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内  容  提  要

本书是一本家长与孩子共同学习编程的入门书。作者是一对父子，他们以Python语言为

例，详尽细致地介绍了Python如何安装、字符串和操作符等程序设计的基本概念，介绍了条件

语句、函数、模块等进阶内容，最后讲解了用Python实现游戏编程。书中的语言生动活泼，叙

述简单明了。为了让学习者觉得编程有趣，本书编排了很多卡通人物及场景对话，让学习者

在轻松愉快之中跨入计算机编程的大门。
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对本书第 1版的赞誉

“一本同时适合小朋友和大朋友的好书。”

—Gordon Colquhoun，Avalon Consulting Services 公司计算机顾问

“这是一本为成长中的人们编写的 Python 书。”

—John Grayson 博士，Python and Tkinter Programming 作者

“这本书读起来很有意思，学起来也很有意思！”

—André Roberge 博士，加拿大圣安娜大学校长

“作者写了一本很友好也很有教育意义的编程书，学习起来很有趣也很轻松。”

—Bryan Weingarten，软件架构师

“我隆重推荐这本书！”

—Horst Jens，Python 教师，Programming While Playing 作者

“Python 是一种非常棒的编程入门语言。非常高兴看到这本特别为孩子写作的

Python 图书。”

—Jeffrey Elkner，教育工作者

“如果要教给孩子一件事，那就是原则。如果要教给孩子两件事，那就是原则和

计算机编程。要教后者，只要有这本书就够了。”

—Josh Cronemeyer，ThoughtWorks 高级软件顾问

“我很喜欢这本书中与卡特的互动……我的学生们会非常喜欢那个电子宠物程

序！这让我回想起自己多年前拥有的 Tamagotchi 电子宠物。”

—Kari J. Stellpflug，美国明尼苏达州罗切斯特公立学校教育工作者

“计算机编程是一种培养孩子学习能力的有力工具……学习编程的孩子会把这种

能力也运用到其他东西的学习中。”

—Nicholas Negroponte，“每个孩子一台笔记本”计划发起人
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对本书第 2版的赞誉

“这本书将编程变得和煎培根一样容易。”

—Elisabet Gordon，Eagle Harbor 中学 10 年级学生

“对任何人来说，这都是一本非常出色的 Python 入门书。它非常有趣！”

—Mason Jenkins，Myron B. Thompson Academy7 年级学生

“上到 88 岁，下到 8 岁，任何想学习编程的人都可以阅读这本书。它不仅以一

种有趣的方式介绍了 Python 编程，而且其中的最佳实践还适用于其他编程语言的

学习。”

—Ben Ooms，Sogeti 公司软件工程师

“如果你想学习编程，或者想教孩子编程，那么这本书就是你的不二选择。”

—Cuberick.com

“不论老幼，只要想学习编程这门必备而有趣的技能，这都是一本非常好的介绍

性图书。”

—Sue Gee，www.i-programmer.info 网站

“Warren 和 Carter 由简入难，直到教会读者制作有趣的 2D 图形游戏和模拟

器。Python 是我向编辑新手推荐的首选语言，而本书正是非常好的学习资源。 
第 1 版出版后，我就一直向学生们推荐它。”

—Dave Briccetti，Dave Briccetti Software LLC 公司软件开发者和教师
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推荐序一
我们为什么要“与小卡特一起学 Python”？

当我拿到《父与子的编程之旅：与小卡特一起学 Python》这本书时，非常巧，

我正在琢磨怎么教我 8 岁的儿子编程。

当时为了找教材，我都做好了回一趟老家的打算——在一个旧书柜里，藏着

二十多年前我参加全市组织的“初中生学编程”的所有讲义。那是我整个学生生涯

中印象最深的教材了，而学习编程的岁月，也是我学生生涯中最深刻的记忆和最受

益的历程。

30 年前，有位老人摸了摸小李劲的头，说了一句“计算机要从娃娃抓起”，当时

绝大多数中国人还不知道计算机为何物。4 年后，正上初一的我得益于此，被选拔参

加了全市组织的周末编程培训。乍一接触，便一头扎了进去，如痴如醉，即使刮风

下雨感冒发烧也一节课没丢，至今脑海中还时不时浮现当时用循环编的由“*”组成

的几何图形的画面。学编程不但没影响我的学习，反而给我带来了强大的自信。在

获得全市最好的编程考试成绩后，追求卓越成为我的习惯，我的主课成绩也一直遥

遥领先，就这样我非常顺利地度过了求学生涯。

说到培养孩子编程，有些人认为不宜太早，拔苗助长；有些人认为没用，因为

在这个浮躁的当下，程序员已经沦为 IT 民工；还有些人觉得家长功利，以为是受新

闻里那些少年出名的低龄程序员和黑客的影响。

先说功利。我是在非常严格的家庭中成长起来的，一路出类拔萃的成绩背后，

是求学时每天 4 点起床早自习的辛苦和勤奋。为了从 99 到 100 那一分的提升，我付

出了太多不必要的辛劳。所以在孩子的发展规划上，我没有任何情结，只是希望孩

子不要重复我自己的弯路，能把他的天赋和能力发挥出来，做个有用的人，并无期

待他“成名成家”的初衷。

再说说为什么孩子还这么小，我就着手教他学编程。无他，只为培养专一求精

的精神。

现在的孩子大多一直生活在一个宽松、丰富多彩的成长环境下，钢琴、围棋、
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vi　　推荐序一

机器人、网球、滑雪这些孩子们爱学爱玩的项目，我儿子也多有触及。但一直对他

观察琢磨的我，发现了一个很大的问题，这也是现在孩子的通病：什么都玩一下，

兴趣广泛，但对哪个都不通。不通非常致命，因为不通孩子就无法建立自信，没有

自信就容易躲避困难，然后又更不自信，如此恶性循环。没有自信作为基础，孩子

很难充分发挥自己的能力，形成自己的特长。所以说从小能有一个特长，有一个专

注的、足够突出的拿手项目，对孩子的发展非常重要。

现在的孩子还有一个特点，就是非常聪明、精力旺盛。这个时候如果不能给他

一个有乐趣、有难度的事，他的发展节奏就会被破坏，天赋就会被浪费。对于数理

感觉比较好的孩子，编程其实是个非常好的选项。这里有创造、逻辑、条理、推理、

计算，可以充分锻炼孩子。

至于学编程会不会变成 IT 民工命，我想这其实是一个“伪命题”。现在少年

MBA、少年领导力、情商培训很火，不是说它们没作用，但管理能力和情商在成长

过程中可以潜移默化地培养，而具备一项专业的技能才是立身之根本。商界固然有

马云、乔布斯这样没有专业技能的领袖，但更多能开创全新格局的还是有技术背景

的业界领袖居多，如马化腾、李彦宏、Google 创始人、Facebook 创始人等。

我第一次接触 Python，是在十多年前。地球人都知道，编程语言是程序员表达

思想、解决问题、创造乐趣的载体。程序员早期的生涯，都是以学习和掌握数种甚

至数十种编程语言开始的。Linux 刚进中国的时候，我和一些编程同好热衷于汉化

和自制 Linux 发行版。当时最大的 Linux 版本 Redhat 是我们研究和学习的首要对象，

尤其是它的系统安装程序，灵活而复杂。很快，从 Redhat 某个早期版本中，我们发

现了 Python 被用来实现了系统安装程序。那是我第一次学习 Python。灵活、表达能

力强、面向对象，这是我对它的概括。现在有很多酷而强大的新语言，但 Python 已

然拥有了庞大的用户基础，也成为了 Google 工程师们使用的三大语言之一。当年的

苹果电脑标配了 Basic、绿色的字库界面，没有什么亲和力。而如今的 Python，天然

和图形编程结合，想必会更得孩子们的喜欢。

跟孩子一起学编程，也是一个父亲的幸福时光。当我带着儿子完成 print 
"Hello World"和 print "1+2"后，他抢过电脑，想了一下，然后用稚嫩的小手输入

了 print "2345*10"。计算机居然算对了！看到他惊讶的表情，我想每一位父亲都会

享受到这种“成长的乐趣”。

陈俊

腾讯效果广告平台部商务研发中心总监

2014 年 10 月 12 日
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推荐序二

1984 年 2 月 16 日，邓小平同志指出“计算机的普及要从娃娃抓起”。根据我自

己多年中小学计算机教育和信息学奥林匹克竞赛辅导的经验，计算机科学对孩子智

力发展的推动作用是十分明显的。现在，计算机科学已经不再是一门单独的学科，

它不仅融合了各个学科发展的前进方向，也是各个学科研究的持续动力。此外，它

对孩子的程序设计教育、数理逻辑培养、探究精神和创造性思维的培养，都是大有

裨益的。

当前，市面上的计算机书籍汗牛充栋。然而，对于孩子来说，其中的绝大部分

书籍都过于艰深。对于父母来说，陌生的内容使得他们无力更好地引导孩子学习。

到头来，往往投入了大量的资金和时间，却收获甚微。

怎样才能在轻松愉快的学习过程中，让孩子体会到程序设计的趣味和魅力呢？

你手中的这本书，便是一种能够让整个家庭充分享受编程乐趣的载体。

在内容编排上，这本书真正做到了深入浅出，循序渐进。跟随它学习，你会发

现，编程课并不像那些教科书一般枯燥无味。通过富有趣味性的学习过程，孩子不

仅可以巩固和提高自己的编程能力，也能在不知不觉中提升创造性的思维能力，了

解编程内容中蕴含的逻辑思维。更重要的是，这是一本可以让孩子和父母共同阅读

的书。无论多大年龄，无论之前是否有过计算机学习的经历，你都可以和孩子共同

参与进来。我们深信，从简短的对家庭成员的问候程序，到和孩子共同设计的小游

戏，整个学习过程不仅可以促进你与孩子之间的交流，也能让你从中受益良多。

作为一名多年从事程序设计教学的老师，更作为一个孩子的父亲，我谨在此将

这本书推荐给每一个充满童真和好奇的孩子以及他们的父母，希望你们能够通过这

本书了解编程，体会到 Python 程序设计的无穷魅力。

曹文

信息学奥林匹克竞赛金牌教练，全国模范教师

2014 年 10 月 16 日
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第 1版译者序

首先，你可能想知道这本书讲些什么。这是一本编程书，它会告诉你什么是

编程，什么是程序，程序有哪些方面，需要了解哪些概念……我不想在这里列出这

些深奥的术语把你吓住，你在书中可以找到，而且会发现其实这些概念一点也不深

奥！最重要的是，读完这本书，你能自己编程序，甚至可以编写游戏，这可能是最

让你着迷的一点吧。

也许你觉得这没有什么特别之处，不过作为译者，我从来没有这么热切地盼望

一本书尽早出版，更确切地讲，应该说我女儿从来没有对我翻译的书表示出如此高

涨的热情。因为，这本书确实与众不同！

你相信吗？这本书的作者之一卡特与你们一样，也是一个小学生，同样对计算

机世界充满了好奇。也许你会惊喜地发现，你脑海中的疑问与他在书中问到的居然

如出一辙。这本书不像一个糟糕的演讲者只顾自己长篇大论地说教，自以为作为听

众的你已经领会他的意思；实际上，你会感觉卡特就像是你自己，你可以按自己的

思维方式轻松地掌握书中的内容，可以发现你真正想问的问题并顺利找到答案，还

可以在清晰的指导下动手编程，让大家对你刮目相看。

还等什么呢？现在就拿起书来，让它带你进入看似神秘的编程世界吧！不过不

要忘了，一定要自己动手试一试，如果只是纸上谈兵，只看不做，你就无法感受到

程序成功运行那一刻的快乐和成就感。

希望多年以后你在计算机领域小有成就时能这样感叹：多亏我小时候看过一本

《父与子的编程之旅》，是一个小孩子和他的爸爸写的，那本书太棒了，要不是这本

书……

本书由苏金国主译，姚曜、荆涛、高强、刘鑫、范松峰分别对全书各章进行审

阅，另外乔会东，刘亮、王小振、李璜、牛亚峰等参与了全书的修改整理。全体人

员共同完成了本书的翻译工作。特别要感谢苏钰涵小同学，作为这本书译稿的第一

位小读者，她提出了很多宝贵的建议，正踌躇满志地着手开发自己的游戏……
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前　　言

前言是什么？前言就是一本书开头的那一部分，这部分没多大意思，可以把前

言跳过去直接读后面具体的内容。你是不是这么想的？确实，如果你真想这么干，

当然可以跳过这个前言（喂，你是不是现在就打算翻页了？），不过天晓得你会漏

掉什么好东西……反正篇幅也不长，也许你应该看看再说，没准真会有意想不到的 
收获。

什么是编程

很简单，编程（programming）就是告诉计算机要做什么。计算机只是一些没有

生命的机器，它们自己可不知道该做什么，一切都得你来告诉它，而且你还必须把

细节都说清楚。

不过，一旦给计算机“下达”了正确的指令，它们就能做很多让人惊奇的事情。

什么嘛……

术语箱
指令（instruction）就是下达给计算机的一个基本命令，通常要求计算机做某

件特定的事情。
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x　　前　　言

计算机程序是由多个指令组成的。为什么计算机能做到这么多了不起的事情

呢？这是因为有许多聪明的程序员编写了程序或者软件（software）来告诉它们该怎

样做。软件就是你的计算机上运行的程序，有时软件也可能运行在与你的计算机相

连的另一台计算机上，比如 Web 服务器。

Python—我们和计算机沟通的语言

所有计算机在内部都使用二进制。不过大多数人都不擅长使用这种语言。我们

需要一种更简便的方法来告诉计算机要做什么。所以人们发明了编程语言。利用计

算机编程语言，我们可以先用一种自己能理解的方式写程序，然后再把它翻译成二

进制供计算机使用。 

到底怎么回事？

计算机要用非常非常多的电路来“思考”。在最底层，这

些电路是一些开关。

工程师和计算机科学家们使用 1 和 0 来代表“开”和

“关”。所有这些 1 和 0 是一种二进制（binary）的编码。二

进制实际上就表示“两种状态”。这两种状态分别是“开”和

“关”，也就是 1 和 0。

你知道吗？ 二进制位 = 比特（bit）。

1110001101

0001110011

0100101000

不要啊！ 
我只会讲人类

的语言！

图灵社区会员 FreeLink 专享 尊重版权



前　　言　　xi

>>> print "Hello" Hello

有很多不同的编程语言。本书会教你如何使用其中的一种语言（Python）来告

诉计算机要做什么。

为什么学编程

你可能不会成为一名专业的程序员（大多数人都不会），不过学习编程确实有很

多理由。

最重要的原因是你想学！不论是作为业余爱好还是作为职业，编程都会很有��

意思，都会让你很有收获。

如果你对计算机感兴趣，想更多地了解它到底怎么工作，想知道怎样才能让��

它做你想做的事情，这也不失为学习编程的一个好理由。

也许你想编写自己的游戏，或者找不到合适的程序能完全满足你的需要，如��

果是这样，你就会想自己编写程序。 
如今计算机已经无处不在，工作中、学校里或者在家里很有可能使用计算机��

（可能这三种场合都少不了计算机）。学习编程能帮助你从总体上更好地了解

计算机。

为什么选用 Python 语言

既然有各种各样的编程语言可以选择（确实太多了！），对于这样一本给孩子们

看的编程书，我为什么要选择 Python 呢？主要有以下几个原因。

最初创建 Python 语言的出发点就是为了便于学习。在我所见过的所有计算机��

语言中，Python 程序是最易读、最容易编写，也是最容易理解的。

嗒

嗒

嗒

嗒

哈哈！我成功
了！ Hello!

嗒

嗒
嗒 嗒

早就该这
样了！
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Python 是免费的。你可以下载 Python，还可以下载很多很多用 Python 编写��

的既好玩又有用的程序，所有这些都是免费的。

Python 是开源（open source）软件。从某个角度来讲，“开源”的含义是指任��

何用户都可以扩展（extend）Python，也就是创建一些新“工具”。补充这些

新工具后，就可以用 Python 做更多的事情，或者尽管是做同样的事情，但是

有了这些新工具后会比原先更容易。很多人已经做了这种扩展，目前已经有

非常多的免费 Python 工具可以供你下载。

Python 并不是一个“玩具”。确实，它非常适合学习编程，不过实际上全世��

界每天都有成千上万的专业人士在使用这种语言，甚至包括类似 NASA（美

国航空航天局）和 Google 这些机构的程序员。所以，学习 Python 后，你不

用转换语言再去学一种“真正的”语言来编写“真正的”程序；很多工作都

完全可以使用 Python 完成。

Python 可以在各种不同类型的计算机上运行。Windows 电脑、苹果电脑和运��

行 Linux 的计算机上都可以使用 Python。大多数情况下，如果一个 Python 程

序可以在你家里的 Windows 电脑上运行，那么这个程序同样也可以在你学校

的苹果电脑上运行。本书适用于几乎所有安装了 Python 的计算机。（另外要

记住，如果你要用的计算机上还没有安装 Python，完全可以免费安装。）

我自己很钟爱 Python，非常喜欢学习和使用这种语言，我想你也会和我一��

样。
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#
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#

print>>>Helloif
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>>>Hello
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像程序员一样思考

这本书会使用 Python 语言，不过你在这里学到

的有关编程的大多数内容也适用于所有计算机语言。

学习用 Python 编程可以让你有一个很好的起点，有

了这个基础，将来学习任何其他语言都会很轻松。
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有趣的内容

还有一点需要指出……

使用计算机最有趣的就是玩游戏，游戏中的图像

和音效对小孩子尤其有吸引力。我们将要学习如何编

写自己的游戏，在这个过程中还会利用图形和声音做

很多工作。下面就是我们将要开发的一些程序的屏幕

截图。

不过，我认为（或者说我希望），就像让飞船和滑雪的角色在屏幕上移动一样，

你会发现学习这些基础知识并着手编写第一个程序同样很有趣。

祝你玩得开心！
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关于本书

这本书讲的是计算机编程的基础知识。这是一本面向孩子们的书，不过只要想

学习计算机编程，任何人都可以读这本书。

要看懂这本书，并不要求你之前对编程有任何了解，不过起码你要知道怎么使

用计算机。也许你只是用计算机发邮件、上网、听音乐、玩游戏或者写学校布置的

作业，但只要能在计算机上做一些基本的事情，比如说启动一个程序，打开和保存

文件，学习这本书就绝对没问题。

你需要什么

本书会用一种名为 Python 的计算机语言教你学习编程。Python 是免费的，可

以从很多地方下载，也包括本书的网站。要通过本书学习编程，你只需要具备如下

条件。

这本书。（那当然了！）��

一台计算机，已经安装了 Windows、Mac OS X 或者 Linux 操作系统。这本书��

中的例子都是在 Windows 上完成的。（对于 Mac 和 Linux 用户，还可以从这

本书的网站 www.helloworldbook2.com 上得到一些帮助。）

使用计算机的一些基本知识（启动程序、保存文件等）。如果你在这方面有��

问题，可以找个人来帮你。

得到允许可以在你的计算机上安装 Python（可能是你的爸爸妈妈，也可能是��

你的老师，或者是负责这台计算机的某个人）。强烈建议你使用 Hello World
安装程序来安装使用本书所需的 Python 版本。该程序可在本书的网站 www.
helloworldbook2.com 上找到。

渴望学习和尝试新事物，尽管需要多次尝试也不会轻易放弃的个性。��
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你不需要什么

通过本书学习编程，你不需要具备下列条件。

购买任何软件。你需要的一切都是免费的，而且本书的网站（www.helloworld-��

book2.com）上也提供了这些软件。

计算机编程的任何知识。这本书是面向初学者的。 ��

怎样使用本书

如果想通过本书更好、更快地学习编程，要注意下面几点。

验证例子。��

输入程序。��

做习题。��

别担心，放松点。��

验证例子

下面就是本书例子的一个示例：

if timsAnswer == correctAnswer:
   print "You got it right!"
   score = score + 10

一定要按照例子自己重新做几遍并自己输入代码（ 我会明确地告诉你怎么做）。

当然你也可以坐在一张舒适的大椅子上读完整本书，可能也能从中学到一些有关编

程的知识。不过，通过自己动手编程，你学到的东西会多得多。

安装 Python

要想使用本书，你需要在自己使用的计算机上安装 Python。我们强烈建议你使

用 Hello World 安装程序来安装本书所需的 Python 版本及其他内容。Hello World 安

装程序可在本书的网站 www.helloworldbook2.com 上找到。

如果你采用其他方法安装 Python，导致没有安装上正确的 Python 版本以及所需

的其他模块，那么当出现问题时，你会感到十分沮丧。
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输入程序

本书提供的安装程序会把所有示例程序复制到你的硬盘上（如果你希望如此）。

安装程序已经放在本书的网站上（www.helloworldbook2.com）。还可以从网站查看和

下载单个例子，不过我建议你尽可能自己输入这些程序。通过亲手输入程序，你会

对编程（特别是对 Python）产生一种“感觉”。（至少还可以多做一些打字练习！）

做习题

每一章的最后都有一些习题，可以练习你刚学到的知识。尽可能多地做些习题。

如果你做不出来，可以找个懂编程的人来帮你。你们一起来解决这些问题，这样做

会让你收获更多。做题之前千万别看答案，除非你实在做不出来了。（没错，有些答

案在书的最后以及网站上已经给出，不过最好还是不要偷看。）

嘿，伙计！别怕，
你不会把计算机弄
坏的，放手去试吧。

不要担心犯错误。实际上，你得尽量多犯

错误！我认为，犯错误然后搞清楚怎么找出错

误并改正是最好的一种学习方法。

在编程中，除了多费一点时间，你的错误

通常不会带来其他损失。所以完全可以犯很多

错误，当然从中也会获得很多教训，你会发现

这很有意思。

卡特说

我希望这本书有趣、易懂，适合小孩子看。

很幸运，我有一个小帮手。卡特是一个小

孩子，他热爱计算机，希望能更多地了解

计算机。所以他能帮我保证这本书不偏离我们

的初衷。卡特发现的有趣或不寻常的东西或者不

合理的地方，在书中会通过右边这个卡通人物说

出来。

目前为止，我还没有
注意到什么不寻常的
东西……只是出来先
跟大家打声招呼。
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第 2 版新增内容

首先，我们来说说第 2 版中有哪些内容没有改变，那就是我们决定在第 2 版中

继续使用 Python 2，而不是转换到 Python 3。我们会在第 1 章解释其中的原因。

下面是第 2 版与第 1 版的不同之处

增加了一些说明，解释 Python 2 和 Python 3 的区别。��

第 12 章增加了一节关于 Python 字典的内容。��

在第 20 章的 GUI 编程部分，我们将不再被支持的 PythonCard 换成了应用更��

广泛的 PyQt。PyQt 也用在第 22 章的 Hangman 程序和第 24 章的电子宠物程

序中。

增加了第 25 章，用来详细解释第 10 章中的 Skier 程序。��

增加了第 26 章，讲述在简单的对战游戏中，如何编写一个有人工智能（AI）��

的机器人来与其他机器人对战。

增加了一个附录，列出了 Python 2 和 Python 3 的不同之处。��

致作者

你们可以在本书网站（www.helloworldbook2.com）上的作者在线论坛发表评论

和提出问题。

致家长和老师

Python 是免费开源的软件，在计算机上安装和使用这种语言没有任何危险。

Python 软件以及使用本书所需的所有软件都可以从 www.helloworldbook2.com 免费下

载。这些下载文件很容易安装和使用，而且没有病毒和恶意插件。
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第 1版致谢

如果没有我的好妻子 Patricia，没有她给予的灵感、鼓励和支持，这本书根本

不可能开始，当然也无从结束。因为卡特（我们的儿子）对学习编程产生了浓厚的

兴趣，而我们找不到一本合适的书来满足他高涨的学习热情，所以 Patricia 对我说：

“你应该写本书，这会是一个不错的项目，你们两个可以合作来完成。”她总是对的，

这一次也不例外。Patricia 总是有办法让人展示出最出色的一面。于是，卡特和我开

始考虑这本书里该写些什么，我们一起构思每一章的大纲，编写示例程序，还想方

设法力求更风趣、更有意思。一旦踏上征途，卡特和 Patricia 就坚信我们一定能胜利

到达终点。卡特舍弃了每晚临睡前的故事时间，全心投入这本书。如果我们稍稍有

一段时间放松，他就会提醒我：“爸爸，我们好几天都没有写书了！”卡特和 Patricia
让我相信，只要你用心去做，没有做不到的事情。还要感谢家里的所有人，包括我

们的女儿 Kyra，在我们写这本书时她也少了很多全家人在一起的欢聚时光。我要感

谢家人的耐心和一如既往的支持，正是这一切才让这本书得以问世。

写稿是一回事，出版书又是另一回事。如果没有 Manning 出版公司 Michael 
Stephens 的热心和长久以来的支持，这本书绝不可能出版。从一开始，他就相当认

可并赞同确实需要这样一种书。Michael 对这个项目充满信心，而且在整个过程中都

一直耐心地指导我这样一个从来没有写过书的新手，这些对我们来说意义非比寻常，

实在令人感激。我还要向 Manning 公司所有帮助我们完成这本书的人诚挚地道一声

谢，特别是 Mary Piergies，感谢她耐心地协调制作过程的方方面面。

如果没有 Martin Murtonen 生动有趣的插图，这本书肯定会逊色不少。这些作品

就能清楚地展示 Martin 过人的创造力和天赋。他还是一个非常容易相处的人，与他

合作真是一件惬意的事情。

那一天，我问我的朋友（也是我的同事）Sean Cavanagh：“要是用 Perl 来完成，

你会怎么做？”Sean 回答说：“我不会用 Perl，而是会用 Python。”于是我决定开始学

习这种新的编程语言。在我学习 Python 期间，Sean 回答了我的很多问题，还仔细地

审查了最初的书稿。他还创建并维护了这本书的安装程序。他的帮助让我感激不尽。
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还要感谢在这本书出版过程中完成审校和帮助准备书稿的人们： Vibhu 
Chandreshekar、Pam Colquhoun、Gordon Colquhoun、Dr. Tim Couper、Josh 
Cronemeyer、Simon Cronemeyer、Kevin Driscoll、Jeffrey Elkner、Ted Felix、David 
Goodger、Lisa L. Goodyear、Dr. John Grayson、Michelle Hutton、Horst Jens、Andy 
Judkis、Caiden Kumar、Anthony Linfante、Shannon Madison、Kenneth McDonald、 
Evan Morris、Prof. Alexander Repenning、André Roberge、Kari J. Stellpflug、Kirby 
Urner 和 Bryan Weingarten，是他们的努力让这本书日臻完善。

Warren Sande

我要感谢 Martin Murtonen 专门给我画的漫画，感谢妈妈在我两岁的时候就让我

玩计算机，而且还提出写书这样一个绝妙的想法。最重要的，我要感谢爸爸对这本

书还有我付出的心血，感谢他教我学习编程。

Carter Sande
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第 2版致谢

在更新这本书的过程中，很多曾为第 1 版的问世作出贡献的人再次帮助了我。

除了前面列出来的那些人以外，我们还要感谢帮忙审校本书第 2 版的人们：Ben 
Ooms、Brian T. Young、Cody Roseborough、Dave Briccetti、Elizabet Gordon、Iris 
Faraway、Mason Jenkins、Rick Gordon、Shawn Stebner 和 Zachary Young。此外还要

感谢 Ignacio Beltran-Torres 和 Daniel Soltis，他们在这一版出版之前对最终的手稿做

了非常仔细的技术校对。

最后，我们还要感谢 Manning 出版公司的所有员工，是他们让这一版比第 1 版

更胜一筹。
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1.1　安装 Python　　1

1.1　安装 Python

首先需要在你使用的计算机上安装 Python。

第 1 章

出　发　吧

               

                    

 

从前的美好时光

在个人计算机（PC）时代的初期，人们的日子很好过。

最早的 PC 大都已经内置了一种名为 BASIC 的编程语言。人们

什么也不必安装，他们要做的只是打开计算机，屏幕上会显示

“READY”（准备就绪），然后就可以开始键入 BASIC 程序了。

听上去很不错，是不是？

　　当然，那时能得到的也只有“READY”而已。没

有程序，没有窗口，也没有菜单。如果你希望计算机

做点其他的事情，就必须编写程序！那时没有字处理

器、媒体播放器和 Web 浏览器，总之我们如今使

用的所有应用当时都没有。甚至根本不存在万维

网（Web），当然上网也就无从说起了。当时的计算机

没有好玩的图片，也没有声音，只是在出错时偶尔会发

出“哔哔”声！
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2　　第 1 章　出发吧

安 装 Python 非 常 容 易。 我 们

强烈建议你使用 Hello World 安装程

序来安装使用本书所需的 Python 版

本。该安装程序可在本书的网站 www.
helloworldbook2.com 上找到。根据你的

计算机的操作系统可以找到相应的安

装程序版本。

这里分别提供了面向 Windows、
Mac OS X 和 Linux 的版本。这本书

里的所有例子都是 Windows 版本，

不过在 Mac OS X 或 Linux 中使用

Python 也很类似。只需要按网站上

的说明运行适合你的系统的版本。

本书使用的 Python 版本是 2.7.3 版本。如果使用本书网站上的安装程序，你得

到的就是这个版本。当你读到这本书时，可能已经有了更新的 Python 版本。这本书

里的所有例子已经用 Python 2.7.3 做过测试。它们很可能也可以用于以后的 2.x 版本，

不过我们无法预知未来，所以不能保证这一点。

Python 2 与 Python 3
写作本书的前几年，Python 发布了一个新版本，也就是 Python 3。但是，

它并不是 Python 一个真正意义上的“升级版本”。这就导致很多人并不想切

换到 Python 3，所以他们仍然使用 Python 2。Python 的开发者也在同时开发

Python 2 的新版本和 Python 3 的新版本。在写作本书第 2 版的时候，Python 2
和 Python 3 的最新版本分别是 Python 2.7.3 和 Python 3.3.0。本书中使用的是

Python 2.7.3，这些代码应该能与 Python 2.x 的任何后续版本都兼容。

更多有关 Python 2 和 Python 3 的细节，请参阅附录 B。

即使你的计算机上已经安装了 Python，不打算使用这本书的安装程序，但是还要确保安装这本书需要的一些“额外内容”。查看网站（www.helloworldbook2.com）的安装说明（Installation Instructions）部分，看看应该怎么做。这里再强调一次，要想确保本书中的全部代码都能正确运行，最好的办法就是使用我们的安装程序。你可以 在 本 书 的 网 站（www.helloworldbook2.com）上找到该安装程序。
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1.2　从 IDLE 启动 Python　　3

1.2　从 IDLE 启动 Python

启动 Python 有两种方法。一种方法是从 IDLE 启动，也就是我们现在要使用的

方法。

在 Start（开始）菜单中，可以看到“Python 2.7”下面的“IDLE (Python GUI)”。
点击这个选项，会看到 IDLE 窗口打开（类似下面显示的窗口）。

IDLE 是 一 个 Python shell。shell
的意思就是“外壳”，基本说来，这是

一个通过键入文本与程序交互的途径，

可以利用这个 shell 与 Python 交互。

（正是因为这个原因，可以看到窗口的

标题栏上显示着 Python Shell）。IDLE
本身还是一个 GUI（图形用户界面），

所以在开始菜单中显示为 Python GUI 。除了 shell，IDLE 还有其他一些特性，不过

这个内容我们稍后再讲。

上图中的 >>> 是 Python 提示符（prompt）。提示符是程序等待你键入信息时显

示的符号。这个 >>> 提示符就是在告诉你，Python 已经准备好了，在等着你键入

Python 指令。

术语箱
GUI 就是图形用户界面（graphical user 

interface）。这表示界面中有窗口、菜单、按

钮、滚动条等等。没有 GUI 的程序称为文本

模式（text-mode）程序、控制台（console）

程序或命令行（command-line）程序。
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4　　第 1 章　出发吧

1.3　来点指令吧

下面就来向 Python 下达我们的第一条指令。

在 >>> 提示符末尾的光标后面键入： print "Hello World!"

然后按下 Enter（回车键）。（有些键盘上，这个键称为 Return 键。）每键入一行指令

之后，都要按回车键。

按下回车键之后，会得到这样一个响应： Hello World!
>>>

下图显示了 IDLE 窗口中执行这个指令的情况。

Python 会 完 全 照

你说的去做：它会打印

（print）你的消息。（在

编程中，打印通常是指

在屏幕上显示文本，而

不是用打印机打印在一

张纸上。）你键入的这

行文本就是一个 Python
指令。你现在就是在编

程！计算机已经在你的

掌控之中！

另外，学习编程时总有这样一个传统：刚开始都是让计算机显示“Hello 

现在你要 
听我的！ >>> 是，主主主主主主……人
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1.3　来点指令吧　　5

IDLE 里为什么会有 
那些奇妙的颜色呢？

World!”。我们也会沿袭这个传统，这本书的书名就是从这里来的。欢迎来到编程世

界！

这个问题问得好！ IDLE 想帮你更好

地理解这些内容。它用不同的颜色显

示文本，便于你区分代码（code）的

不同部分。（在 Python 之类的语言中，代

码就是下达给计算机的指令，这只是指令的另一个叫

法。）本书后面我会慢慢解释这些不同部分究竟是什么。

如果出问题

如果有错，可能会看到类似下面的结果： >>> pront "Hello World!"
SyntaxError: invalid syntax
>>>

这个错误消息表示，Python 不懂你键入的内容。在

上面的例子中，print 被错拼为 pront，Python 不知

道该怎么处理。如果你犯了这个错误，可以再试一次，

这一回一定要完全按照例子键入指令。

嘿，原来 print是橙
色，现在 pront上看

不到橙色了。
这是有道理的。因为

print 是 一 个 Python 关 键

字，而 pront不是。

术语箱
关键字（keyword）是作为 Python 语言

一部分的特殊词，也称为保留字（reserved 

word）。
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1.4　与 Python 交互

你刚才所做的就是在交互模式中使用 Python。键入命令（指令）后，Python 立

即执行这个命令。

术语箱
执行（executing）命令、指令或程序就表示“运行”或者“发生”，这只是运

行或发生的另外一种形象说法。

下面就在交互模式中再尝试几条指令。

在提示符后面键入下面这条指令：
>>> print 5 + 3

你会得到： 8
>>>

这么说 Python 确实会做加法！这并不奇怪，因为计算机本来就很擅长算术运算。

下面再试一个：
>>> print 5 * 3
15
>>>

几乎所有计算机程序和语言中都使用 *符号作为乘号。这个符号称作“星号”

或“星”。

如果你在数学课上总是把“5 乘以 3”写作 5 × 3，在 Python 中就必须习惯于用

*来做乘法。（大多数键盘上，这个符号都在数字 8 的上面。）

我能口算出 5 乘以 3，
根本不需要 Python 或

者计算机来帮忙！
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那好，再试试这个：

>>> print 2345 * 6789
15920205
>>>

嗯，这个可以
用计算器来

算……

那么，这一个呢？

>>> print 1234567898765432123456789 * 9876543212345678987654321
12193263200731596000609652202408166072245112635269
>>>

                  

嘿，这么大的
数计算器根本

放不下 ! 没错。但是利用计算机，超大

数的数学计算也能完成。不仅如此，

你还可以做些别的事情，比如说：

>>> print "cat" + "dog"
catdog
>>>

或者再试试这个：

>>> print "Hello " * 20
Hello Hello Hello Hello Hello Hello Hello Hello Hello Hello
Hello Hello Hello Hello Hello Hello Hello Hello Hello Hello

除了数学计算，计算机擅长的另一件事就是反复地做事情。在这里，我们告诉

Python 让它把 Hello 打印 20 次。

后面还会在交互模式中做更多事情，不过现在……

1.5　该编程了

到目前为止，我们看到的例子都只是（交互模式中）单个的 Python 指令。通过

这些指令可以查看 Python 能够做些什么，这固然不错，不过这些例子并不是真正的
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程序。前面已经提到过，程序是多个指令

集合在一起。所以下面就来创建我们的第

一个 Python 程序吧。

首先需要有办法键入我们的程序。如

果只是在交互式窗口中键入指令，Python
不会“记住”你键入的内容。需要使用一

个文本编辑器（比如 Windows 上的“记事

本”、Mac OS X 上的 TextEdit，或者 Linux
上的 vi），它能把程序保存到硬盘上。

IDLE 提供了一个文本编辑器，它比记

事本更适合你的需要。可以从 IDLE
的 菜 单 中 选 择 File （文 件） New 
Window（新窗口）找到这个文本编 
辑器。

你会看到一个与右图类似的窗

口。标题栏显示 Untitled（意思是“未

命名”），因为你还没有给文件命名。

现在，在这个编辑器中键入代码清单 1-1 中的程序。

代码清单 1-1　我们第一个真正的程序

print "I love pizza!"
print "pizza " * 20
print "yum " * 40
print "I'm full."

键入代码之后，使用 File（文件） 
Save（保存）或者 File（文件） Save As
（另存为）菜单项保存这个程序。把这个文

件命名为 pizza.py。你可以把它保存到你

希望的任何位置（只要你记得保存在哪里，

以便以后还能找到它）。你可能还想创建

一个新的文件夹来保存你的 Python 程序。

文件名末尾的 .py 部分很重要，因为这一

部分会告诉你的计算机这是一个 Python 程

序，而不只是普通的文本文件。

谈到菜单选择时，比如说 File  New，第一部分（这里的 File）
是主菜单。由  可以知道，下一
部分（这里的 New）是 File 菜单
中的一项。这本书中都将使用这种
表示方法。

注意这个代码标题中出现了
“代码清单 1-1”，这是什么意思？
如果示例代码构成了一个完整的Python 程序，我就会对它像这样编
号，使你能很容易地在 \examples
文件夹或网站中找到相应的代码。
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1.6　运行你的第一个程序　　9

你可能已经注意到，这个编辑器在程序中使用了不同的颜色。有些词是橙色，

还有一些是绿色。这是因为 IDLE 编辑器认为你打算键入一个 Python 程序。对于

Python 程序，IDLE 编辑器会把 Python 关键字用橙色显示，引号中间的所有内容都

显示为绿色。这样是为了帮助你更容易地读 Python 代码。

1.6　运行你的第一个程序

保存了你的程序之后，就可以选择 Run（运行）菜单（还是在 IDLE 编辑器中），

再选择 Run Module （运行模块），如下图所示。这样就能运行你的程序了。

Python Shell 窗口（就是启动 IDLE 时出现的那个窗口）再次变成活动窗口，并

会显示下面的结果。

RESTART 部分表明已经开始运行一个程序。（如果你在反复运行程序来进行测

试，这会很有帮助。）

图灵社区会员 FreeLink 专享 尊重版权



10　　第 1 章　出发吧

然后程序开始运行。当然，这个程序确实没太大用处。不过起码你能让计算机

听从你的号令了。随着学习的深入，我们的程序会越来越有意思。

1.7　如果出问题

如果程序中出现错误无法运行，怎么办呢？可能会发生两种不同类型的错误。

下面就来了解这两种错误，这样无论遇到哪一种错误你都能知道如何应对。

语法错误

IDLE 在尝试运行程序前会对程序做一些检查。如果 IDLE 发现一个错误，这往

往是一个语法错误（syntax error）。语法就是一种编程语言的拼写和文法规则，所以

出现语法错误意味着你键入的某个内容不是正确的 Python 代码。

下面给出一个例子：

9 CHAPTER 1 Getting Started

You will see that the Python shell window (the one that first came up when you started 
IDLE) becomes active again, and you will see something like the following:

The RESTART part tells you that you started running a program. (This will be helpful when 
you are running your programs over and over again to test them.)

Then the program runs. Okay, so it doesn’t do very much. But you got the computer to do 
what you told it to do. Our programs will get more interesting as we go along.

If something goes wrong
What happens if you have an error in your program, and it doesn’t run? There are two 
different kinds of errors that can happen. Let’s look at both kinds, so you will know what to 
do if either one happens to you.

Syntax errors

IDLE does some checking of your program before it even tries to run it. If IDLE finds an error, 
it is usually a syntax error. Syntax is the spelling and grammar rules for a programming lan-
guage, so a syntax error means that you have typed something that is not proper Python code.

Here is an example:

We missed a quote mark between print and Bye for now!"

If you tried to run this program, IDLE would pop up a message saying “There’s an error in 
your program: invalid syntax.” Then you would have to look at your code to see what’s 
wrong. IDLE will highlight (in red) the place where it found the error. It might not be exactly 
where the problem is, but it should be close.

print "Hello, and welcome to Python!"
print "I hope you will enjoy learning to program."
print Bye for now!"

Missing quote mark缺少引号

这里在 print和 Bye for now!"之间漏了一个引号。

如果运行这个程序，IDLE 会弹出一个消息“There’s an error in your program: 
invalid syntax.”，意思是说你的程序中有一个错误，语法不正确。你必须查看代码，

找出哪里出了问题。IDLE 的编辑器会（用红色）突出显示它认为出错的位置。也许

问题不会恰好出现在红色显示的位置，不过应该很接近。

运行时错误

可能发生的第二种错误是运行程序之前 Python（或 IDLE）无法检测出来的错

误。这种错误只是在程序运行时才会发生，所以被称为运行时错误（runtime error）。
下面是程序中出现运行时错误的例子：

print "Hello, and welcome to Python!"
print "I hope you will enjoy learning to program."
print "Bye for now!" + 5

如果保存这个程序，并试图运行，程序确实会开始运行。前两行会打印出来，

但是接下来你会得到一个错误消息：
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10 Hello World!

How come this works:
print "Bye for now!" * 5

But this doesn’t:
print "Bye for now!" + 5

S

S

Runtime errors

The second kind of error that can happen is one that Python (or IDLE) can’t detect before it 
runs the program. This kind of error only happens when the program runs, so it is called a 
runtime error. Here’s an example of a runtime error in a program:

If we save this and try to run it, the program actually starts to run. The first two lines are 
printed, but then we get an error message:

The line starting with Traceback is the start of the error message. The next line tells you 
where the error happened—the filename and line number. Then it displays the bad line of 
code. This helps you find where the problem is in your code. The last part of the error 
message tells you what Python thinks is wrong. Once you know more about programming 
and Python, it will be easier to understand what the message means.

Well, Carter, it’s kind of like 
that old saying about com-
paring apples to alligators. 

In Python, you can’t 
add different kinds of 
things together, like a 

number and some text. 
That’s why print "Bye for now!" + 5 

gave us an error. It’s like saying, “If I take 5 apples and add 3 
alligators, how many do I have?” You have 8, but 8 of what? 

Adding these together doesn’t really make sense. But you 
can multiply almost anything by a number to get more of that kind 

of thing. (If you have 2 alligators and you multiply by 5, you have 10 
alligators!) That’s why print "Bye for now!" * 5 works. 

print "Hello, and welcome to Python!"
print "I hope you will enjoy learning to program."
print "Bye for now!" + 5

>>> ============================ RESTART ============================
>>>
Hello, and welcome to Python!
I hope you will enjoy learning to program.

Traceback (most recent call last):
  File "C:/HelloWorld/examples/error1.py", line 3, in <module>
    print "Bye for now!" + 5 
TypeError: cannot concatenate 'str' and 'int' objects

>>>

Start of the 
error message

Where the 
error was

The "bad" 
line of code

What Python 
thinks is wrong

错误消 
息开始

错误发生 
的位置

出错的 
代码行

Python 认为存
在什么问题

Traceback 开头的代码行表示错误消息开始。下一行指出哪里发生了错误，这里

会给出文件名和行号。然后显示出错的代码行，这可以帮助你找到代码中哪里出了

问题。错误消息的最后一部分会告诉你 Python 认为存在什么问题。对编程和 Python
有了更多了解之后，就更容易理解这个消息是什么意思了。

听我说，卡特，这有点

像将苹果和鳄鱼放在一起。

在 Python 中，不能把

两个完全不同的东西

加在一起，比如说数

字和文本。正是因为这个原因， print "Bye for 
now!" + 5会给出错误消息。这就像是在说：“5 个苹

果加 3 只鳄鱼是多少？”结果是 8，但是 8 个什么呢？

把这些东西加在一起没有任何意义。不过几乎所有东西都

可以乘以一个数来翻倍。（如果有两只鳄鱼，再乘以 5，那你就会

有 10 只鳄鱼！）正因如此，print "Bye for now!" * 5 是可以的。

#!/bin/envpytho

n
#
Pa

gin
atea

textfile,addingaheader
and

footerimportsys,time,string#
If
no
arguments

weregiven,printahelp
ful

me
ssageiflen(sys.argv)!=2:print'Usa

ge:
pyp

rin
tf
ilename'sys.exit(0)class#Incre

me
nt
th
e
pagecount,andr

ese
tt
he
li
ne
co
un
ts

elf
.he

ad
er
_w
ri
tt
en
=1
;s
el
f.
co
un
t=1

;#!
/bin

/envpyt
hon# Paginateatextfile,a

ddi
nga

header print>>>Helloif#

print
>>>Hell

o
if

print>>>Helloif#print

>>
>H
el
lo

像程序员一样思考

看到错误消息也不用担心。它们只是

为了帮助你找出哪里出了问题，以便你改

正错误。如果程序中确实出了问题，你肯

定更希望看到错误消息。没有给出任何错

误消息的 bug ① 才更难找到！

S

为什么这样可以：
print "Bye for now!" * 5

但这样不行：
print "Bye for now!" + 5

① bug，意思是“臭虫”。程序员通常把讨厌的错误说成 bug。—编者注
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12　　第 1 章　出发吧

1.8　你的第二个程序

第一个程序没有多大实际意义，它只是在屏幕上打印了一些内容。下面来试一

个更有意思的程序。

代码清单 1-2 中的代码编写的是一个简单的猜数游戏。与第一个程序一样，先

选择 File（文件）  New Window（新窗口）在 IDLE 编辑器中新建一个文件。键入

代码清单 1-2 中的代码，然后保存这个文件。可以把这个文件命名为你喜欢的任何名

字，只要以“.py”结尾就可以。NumGuess.py 就是一个不错的名字。

这里只有 18 行 Python 指令，另外为了便于阅读还加入了一些空行。键入这些

代码不会花费太多时间。虽然我们还没有说明这个代码到底是什么意思，不过不用

担心，很快就会讲到。

import random

secret = random.randint(1, 99)      

guess = 0

tries = 0

print "AHOY!  I'm the Dread Pirate Roberts, and I have a secret!"

print "It is a number from 1 to 99.  I'll give you 6 tries. "

while guess != secret and tries < 6:                                

    guess = input("What's yer guess? ")     

    if guess < secret:                                              

        print "Too low, ye scurvy dog!"                             

    elif guess > secret:                                            

        print "Too high, landlubber!"                               

                                                                    

    tries = tries + 1          

if guess == secret:                                    

    print "Avast! Ye got it!  Found my secret, ye did!"              

else:                                                               

    print "No more guesses!  Better luck next time, matey!"         

    print "The secret number was", secret                

选一个秘密数

最多允许
猜 6 次

用掉一次机会

得到玩家
猜的数

代码清单 1-2　猜数游戏

游戏结束时 
打印消息

键入这些代码时，注意 while指令后面代码行是缩进的，另外 if和 elif后面

的代码缩进得更多一些。还要注意有些代码行末尾有冒号。如果在正确的位置键入

冒号，编辑器会自动将下一行缩进。

保存代码后，就像运行第一个程序一样，选择 Run（运行） Run Module（运

行模块）来运行这个程序。尝试一下，看看会发生什么。下面是我运行这个程序的

示例：
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1.8　你的第二个程序　　13

12 Hello World!

if guess == secret:                        
    print "Avast! Ye got it!  Found my secret, ye did!"
else:
    print "No more guesses!  Better luck next time, matey!"
    print "The secret number was", secret

When you are typing it in, notice the indenting of the lines after the while instruction, and 
the extra indenting of the lines after if and elif. Also notice the colons at the ends of some 
of the lines. If you type the colon in the correct place, the editor will help you by indenting 
the next line for you.

Once you’ve saved it, run it using Run > Run Module, just like you did for the first program. 
Try playing it and see what happens. Here is a sample of when I ran it:

It took me five guesses to get the secret number, which turned out to be 12.

We will be learning all about the while, if, else, elif, and 
input instructions in the next few chapters. But you can 
probably already get the basic idea of how this program 
works:

� The secret number is randomly picked by the program. 
� The user inputs his guesses. 
� The program keeps checking the guess against the 

secret number: is it higher or lower? 
� The user keeps trying until he guesses the number or 

runs out of turns.
� When the guess matches the secret number, the player 

wins.

>>> ======================= RESTART =======================
>>>
AHOY!  I'm the Dread Pirate Roberts, and I have a secret!
It is a number from 1 to 99.  I'll give you 6 tries. 
What's yer guess? 40
Too high, landlubber!
What's yer guess? 20
Too high, landlubber!
What's yer guess? 10
Too low, ye scurvy dog!
What's yer guess? 11
Too low, ye scurvy dog!
What's yer guess? 12
Avast! Ye got it!  Found my secret, ye did!
>>>

Prints 
message at 
end of game

我猜了 5 次才猜到这个秘密数，也就是 12。

后面几章我们会学习有关 while、if、else、

elif和 input指令的所有内容。不过估计你已经大

致了解了这个程序的基本过程了。

由程序随机选取秘密数。��

用户输入他猜的数。��

程序根据秘密数检查用户猜的结果：太大还是太��

小？

用户不断尝试，直到猜出这个数，或者用完所有机��

会。

猜到的数与秘密数一致时，玩家获胜。�� 13 CHAPTER 1 Getting Started

What did you learn?

Whew! We covered quite a lot. In this chapter, you

� installed Python.
� learned how to start IDLE.
� learned about interactive mode.
� gave Python some instructions, and it executed them.
� saw that Python knows how to do arithmetic (including really big numbers!)
� started the IDLE text editor to type in your first program.
� ran your first Python program!
� learned about error messages.
� ran your second Python program: the number-guessing game.

Test your knowledge
1 How do you start IDLE?

2 What does print do?

3 What is the symbol for multiplication in Python?

4 What does IDLE display when you start to run a program?

5 What is another word for running a program?

Try it out
1 In interactive mode, use Python to calculate the number of minutes in a week.

2 Write a short program to print three lines: your name, your birth date, and your 
favorite color. The output should look something like this:

Save the program and run it. If the program doesn’t do what you expect, or you get
any error messages, try to fix it and make it work.

My name is Warren Sande.    
I was born January 1, 1970.
My favorite color is blue. 

你学到了什么

哇！内容真不少。这一章中，你做了下面这些事情：

安装了 Python；��

学习了如何启动 IDLE；��

了解了交互模式；��

交给 Python 一些指令来执行；��

看到了 Python 知道如何完成算术运算（包括非常大的数）；��

启动 IDLE 文本编辑器键入你的第一个程序；��
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14　　第 1 章　出发吧

运行你的第一个 Python 程序；��

了解错误消息；��

运行你的第二个 Python 程序：猜数游戏。��

测试题

1. 如何启动 IDLE ？

2. print的作用是什么？

3. Python 中表示乘法的符号是什么？

4. 启动运行一个程序时 IDLE 会显示什么？

5. 运行程序又叫做什么？

动手试一试

1. 在交互模式中，使用 Python 计算一周有多少分钟。

2.  编写一个简短的小程序，打印 3 行：你的名字、出生日期，还有你最喜欢的

颜色。打印结果应该类似这样：

 My name is Warren Sande.
I was born January 1, 1970.
My favorite color is blue.

　 保存这个程序，然后运行。如果程序没有像你期望的那样运行，或者给出了

错误消息，试着改正错误，让它能够正确运行。
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2.1　输入、处理和输出　　15

什么是程序？嘿，等等，我想我们在第 1 章已经回答过这个问题！我们说过，

程序就是下达给计算机的一系列指令。

对，确实是这样。不过，几乎所有真正有用或者有意思的程序都还有一些别的

特征：

都有输入（input）；��

都会处理（process）输入；��

都会产生输出（output）。��

2.1　输入、处理和输出

你的第一个程序（代码清单 1-1）并没有任何输入或处理。也正是因为这个原

因，那个程序没有太大意思。它的输出就是程序在屏幕上打印的消息。

你的第二个程序猜数游戏（代码清单 1-2）就具备以下这三个基本要素。

输入：玩家键入的数，也就是他猜的数。��

处理：程序检查玩家猜的数，并统计已经猜过几次。��

输出：程序最后打印的消息。��

下面再看一个例子，这个程序也具备所有这三个基本要素：在一个视频游戏中，

输入是来自操纵杆或游戏控制器的信号，处理是程序确定你是否击中外星人、避开

火球、顺利过关或者做其他活动，输出是屏幕上显示的图形和扬声器或耳机传出的

声音。

第 2 章

记住内存和变量
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16　　第 2 章　记住内存和变量

输入、处理和输出。一定要把这些记住。

那好，这么说计算机需要输入。不过它会怎么处理这些输入呢？为了处理输入，

计算机必须记住它们，或者把它们保存在某个地方。计算机会把这些内容（包括输

入以及程序本身）保存在它的内存中。

输入

输出

处理

你可能听说过计算机内存，不过这到底是什么意思呢？

我们说过，计算机只是一大堆开关。不错，内存就像是放在同

一个位置上的一组开关。一旦以某种方式设置了这些开关，它们就

会一直保持那种状态，直到你做出改变。也就是说，它们会记住你

原先的设置……

哇， 内存！

你可以写内存（设置开关），或者读内存（查看开关如何设

置，不过不做任何改变）。

但是我们怎么告诉 Python 要把一个东西放在内存中的某个位置呢？另外，放在

那里之后，又怎么再把它找回来呢？

在 Python 中，如果希望程序记住某个东西，以便你以后使用，所要做的就是给

这个“东西”起一个名字。Python 会在计算机的内存中为这个“东西”留出位置，

可能是数字、文本、图片或者音乐。下次想要引用这个东西时，只需要使用同一个

名字。
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2.2　名字　　17

　　在计算机内存中的某个位

置，字母序列 "Mr.Morton"已经

存在。你不需要准确地知道它们

到底在哪里。只需要告诉 Python
这个字母序列的名字是 Teacher，

从现在开始就要通过这个名字来

引用这个字母序列。名字就像标

签或者不干胶便条，你可以用它

来标识一些东西。

　在一个东西两边加上引号时，Python 会按字面来处理

它。它会把引号里的内容原样打印出来。如果没有加引号，

Python 就必须明确这个东西到底是什么。这可能是数字（如

5）、表达式（比如 5 + 3）或者名字（如 Teacher）。由于我们创建了名字 Teacher，

所以 Python 会打印这个名字里的内容，这正是字母序列 "Mr. Morton"。

下面还是在交互模式中使用 Python，对名字多做一些研究吧。

2.2　名字

再回到 Python Shell 窗口。（如果完成第 1 章中的例子后关闭了 IDLE，现在要再

打开它。）在提示符后面键入： >>> Teacher = "Mr. Morton"
>>> print Teacher

（记住，>>> 是 Python 显示的提示符。你只需要键入它后面的内容，然后按回车。）

你会看到下面的结果： Mr. Morton
>>>

你刚才创建了一个由字母 "Mr. Morton"组

成的东西，并且给它起了一个名字 Teacher。

这 里 的 等 号（=） 告 诉 Python 要 赋 值

（assign）或者“让……等于……”。这里把字母

序列 "Mr.Morton"赋值给名字 Teacher。

我键入的是 >>> print 
Teacher，为什么没有
打印出 "Teacher"？

打印出来的是
"Mr. Morton"。
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18　　第 2 章　记住内存和变量

这就像有人在说，“请写下你的地址”，你肯定不

会这样写（如右图）：
你的地址

你的地址

哈哈！

你可能会这样写：

如果写成“你的地址”，就是在按字面看这句话。除非加上引号，否则 Python 不

会按字面来处理。下面来看另一个例子： >>> print "53 + 28"
53 + 28
>>> print 53 + 28
81

有引号时，Python 会直接照你所说显示输出：53 + 28。

没有引号时，Python 把 53 + 28 处理为一个算术表达式，它会计算这个表达式。

在这里，这是一个两数相加的表达式，所以 Python 会给出它们的和。

术语箱
算术表达式（arithmetic expression）是数字和符号的一个组合，Python 可以

算出它的值。

计算（evaluate）就表示“算出……的值”。

Python 要确定需要多少内存来存储这些字母，以及要使用哪一部分内存。要获

取信息（取回信息），只需要再使用同样的名字。我们使用 print关键字并提供名

字，这会在屏幕上显示具体的内容（如数字或文本）。

（不过，也许卡特会这么干，

因为他总是喜欢调皮捣蛋……）
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#
!/bin/env

python
#
Paginateatextfile,adding

a
header

andfooterimportsys,time,st
rin

g

#Ifnoargumentsweregiven,printahelpfulmessageiflen(sys.ar
gv)!=

2:p
rint

'Us

ag
e:
py
pr
in
t
fi
le
na
me
's
ys
.e
xi
t(
0)
cl

ass

#
In
cr
em
en
t
th
e
pa
ge
co
un
t,
an
d
re
se
t
th
e
li
ne
co
un
t
se
lf
.he

ade
r_w

rit
te
n=
1;
se
lf
.c
ou
nt
=1
;#
!/
bin

/en

vpyt
hon

#

Pa
gin
at
e
a
te
xt
fi
le
,a
dd
ing

ahe
ad
er
an
df

oot
erim

portsys,time,string# Ifnoarguments

we
reg

iven,printahelpfulmessageiflen(sys.argv)
!=2:print'Usage:pyprintf

self.page=self.page+1PrinterFormatter:self.header_written=0def#Incrementthepagecount,and
reset

the
line

count
print>>>Helloif

#

pri
nt>>>Helloif#

print>>>Helloif
#

像程序员一样思考

把 一 个 值 赋 给 一 个 名 字 时（如 把 值“Mr. 
Morton”赋给 Teacher），它会存储在内存中，称为

变量（variable）。在大多数编程语言中，都把这称为

“把值存储（store）在变量中”。

不过 Python 与大多数其他计算机语

言的做法稍有不同。它并不是把值存储在变量

中，而更像是把名字放在值上。

有些 Python 程序员说，Python 没

有“变量”，而是只有“名字”。不过其

实它们的行为基本上是一样的。这是一本关于编

程的书（只不过刚好使用了 Python），而不是专门

讨论 Python 的。所以谈到 Python 名时，我们可能

会交替使用变量（variable）、名字（name）或变量

名（variable name）等不同的术语。实际上，只要

你理解变量有什么表现以及在程序中如何使用

变量，怎么称呼并不重要。

顺便说一句，Guido van Rossum（也就

是创建 Python 的那个人）在他的 Python 教程

中曾经这样讲：“‘=’符号用来将一个值赋给一个

变量。”所以我猜他认为 Python 是有变量的！

TOM

W
a
r
r
en

CARTER

Martin

ANDY

一种简洁的存储方法

在 Python 中使用名字就像是干洗店给衣服加标

签。你的衣服挂在晾衣架上，上面附着写有你的名

字的标签，这些衣服都挂在一个巨大的旋转吊架上。

你回来取衣服时，并不需要知道它们存放在这个大

型吊架的具体哪个位置。只需要提供你的名字，干

洗店的人就会把衣服交还给你。实际上，你的衣服

可能并不在原先所放的位置。不过干洗店的人会为

你记录衣服的位置。要取回你的衣服，只需要提供

你的名字。

变量也一样。你不需要准确地知道信息存储在

内存中的哪个位置。只需要记住存储变量时所用的

名字，再使用这个名字就可以了。
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20　　第 2 章　记住内存和变量

除了字母，还可以为其他内容创建变量。可以给数值指定名字。你应该还记得

前面的例子： >>> 5 + 3
8

下面用变量来完成这个例子： >>> First = 5
>>> Second = 3
>>> print First + Second
8

在这里，我们创建了两个名字 First和 Second。数字 5赋给 First，数字 3赋

给 Second。然后用 print把这两个数的和打印出来。下面是完成这个例子的另一种

做法。你可以试试看： >>> Third = First + Second
>>> Third
8

注意这里的做法。在交互模式中，只需键入变量名就可以显示这

个变量的值，而不必使用 print。（不过程序中可不行。）

在这个例子中，并没有在 print指令中求和，而是先取 First的值和 Second

的值，将二者相加，创建一个新的值，名为 Third。Third是 First和 Second的和。

同一个东西可以有多个名字，可以

在交互模式中试试这个指令：
>>> MyTeacher = "Mrs. Goodyear"
>>> YourTeacher = MyTeacher
>>> MyTeacher
"Mrs. Goodyear"
>>> YourTeacher
"Mrs. Goodyear"

这就像在同一个东西上贴两个标签。

一个标签写着 YourTeacher，另一个标签

写着 MyTeacher，不过它们都贴在 "Mrs. 

Goodyear" 上。

                          
5 + 3 = 8
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卡特，这个问题问得好。答案是：不

会。实际上，修改这个名字会创建一个新

的 值 "Mrs.Tysick"。 标 签 MyTeacher 会

从 "Mrs.Goodyear" 上 撕 掉，贴 到 "Mrs. 

Tysick"上。你仍然有两个不同的名字（两

个标签），不过，现在它们分别贴在两个不

同的东西上，而不再贴在同一个东西上了。

如果把 MyTeacher 
改成“Mrs. Tysick”， 
YourTeacher也会

改成“Mrs. Tysick”
吗？

2.3　名字里是什么

可以给变量取你喜欢的任何名字（严格地说，应该是几乎任何名字）。名字长短

由你来定，里面可以有字母和数字，还可以有下划线（_）。

不过对于变量名还有几条规则。最重要的一点是名字是区分大小写的，即大写

和小写是不同的。所以 teacher和 TEACHER是两个完全不同的名字。同样，first

和 First也不相同。

另一条规则是变量名必须以字母或下划线字符开头。不能以数字开头，所以

4fun不能作为变量名。

还有一条规则，变量名中不能包含空格。

如果你想知道 Python 中有关变量名的所有规则，可以查看本书后面的附录 A。

从前的美好时光

在一些较早的编程语言中，变量名的长度只能是一个字

母，而且有些计算机只有大写字母，这说明变量名只有 26 种选

择：A～Z ！如果程序中需要的变量超过 26 个，那就难办了！
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2.4　数字和字符串

目前为止，我们已经为字母（文本）和数字创建了变量。不过，在前面的加法

例子中，Python 怎么知道我们指的是数字 5 和 3，而不是字符“5”和“3”呢？就像

前面这句话一样，正是引号带来了差别。

字符或字符序列（字母、数字或标点符号）称为一个字符串（string）。要告诉

Python 你在创建一个字符串，就要在字符两边加上引号。至于使用单引号还是双引

号，Python 并不太挑剔。单引号和双引号都是可以的：

21 CHAPTER 2 Remember This— Memory and Variables

Numbers and strings
So far, we have made variables for both letters (text) and numbers. But in our addition 
example, how did Python know that we meant the numbers 5 and 3, and not the characters 
“5” and “3”? Well, just like in the last sentence, the quote marks make all the difference. 

A character, or series of characters (letters, numbers, or punctuation), is called a string. The 
way you tell Python that you are making a string is to put quotes around the characters. 
Python is not too fussy about whether you use single or double quotes. 
Either of these will work:

But you do have to use the same kind of quotes at the start and the end of the string. 

If we type in a number without quotes, Python knows we mean the numerical value, not the 
character. Try this to see the difference:  

Without the quotes, the 5 and 3 were treated as numbers, so we got the sum. With quotes, 
the ‘5’ and ‘3’ were treated as strings, so we got the two characters “added” together, or ‘53’. 
You can also add strings of letters 
together, like we saw in chapter 1:

Notice that, when you add two strings together like this, there is no space between them. 
They get jammed right together. 

>>> teacher = "Mr. Morton"

>>> teacher = 'Mr. Morton'

Double quotes

Single quotes

>>> first = 5
>>> second = 3
>>> first + second
8
>>> first = '5'
>>> second = '3'
>>> first + second
'53'

>>> print "cat" + "dog"
catdog

Concatenate
It’s not really correct to say “added” when talking about 
strings (like we just did). When you put characters or 
strings together to make a longer string, there is a 
special name for it. Instead of “adding” (which is only 
for numbers), it is called concatenation. This sounds 
like kon-kat-en-ay-shun. 

We say that you concatenate two strings.

双引号

单引号

不过，字符串的开头和结尾必须使用同种类型的引号（要么都是双引号，要么

都是单引号）。

如果键入一个数字而没有加引号，Python 就会知道这表示数值，而不是字符。

可以试试看二者的区别： >>> first = 5
>>> second = 3
>>> first + second
8
>>> first = '5'
>>> second = '3'
>>> first + second
'53'

没有引号时，5 和 3 都处理为数字，所以我们会得到二者的和。有引号时，'5'
和 '3' 处理为字符串，所以会得到两个字符“相加”的结果，也就是 '53'。还可以把

由字母构成的字符串“加”在一起，第 1 章中已经见过这样的例子：

要注意，像这样将两个字符串相加时，它们之间没有空格。两个字符串会紧紧地

拼接在一起。

>>> print "cat" + "dog"
catdog

注意！这个词有意思！
拼接

谈到字符串时我们说把它们“相加”（刚才就这么说过），不过这并不完全正

确。把字符或字符串放在一起构成更长的字符串时，有一个特殊的称呼。并不是

“相加”（相加只适用于数字），而是称为拼接（concatenation）。

我们会说拼接两个字符串。
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长字符串

如果希望得到一个跨多行的字符串，必须使用一种特殊的字符串，称为三重引

号字符串（triple-quoted string），就像下面这样：

long_string = """Sing a song of sixpence, a pocket full of rye,
Four and twenty blackbirds baked in a pie.
When the pie was opened the birds began to sing.
Wasn't that a dainty dish to set before the king?"""

这种字符串以 3 个引号开头和结尾。所用的引号可以是双引号也可以是单引号，

所以也可以写成下面的形式：

long_string = '''Sing a song of sixpence, a pocket full of rye,
Four and twenty blackbirds baked in a pie.
When the pie was opened the birds began to sing.
Wasn't that a dainty dish to set before the king?'''

如果希望多行文本显示在一起，而且你不希望每一行都使用一个单独的字符串，

在这种情况下，三重引号字符串就非常有用。

2.5　它们有多“可变”

变量之所以叫做“变量”是有原因的，就是因为它们是……怎么说呢……是可

变的！这是指你可以改变赋给它们的值。在 Python 中，这就要创建一个与原先不同

的新东西，并把旧标签（名字）贴到这个新东西上。上一节中我们就采用这种方式

改变了 MyTeacher。我们将标签 MyTeacher从 "Mrs. Goodyear"上取下来，把它贴

到一个新东西 "Mrs. Tysick"上。这样就为 MyTeacher赋了一个新值。

下面再来试一个例子。还记得之前创建

的变量 Teacher吗？嗯，如果你还没有关闭

IDLE，这个变量就还在。可以检查看看：

>>> Teacher
'Mr. Morton'

没错，确实还在。不过现在可以把它改成其他内容：

>>> Teacher = 'Mr. Smith'
>>> Teacher 
'Mr. Smith'

我们创建了一个新东西 "Mr. Smith"，并把它命名为 Teacher。我们的标签从原

来的值上取下来，贴到了这个新东西上。不过原来的 "Mr. Morton"怎么样了呢？
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24　　第 2 章　记住内存和变量

应该记得，一个东西可以有多个名字（上

面可以贴多个标签）。如果 "Mr. Morton"上

还有另一个标签，那么它还在计算机的内存

里。不过，如果它上面再没有任何标签了，

Python 就会发现再没有人需要它了，所以会把

它从内存中删除。

这样一来，内存中就不会塞满那些没人用

的东西。Python 会自动完成所有这些清理工

作，根本不用你操心。

还有一点很重要，这里并没有真的把 "Mr. Morton"改成 "Mr. Smith"。我们

只是把标签从一个东西移到另一个东西上（重新指派名字）。Python 中有些东西（如

数字和字符串）是不能改变的。你可以把它们的名字重新指派到其他东西上（就像

我们刚才所做的一样），但是并不能对原先的东西做任何改变。

Python 中还有一些东西是可以改变的。第 12 章介绍列表（list）时我们会更多地

讨论这方面的内容。

2.6　全新的我

还可以创建一个等于自己的变量： >>> Score = 7
>>> Score = Score

我敢打赌，你肯定在想：“什么嘛，这一点儿用都没有！”你的想法没错。这实

际上就是在说“我是我”。不过，稍稍做点改变，你就能成为一个全新的你！试试看：

23 CHAPTER 2 Remember This— Memory and Variables

Remember that things can have more than one name 
(more than one tag stuck on them). If “Mr. Morton” 
still has another tag on it, then it stays in the 
computer’s memory. But if it no longer has any tags, 
Python figures that no one needs it anymore, so it 
gets deleted from memory. 

That way, the memory doesn’t fill up with things that 
nobody is using. Python does all this cleanup auto-
matically, and you don’t have to worry about it.

An important thing to know is that we didn’t actually change “Mr. Morton” into “Mr. Smith”. 
We just moved the tag (reassigned the name) from one thing to the other. Some kinds of 
things in Python (like numbers and strings) cannot be changed. You can reassign their 
names to something else (like we just did), but you can’t change the original thing.

There are other kinds of things in Python that can be changed. We will learn more about 
this in chapter 12, when we talk about lists.

The new me
You can also make a variable equal to itself:

I bet you’re thinking, “Well, that’s pretty useless!” And you’d be right. It’s kind of like saying 
“I am me.” But with a small change, you can 
become a whole new you! Try this:

What happened here? In the first line, the Score tag was stuck on the value 7. We made a 
new thing, which was Score + 1, or 7 + 1. That new thing is 8. Then we took the Score tag 
off the old thing (7) and stuck it on the new thing (8). So Score has been reassigned from 7 
to 8. 

Whenever we make a variable equal something, the variable always appears on the left side 
of the equal sign (=). The trick is that the variable can also appear on the right. This turns 
out to be quite useful, and you’ll see it in a lot of programs. The most common use is to 
increment a variable (increase it by a certain amount), like we just did, or the opposite, to 
decrement a variable (decrease it by a certain amount). 

Tag Moved

>>> Score = 7
>>> Score = Score

>>> Score = Score + 1
>>> print Score
8

Changes Score 
from 7 to 8

把 Score 从
7 改为 8

这里发生了什么？在第一行中，Score标签本来贴在值 7上。我们创建了一个

新东西：Score + 1，也就是 7 + 1。这个新东西是 8。然后把 Score标签从原来的

东西（7）上取下来，贴到这个新东西（8）上。所以 Score从 7重新指派到 8。

要让变量等于某个东西，这个变量总会出现在等号（=）左边。巧妙的是，变

量也可以出现在等号右边。这很有用，在很多程序中都会看到。最常见的用法是让

变量自增（increment），也就是让它增加某个量（就像前面所做的），或者与之相反，

也可以让变量自减（decrement），让它减少某个量。

标签被移走
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开始时�� Score = 7。
让它增加 1（得到 8），创建一个新东西。��

把名字�� Score赋给这个新东西。

这样一来，Score就从 7 变成了 8。

关于变量，有几个重要的问题必须记住。

程序可以在任何时间对变量重新赋值（把标签贴在新东西上）。这一点很重��

要，必须记住，因为编程中最常见的 bug 就是改变了不该改变的变量，或者

尽管改变的变量无误，但是时机不合适。

要避免这种情况，有效的方法是使用容易记的变量名。我们可能用过下面这

两个变量名：

t = 'Mr. Morton'

或

x1796vc47blahblah = 'Mr. Morton'

不过这样在程序中会很难记住。如果使用这些变量名，出错的可能性会更

大。应该尽量使用能够说明用途的名字，可以告诉你变量要用来做什么。

变量名区分大小写。这说明大写和小写是不同的。所以�� teacher和 Teacher

是两个完全不同的名字。

记住，如果想了解 Python 的所有变量命名规则，可以查看附录 A。

Score

Score

Score

#
!/bin/env

python#Paginateatextfile,addingaheaderandfooterimportsys,time,string#Ifnoargu
ments

weregiven,prin
ta

he

lp
fu
l
me
ss
ag
e
if
le
n(
sy
s.
ar
gv
)!
=2
:p
rin
t'

Usage
:p

yp
ri
nt
fil

en
am

e'
sy
s.
ex
it(

0)c
las
s#

Incre
mentthe

pagecount,andresetthelinecountse
lf.header_written=1;self.count=1;self.page=self.page+1PrinterFormatter:self.header_written=0def

#
Increment

 

print
>>>Hello

if
#

print>>>Hello

if
#

print
>>>Hello

if
# 像程序员一样思考

我们曾经说过，你可以为变量取任何名字（不过前

提是要满足命名规则），这一点不假。你可以把变

量叫做 teacher或者 Teacher，这两个名字都

是可以的。

专业的 Python 程序员给变量命名时几乎总是

以小写字母开头，其他计算机语言可能会采用不同

风格。是否遵循 Python 风格由你来决定。因为我们使用

的是 Python，所以这本书后面都会遵循这种风格。
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你学到了什么

这一章中，你学到了以下内容。

如何使用变量在计算机内存中“记住”或保存信息。��

变量也叫做“名字”或“变量名”。��

变量可以是不同类型的东西，如数字和字符串。��

测试题

1. 如何告诉 Python 变量是字符串（字符）而不是数字？

2. 一旦创建一个变量，能不能改变赋给这个变量的值？

3. 变量名 TEACHER与 TEACHEr相同吗？

4. 对 Python 来说，'Blah'与 "Blah"一样吗？

5. 对 Python 来说，'4'是不是等同于 4 ？

6. 下面哪个变量名不正确？为什么？

(a) Teacher2
(b) 2Teacher
(c) teacher_25
(d) TeaCher

7. "10"是数字还是字符串？

动手试一试

1.  创建一个变量，并给它赋一个数值（任何数值都行）。然后使用 print显示这

个变量。

2.  改变这个变量，可以用一个新值替换原来的值，或者将原来的值增加某个量。

使用 print显示这个新值。

3.  创建另一个变量，并赋给它一个字符串（某个文本）。然后使用 print显示这

个变量。

4.  像上一章一样，在交互模式中让 Python 计算一周有多少分钟。不过，这一次

要使用变量。以 DaysPerWeek（每周天数）、HoursPerDay（每天小时数）和

MinutesPerHour（每小时分钟数）为名分别创建变量（或者也可以用自己取

的变量名），然后将它们相乘。

5.  人们总是说没有足够的时间做到尽善尽美。如果一天有 26 个小时，那么一周

会有多少分钟呢？（提示：改变 HoursPerDay变量。）
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第 3 章

基本数学运算

刚开始在交互模式中使用 Python 时，我们已经看到它可以完成简单的算术运算。

现在来看 Python 还能对数字做些什么，还能完成哪些数学运算。也许你没有意识到，

不过要知道，数学确实无处不在！特别是在编程中，我们一直都在使用数

学。这并不是说你必须成为一位数学大师才能学习编程，不

过可以想想看……每个游戏都有某种需要累计的分数；在

屏幕上绘制图形时必须使用数字来确定图形的位

置和颜色；移动的物体会有方向和速度，这

都要用数字来描述。所有有意思的程序

几乎都会以某种方式使用

数字和数学。所以下面

就来学习 Python 中

有关数学和数字的

一些基础知识。
z 
= 
(a
 +
3)
 *
* 
2 
+ 
30

sp
ee
d 
= 
2.
85
31
97
e-
15

(2
+5
)*
37

顺便说一句，这里学习的很多知识同样适用于其他编程语言，也可以在

电子表格之类的其他程序中使用。并不是只有 Python 采用这种方式完成数

学运算。

3.1　四大基本运算

在第 1 章中我们已经看到 Python 可以做一些数学运算：使用加号（+）完成加

法，另外使用星号（*）完成乘法。
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28　　第 3 章　基本数学运算

如你所料，Python 使用连字号（-）（也称为减号）来做减法：

>>> print 8 – 5
3

由于计算机键盘上没有除号（÷），所以所有程序都使用前斜杠（/）表示除法。

>>> print 6/2
3

这是对的。不过有时 Python 做除法时会得到意外的结果： >>> print 3/2
1

咦？我还以为计算机精通数学计算呢，原来不过如此！所有人都知道 

3 / 2 = 1.5

这到底怎么回事？

嗯，虽然看起来好像很傻，其实 Python 确实想表现得聪明一些。要解释这个问题，

你要知道整数和小数。如果你还不知道它们的区别，先来看看术语箱中简单的解释。

术语箱
整数（integer）就是我们平常数数时所说的数，如 1、2、3，另外还包括 0

和负数，如 -1、-2、-3。

小数（decimal number）也称为实数（real number），这些数有小数点而且

后面有小数位，如 1.25、0.3752 和 -101.2。

在计算机编程中，小数也称为浮点数（floating-point number，有时简写为

floats，或者如果只有一个浮点数，就简写为 float）。这是因为小数点会“浮动”。

0.00123456 或 12345.6 都是浮点数。

因为你输入的 3 和 2 都是整数，所以 Python 认为你同样想要整数作为答案。所

以它会把答案 1.5 取整为比它小且最接近的整数，也就是 1。换句话说，Python 完成

了不带余数的除法。

要解决这个问题，可以这样试试看： >>> print 3.0 / 2
1.5

这样就好多了！如果把两个数中的任何一个作为小数输入，Python 就会知道你

想在答案中保留小数部分。
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切记！

要记住 Python 2 的这种整除行

为。这很重要，很多 Python 程序员

（包括我自己）都曾经因为忘记这一

点犯过错。

整除
在 Python 2 中，做除法的方式称为“整除”（floor division）。但 Python 3

的工作方式不一样，在 Python 3 中，如果你使用常规的除法操作符（前斜杠

“/”），则做的是常规除法，而不是整除。

>>> print 3/2
1.5

要在 Python 3 中做整除，需要使用两个前斜杠（//）：

>>> print 3//2
1

这是 Python 2 和 Python 3 最显著的区别之一，也是导致很多 Python 2 程

序与 Python 3 程序不兼容的原因。

3.2　操作符

+、-、*和 / 符号都称为操作符。这是因为它们会“操作”或处理放在符号两边

的数字。= 号也是一个操作符，这称为赋值操作符（assignment operator），因为我们

用它为一个变量赋值。
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注意！这个词有意思！
操作符（operator）就是会对它两边的东西有影响或者有“操作”的符号。这

种影响可能是赋值、检查或者改变一个或多个这样的东西。

完成算术运算的 +、-、*和 / 符号都是操作符。

所操作的东西称为操作数（operand）。

myNumber + yourNumber

操作数 操作数操作符

我在学校学过，加法里的
操作数也叫做加数。

3.3　运算顺序

下面哪一个正确？

2 + 3 * 4 = 20

还是

2 + 3 * 4 = 14

这要看你采用什么顺序来计算。如果先做加法，会得到

2 + 3 = 5，

然后得到
5 * 4 = 20

如果先做乘法，就会得到
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如果希望改变运算顺序，先完成某个运算，只需要在它两边

加上括号（圆括号），比如： >>> print (2 + 3) * 4
20

这一次，Python 会先做 2 + 3（因为有括号），可以得到 5，
然后再做乘法 5 * 4，得到 20。

但是如果我确实
想先算 2 + 3 该

怎么办呢？

再强调一次，这与数学课上讲的是一样的。Python（和所有其他编程语言）都

会遵循正确的数学规则和运算顺序。

Python 使用的顺序与你在数学课上学

到的（或者将要学到的）规则完全相同。指

数运算最优先，然后是乘除，再后面是加减 
运算。

3 * 4 = 12，

然后是
2 + 12 = 14

第二个顺序是正确的，所以正确答案是 14。在数学中有一种运算顺序（order of 
operation），指定了先计算哪些操作符，后计算哪些操作符，而不管它们的书写顺序

如何。

在我们的这个例子中，尽管 + 号在 *号前面，但是应当先算乘法。Python 会遵

循正确的数学规则，所以它会先做乘法再做加法。可以在交互模式中试试看，看看

能不能得到这个结果： >>> print 2 + 3 * 4
14

你有括号！到前面来，我先算你。
下一个是我！
下一个是我！
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3.4　另外两个操作符

还有两个算术操作符要告诉你。程序中需要的 99% 的操作符就是这两个操作符

再加上前面刚讲的 4 个基本操作符。

指数—自乘为一个幂

如果把 3 乘 5 次，可以写成 >>> print 3 * 3 * 3 * 3 * 3
243

 

不过，这就等同于 35，或者“3 的指数为 5”，也就是“3 的 5 次幂”。Python 用

一个双星号表示指数或者将一个数自乘为一个幂。 >>> print 3 ** 5
243

之所以使用指数而不是直接做多次乘法，这是因为键入时会更容易一些。不过

更重要的原因是，利用 ** 还可以用非整数作为指数，如下：

>>> print 3 ** 5.5
420.888346239

要想利用乘法来做到这一点可不容易。

取余—求余数

在 Python 中第一次尝试除法时，我们已经看到，如果将两个整数相除，Python 2 

切记！

很多语言和程序可能使用其他符号来表

示自乘为一个幂。一种常用的符号是 ^ （例如

3^5）。如果在 Python 中使用这个符号，你不会

得到一个错误消息，只不过答案不正确。（这是

因为，^ 在 Python 中另有含义——我们可不希

望这样！）这个问题可能很难调试。一定要使

用 **操作符表示自乘为一个幂 [ 也称为求幂

（exponentiation）]。
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会给你一个整数答案。（Python 3 使用 // 操作符。）也就是说，它在完成整数除法。

不过，在整数除法中，答案实际上有两部分。

还记得刚开始学除法吗？如果两个数不能整除，最后会得到一个余数（remainder）：

7 / 2 = 3，余数是 1

7 / 2 的答案中有一个商（quotient），在这里就是 3，还有一个余数（remainder），
这里的余数是 1。如果在 Python 中将两个整数相除，它会给你商。不过余数呢？

Python 有一个特殊的操作符来计算整数相除的余数。这称为取余（modulus）操

作符，这个符号是百分号（%）。可以像这样使用： >>> print 7 % 2
1

所以如果同时使用 / 和 %，就可以得到整数相除的完整答案：

>>> print 7 / 2
3
>>> print 7 % 2
1

可以看到，7 除以 2 得 3，余数是 1。如果做浮点数除法，会得到小数答案：

>>> print 7.0 / 2
3.5

我还知道一种操作
   符—电话接线员！
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自增和自减

还记得上一章中的例子：score = score + 1吗？我们说过，这称为自增

（incrementing）。与它类似的是 score = score – 1，这称为自减（decrementing）。
这些运算在编程中经常出现，因此有自己专门的操作符：+=（自增）和 -=（自减）。

可以像这样使用：

                   或者：

　　　　　　　　

33 CHAPTER 3 Basic Math

What's that letter ‘e’ 
doing in the middle of

the number?

S

Increment and decrement

Remember the example from the last chapter: score = score + 1? We said that was called 
incrementing. A similar thing is score = score - 1, which is called decrementing. These are 
done so often in programming that they have their own operators: += (increment) and -= 
(decrement).

You use them like this:

                                    or 

The first one adds one to the number. (It changes from 7 to 8.) The second one subtracts 
one from the number. (It changes from 7 to 6.)

Really big and really small

Remember, in chapter 1, when we multiplied those two really big numbers together? We 
got a very big number for the answer. Sometimes, Python shows you big numbers a bit 
differently. Try this 
in interactive mode:

(It doesn’t matter exactly what numbers you type in—any big numbers with decimals
will do.)

The e is one way of displaying really big or really small 
numbers on a computer. It’s called E-notation. When we’re 
working with really big (or really small) numbers, showing 
all the digits and decimal places can be kind of a pain. 
These kinds of numbers show up a lot in math and science. 

>>> number = 7
>>> number += 1
>>> print number
8

number increased by 1

>>> number = 7
>>> number -= 1
>>> print number
6

number decreased by 1

>>> print 9938712345656.34 * 4823459023067.456
4.79389717413e+025
>>>

number 增 1

number 减 1

其中第一个例子将 number增 1（这会从 7 变成 8）。第二个例子将 number减去 1
（从 7 变成 6）。

3.5　非常大和非常小

还记得第 1 章中将两个非常大的数相乘吗？我们得到的答案也是一个非常大的数。

S

实 际 上， 既 然 你 提 到 了 这 一

点，应该说操作符和操作员确实很接

近……就像老式电话接线员连接电话

一样，算术操作符按同样的方式把数

字连接在一起。

我想告诉你的还有另外两个操作符。我知道，我刚

才已经说过只再讲两个，不过别担心，这两个操作符非

常容易！
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有时 Python 会用一种稍微不同的方式显示非常大的数。可以在交互模式中试试看：

>>> print 9938712345656.34 * 4823459023067.456
4.79389717413e+025
>>>

（具体键入什么数并不重要—任何包含小数的大数值都可以。）

S

这个 e 是计算机中显示非常大或非常小的数时采用的

一种方法。这叫做 E 记法（E-notation）。处理非常大（或

非常小）的数时，要把所有数字以及小数位都显示出来可能

很费劲。这种数在数学和科学领域经常出现。例如，如果一

个天文程序要显示从地球到 Alpha Centaur 星的公里数，可

能会显示为 38000000000000000 或者 38 000 000 000 000 000
（38 后面有 15 个 0）。不论哪种方式，数完所有这些 0 都会

这个数中间的字母 
e 做什么用？

让你累得够呛。

显示这些数还有另一种方式，就是使用科学计数法（scientific notation），就是一

个小数再乘以一个 10 的幂。在科学计数法中，地球到 Alpha Centauri 的距离可以写

作：3.8 × 1016（看到了吗，16 抬高了，而且要小一点）。这读作“3.8 乘以 10 的 16
次幂”或者“3.8 乘以 10 的 16 次方”。它的意思就是，把 3.8 的小数点向右移 16 位，

并在这个过程中根据需要补 0。

如果可以像这里一样，把 16 写作指数，稍稍抬高一点，再写得小一点，科学计数

法就很适用。如果你用纸和笔，或者使用一个支持上标的程序，就可以用科学计数法。

34 Hello World!

For example, if an astronomy program was displaying the number of kilometers from Earth 
to the star Alpha Centauri, it could show 38000000000000000 or 38,000,000,000,000,000 or 
38 000 000 000 000 000. (That’s 38 quintillion kilometers!) But either way, you would get 
tired of counting all those zeros. 

Another way to display this number is to use scientific notation, which uses powers of 10 
along with decimal numbers. In scientific notation, the distance to Alpha Centauri would be 
written like this: 3.8 x 1016. (See how the 16 is raised above the line, and is smaller?) This 
reads as “three point eight times ten to the power of sixteen” or “three point eight times ten 
to the sixteenth.” What it means is you take 3.8 and move the decimal point sixteen places 
to the right, adding zeros as needed. 

Scientific notation is great if you can write the 16 as an exponent, raised above the line and 
smaller, like we did here. If you are working with pencil and paper, or a program that sup-
ports superscripts, then you can use scientific notation. 

But you can’t always use superscripts, so another way to show the same thing is E-notation. 
E-notation is just another way of writing scientific notation.

E-notation

In E-notation, our number would be 3.8E16 or 3.8e16. This reads as “three point eight expo-
nent sixteen” or “three point eight e sixteen” for short. It is assumed that the exponent is a 
power of 10. That’s the same as writing 3.8x1016.

3.800000000000000000000

380000000000000000.0 = 3.8 x 1016

Move the decimal right 16 places.

Superscript means a character or characters that are raised 
above the rest of the text, like this: 1013. The 13 here is the 
superscript. Usually, superscripts are also smaller than the 
main text. 

Subscripts are similar, but they’re characters that are below 
the rest of the text and smaller, like this: log2. The 2 here 
is a subscript.

小数点右移 16 位。

图灵社区会员 FreeLink 专享 尊重版权



36　　第 3 章　基本数学运算

术语箱
上标（superscript）是指一个字符或一组字符比其余文本高一些，例如 1013。

这里的 13 就是上标。通常上标还要比正文小一点。

下标（subscript）也类似，不过这些字符会比其余文本低，同样也会小一点，

比如 log2。这里的 2 就是一个下标。

不过并不是哪里都能使用上标，所以还有另一种方法，就是 E 记法。E 记法只

是科学计数法的另一种写法。

E 记法

在 E 记法中，这个数要写作 3.8E16 或者 3.8e16。读作“3.8 指数 16”或者简读

作“3.8 e 16”。这里假设指数是 10 的幂。这就等同于写成 3.8×1016。

在大多数程序和计算机语言（包括 Python）中，大写和小写 E 都是

允许的。

对于非常小的数，如 0.0000000000001752，可以使用一个负指数。科学计数法

会写作 1.752×10-13，E 记法会写作 1.752e–13。负指数表示要把小数点向左移而不是

向右移。

35 CHAPTER 3 Basic Math

Most programs and computer languages, including Python, let you use either
an uppercase or lowercase E.

For very small numbers, like 0.0000000000001752, a negative exponent is used. The scien-
tific notation would be 1.752x10-13, and the E-notation would be 1.752e-13. A negative 
exponent means to move the decimal place to the left instead of the right.

You can use E-notation to enter very big and very small numbers (or any number, for that 
matter) into Python. Later we will see how to make Python print numbers using E-notation.

Try entering some numbers in E-notation:

Although we entered the numbers in E-notation, the answer came out as a regular decimal 
number. That’s because Python won’t display numbers in E-notation unless you specifically 
tell it to, or the numbers are really big or really small (lots of zeros). 

Try this:

This time, Python displayed the answer in E-notation automatically, because it wouldn’t 
make sense to display a number with 73 zeros!

If you want numbers like 14,500,000 to display in E-notation, you need to give Python spe-
cial instructions. We’ll learn more about that later in the book (in chapter 21).

00000000000000001.752

0.0000000000001752 = 1.752e-13

Move the decimal left 13 places. 

>>> a = 2.5e6
>>> b = 1.2e7
>>> print a + b
14500000.0
>>>

>>> c = 2.6e75
>>> d = 1.2e74
>>> print c + d
2.72e+075
>>>

                小数点左移 13 位

采用 E 记法，可以在 Python 中输入非常大和非常小的数（或者可以是任何数）。

后面我们还会学习如何让 Python 使用 E 记法打印数。

试试采用 E 记法输入一些数： >>> a = 2.5e6
>>> b = 1.2e7
>>> print a + b
14500000.0

尽管我们用 E 记法输入了数，但得出的答案却是一个常规的小数。这是因为，

除非你特别要求，或者数字确实非常大或非常小（有很多个 0），否则 Python 不会用

E 记法显示数字。

35 CHAPTER 3 Basic Math

Most programs and computer languages, including Python, let you use either
an uppercase or lowercase E.

For very small numbers, like 0.0000000000001752, a negative exponent is used. The scien-
tific notation would be 1.752x10-13, and the E-notation would be 1.752e-13. A negative 
exponent means to move the decimal place to the left instead of the right.

You can use E-notation to enter very big and very small numbers (or any number, for that 
matter) into Python. Later we will see how to make Python print numbers using E-notation.

Try entering some numbers in E-notation:

Although we entered the numbers in E-notation, the answer came out as a regular decimal 
number. That’s because Python won’t display numbers in E-notation unless you specifically 
tell it to, or the numbers are really big or really small (lots of zeros). 

Try this:

This time, Python displayed the answer in E-notation automatically, because it wouldn’t 
make sense to display a number with 73 zeros!

If you want numbers like 14,500,000 to display in E-notation, you need to give Python spe-
cial instructions. We’ll learn more about that later in the book (in chapter 21).

00000000000000001.752

0.0000000000001752 = 1.752e-13

Move the decimal left 13 places. 

>>> a = 2.5e6
>>> b = 1.2e7
>>> print a + b
14500000.0
>>>

>>> c = 2.6e75
>>> d = 1.2e74
>>> print c + d
2.72e+075
>>>
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可以试试看： >>> c = 2.6e75
>>> d = 1.2e74
>>> print c + d
2.72e+75

这一次 Python 会自动用 E 记法显示答案，因为显示一个有 73 个 0 的数太不可

思议了！

如果希望用 E 记法显示类似 14 500 000 的数，需要给 Python 下达一些特殊的指

令。我们将在本书的第 21 章学习更多相关内容。

没错，伙计！没什么可
担心的，对不对？编程

实在是小菜一碟！

如果你还不太理解 E 记法到底是怎么回事，不用担

心。这本书后面的程序中不会用到它。我只是想让你了

解一下它的原理，没准以后你会用到。

如果使用 Python 来完成一些数学运算，得到的答案

是一个类似 5.673745e16 的数，至少现在你知道这是一个

非常大的数，而不是出现了什么错误。

指数与 E 记法

不要把自乘得到幂（也称为求幂）和 E 记法弄混了。

3�� **5 表示 35，或“3 的 5 次幂”，也就是 3 * 3 * 3 * 3 * 3，等于 243。
3e5 表示 3 �� * 105 或者“3 乘以 10 的 5 次幂”，也就是 3 * 10 * 10 * 10 * 10 
*10，结果等于 300 000。
求幂是指一个数自乘得到幂。E 记法表示乘以 10 的几次幂。��

有些人可能会把 3e5 和 3**5 都读作“3 指数 5”，不过，它们是完全不同的。怎

么读并不重要，只要你懂得它们分别代表什么含义。

36 Hello World!

 

Exponents vs. E-notation

Don’t get confused between raising a number to a power (also called exponentiation) and E-
notation.

� 3**5 means 35, or “three to the fifth power” or 3 * 3 * 3 * 3 * 3, which is equal to 243.
� 3e5 means 3 * 105 or “three times ten to the fifth power,” or 3 * 10 * 10 * 10 * 10 *10, 

which is equal to 300,000.

Raising to a power means you are raising the number itself to that power. E-notation means 
you are multiplying by a power of 10. 

Some people would read both 3e5 and 3**5 as “three exponent five,” but they are two dif-
ferent things. It doesn’t matter so much how you say it, as long as you understand what 
each one means.

What did you learn?

In this chapter, you learned

� how to do basic math operations in Python.
� about integers and floats.
� about exponentiation (raising numbers to a power).

If you don’t quite understand how 
E-notation works, don’t worry. It’s not used 
for the programs in the rest of this book. I 
just wanted to show you how it works in 
case you ever need it.

At least now, if you use Python to do 
some math and you get a number like 
5.673745e16 for an answer, you will know that 
it is a really big number, and not some kind 
of error.

Yeah, Mon! 
No worries, eh? This 
programming thing is 

a breeze!
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你学到了什么

在这一章，你学到了以下内容。

用 Python 如何完成基本数学运算。��

整数和浮点数。��

求幂（自乘得到一个幂）。��

如何计算取余（余数）。��

E 记法的有关内容。��

测试题

1. Python 中乘法使用哪个符号？

2. Python 计算 8 / 3 的答案是什么？

3. 怎么得到 8 / 3 的余数？

4. 怎么得到 8 / 3 的小数结果？

5. Python 中计算 6 * 6 * 6 * 6 的另一种做法是什么？

6. 采用 E 记法，17 000 000 要写作什么？

7. 4.56e–5 如果按常规的写法是什么（不是 E 记法）？

动手试一试

1. 使用交互模式或者编写一个小程序解决下面的问题。

 (a)  3 个人在餐厅吃饭，想分摊饭费。总共花费 35.27 美元，他们还想留 15%
的小费。每个人该怎么付钱？

 (b) 计算一个 12.5m×16.7m 的矩形房间的面积和周长。

2.  写一个程序，把温度从华氏度转换为摄氏度。转换公式是 C = 5 / 9* (F–32)。 
（提示：当心整除问题！）

3.  你知道怎么计算坐车去某个地方需要花多长时间吗？相应的公式（用文字表

述）是“旅行时间等于距离除以速度”。编写一个程序，计算以 80 km/h 的速

度行驶 200 km 需要花多长时间，并显示答案。
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第 4 章

数据的类型

我们已经看到，至少可以为一个变量赋 3 种不同类型的值（保存在计算机内存

中）：整数、浮点数和字符串。Python 还有其他一些数据类型，后面将会学到，不过

对现在来说，这 3 个类型就足够了。这一章中，我们将学习怎样区分一个值究竟是

什么类型。还会了解如何由一个类型建立另一个类型。

4.1　改变类型

很多情况下，我们需要将数据从一种类型转换成另一种类型。例如，想要打

印一个数字时，就需要把它转换成文本，使它能够出现在屏幕上。Python 的 print

命令可以为我们实现这点。不过，有时我们只是想转换而不需要打印出来，或

者需要从字符串转换成数字（这是 print无法做到的）。这称为类型转换（type 
conversion）。这该如何做到呢？

Python 实际上并没有把一个东西从一种类型“转换”成另一种类型。它只是由

原来的东西创建一个新东西，而且这个新东西正是你想要的类型。下面给出一些函

数，它们可以把数据从一种类型转换为另一种类型。

float() �� 从一个字符串或整数创建一个新的浮点数（小数）。

int() �� 从一个字符串或浮点数创建一个新的整数。

str() �� 从一个数（可以是任何其他类型）创建一个新的字符串。

float()、int()和 str()后面有小括号，因为它们不是 Python 关键字（如

print）—它们只是 Python 的内置函数（function）。

后面我们还会学习更多有关函数的内容。现在只需要知道：可以把你想要转
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换的值放在函数后面的小括号里。要说明这一点，最好的办法就是举一些例子。在

IDLE shell 中，采用交互模式完成下面的例子。

将整数转换为浮点数

下面先从整数开始，由它创建一个新的浮点数（小数），这里要使用 float()：

>>> a = 24
>>> b = float(a)
>>> a
24
>>> b
24.0

注意 b得到一个小数，末尾有一个 0。这就告诉我们这是一个浮点数而不是整

数。变量 a保持不变，因为 float()不会改变原来的值—它只是创建一个新的值。

要记住，在交互模式中，可以直接键入变量名（而不需要使用 print），Python
会显示这个变量的值（这在第 2 章中曾经见过）。不过这只在交互模式中奏效，在程

序中是行不通的。

将浮点数转换为整数

下面再反过来试试，从一个小数用 int()创建一个整数：

>>> c = 38.0
>>> d = int(c)
>>> c
38.0
>>> d
38

我们创建了一个新的整 
数 d，这是 c的整数部分。

我试过用 Python
来计算 0.1 和 0.2 相加之和，

得到的结果居然是 0.3000000 
0000000004 ！然后我再用

print来显示，看起 
 来又对了！

到底怎么回事？
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是吗？怎么会发生这种事情？卡特，我想肯定是你的计算机发疯了！

当然这只是开玩笑。实际上，这个问题有一个解释，你可以看看下面的“到底

怎么回事？”。

到底怎么回事？

还记得我们说过计算机在内部都使用二进制吧？对，

Python 存储的所有数都是作为二进制存储的。对于 0.1
和 0.2 之和，Python 会用足够多的二进制位（比特）创

建一个浮点数（小数）来保证 15 个小数位。不过这

个二进制数并不完全等于 0.3，它只是相当相当接近。

（在这里，误差是 0.000000000000004。）这个差称为

舍入误差（roundoff error）。

在交互模式中键入 0.1+0.2 这个表达式时，

Python 会显示它存储的原始数值，包括所有的小数

位。使用 print时，你会得到期望的结果，因为 print更聪明一点，它很

清楚要四舍五入显示 0.3。

这就像问一个人时间。他可能会说“12 点 44 分 53 秒”。不过大多数人

都只是说“差一刻一点”，因为他们知道你不需要那么精确。所有计算机语

言中浮点数都存在舍入误差。对于不同的计算机或者不同的语言来说，你

得到的正确的位数可能有所不同，不过都会使用同样的基本方法来存储浮

点数。

通常舍入误差都很小，所以不需要担心这些误差。

下面再试试另一个转换： >>> e = 54.99
>>> f = int(e)
>>> print e
54.99
>>> print f
54

尽管 54.99 与 55 很接近，但是得到的整数仍然是 54。int()函数总是下取整。

它不会给你最接近的整数，而是会给出下一个最小的整数。实际上 int()函数就是

去掉小数部分。

如果想得到最接近的整数，也有一个办法。这个办法到第 21 章再告诉你。
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将字符串转换为浮点数

还可以从字符串创建一个数，就像这样： >>> a = '76.3'
>>> b = float(a)
>>> a
'76.3'
>>> b
76.3

统统去掉！

注意，显示 a时，结果两边有引号。Python 通过这种方式告诉我们 a是一个

字符串。显示 b时，会得到浮点数值，这里包括所有小数位（就像卡特之前做的一

样）。

4.2　得到更多信息：type()

上一节说过，我们通过看引号来确定一个值究竟是数还是字符串。要确定它是

一个数还是字符串还有一种更直接的方法。

Python 还提供了函数 type()，它可以明确地告诉我们变量的类型。

下面试试看： >>> a = '44.2'
>>> b = 44.2
>>> type(a)
<type 'str'>
>>> type(b)
<type 'float'>
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type()函数告诉我们 a的类型是 'str'，这代表字符串（string），b的类型

是 'float'，很明白，不用猜也知道这代表浮点数！

4.3　类型转换错误

当然，如果向 int()或 float()提供的不是一个数，它就会不正常。

下面来试试看：
>>> print float('fred')
Traceback (most recent call last):
  File "<pyshell#1>", line 1, in <module>
    print float ('fred')
ValueError: could not convert string to float: fred

我们得到了一个错误消息。这个非法文字（invalid literal）错误消息说明 Python
不知道怎么从 "fred"创建一个数。如果是你，你知道吗？

4.4　使用类型转换

再来看第 3 章“动手试一试”中从华氏度到摄氏度的温度转换程序，应该记得

当时需要修正整除行为才能得到正确的答案，需要把 5 改为 5.0 或者把 9 改成 9.0：

cel = 5.0 / 9 * (fahr – 32)

float()函数给出了另一种做法：

cel = float(5) / 9 * (fahr – 32)

或   

cel = 5 / float(9) * (fahr – 32)

可以试试看。

42 Hello World!

The type() function told us that a is of type 'str', which stands for string, and b is of type 
'float'. No more guessing!

Type-conversion errors
Of course, if you give int() or float() something that is not a number, it won’t work. 
Try it and see:

We got an error message. The invalid literal error message means that Python doesn’t know 
how to create a number from "fred". Do you?

Using type conversions
Going back to your Fahrenheit to Celsius temperature-conversion program from the “Try it 
out” section in chapter 3, remember that you needed to fix the integer-division behavior to 
get the right answer, by 
changing the 5 to 5.0 or the 9 to 9.0:

The float() function 
gives you another way of doing this:

                                                               or 

Try it and see.

What did you learn?

In this chapter, you learned about

� converting between types (or, more correctly, creating types from other types): str(), 
int(), and float().

� displaying values directly without using print.
� checking the type of a variable using type().

Test your knowledge
1 When you use int() to convert a decimal number to an integer, does the result get 

rounded up or down?

>>> print float("fred")
Traceback (most recent call last):
  File "<pyshell#1>", line 1, in -toplevel-
    print float ("fred")
ValueError: invalid literal for float(): fred

cel = 5.0 / 9 * (fahr – 32)

cel = float(5) / 9 * (fahr – 32)

cel = 5 / float(9) * (fahr – 32)

你学到了什么

在这一章，你学到了以下内容。

完成类型转换（或者更准确地说，从某些类型创建另外一些类型）：�� str()、

int()和 float()。

直接显示值，而不使用�� print。

使用�� type()查看变量的类型。

舍入误差及其出现的原因。��
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测试题

1. 使用 int()将小数转换为整数，结果是上取整还是下取整？

2. 在温度转换程序中，可以这样做吗？

   cel = float(5 / 9 * (fahr – 32))

      这样呢？

   cel = 5 / 9 * float(fahr – 32)

     如果不行，为什么？

3.  （挑战题）除了 int()不使用任何其他函数，如何对一个数四舍五入而不是下

取整？（例如，13.2 会下取整为 13，但是 13.7 会上取整为 14。）

动手试一试

1.  使用 float()从一个字符串（如 '12.34'）创建一个数。要保证结果确实是

一个数！

2.  试着使用 int()从一个小数（56.78）创建一个整数。答案是上取整还是下

取整？

3.  试着使用 int()从一个字符串创建整数。要保证结果确实是一个整数！
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第 5 章

输　　入

到现在为止，希望程序“处理一些数”时，都必须把这些数直接放在代码中。

例如，如果编写了第 3 章中的温度转换程序，你可能会把要转换的温度直接放在代

码中。如果想要转换一个不同的温度，就必须修改代码。

如果你希望用户在程序运行时输入他想转换的温度呢？之前我们说过，一个程

序有 3 大部分：输入、处理和输出。我们的第一个程序只有输出。温度转换程序有

处理（转换温度）和输出，但是没有输入。现在该向程序增加第三个部分了：输入。

输入就是指在程序运行时向其提供某样东西，也就是某种信息。

这样一来，我们就能写出

与用户交互的程序，这就有

趣多了。

Python 有一个内置函

数， 名 为 raw_input()，

可以用这个函数从用户那

里得到输入。在这一章中，

我们将学习如何在程序中使

用 raw_input()。

5.1　raw_input()

raw_input()函数从用户那里得到一个字符串。正常情况下会从键盘得到这个

输入，也就是说，用户要键入输入。
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raw_input() 也 是 一 个 Python 内 置 函 数， 就 像 str()、int()、float() 和

type()一样（在第 4 章中已经见过这些函数）。后面还会学习更多有关函数的内容。

不过对现在来说，只需要记住使用 raw_input()时要加上小括号（圆括号）。

Raw input
在 Python 3 中，raw_input() 改名为 input() 了。它与 Python 2

中的 raw_input() 完全一样。

可以这样来使用：

someName = raw_input()

这会让用户键入一个字符串，并把它赋给名字 someName。

现在把它放在程序里。在 IDLE 中创建一个新文件，键入代码清单 5-1 中的代码。

代码清单 5-1　使用 raw_input() 得到一个字符串

print "Enter your name: "
somebody = raw_input()
print "Hi", somebody, "how are you today?"

保存这个程序，并在 IDLE 中运行，看看它如何工作。应该可以看到类似下面的

结果： Enter your name:
Warren
Hi Warren how are you today?

我键入了我的名字，程序把它赋给了 somebody。

5.2　print 命令和逗号

通常情况下，希望从用户得到输入时，必须告诉他你想要什么，应当提供类似

这样的一个消息： print "Enter your name: "

然后用 raw_input()函数得到用户的响应： someName = raw_input()
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如果运行这些代码行，并键入你的名字，会得到：
Enter your name:
Warren

如果希望用户在消息的同一行上键入他的答案，只需要在 print语句的末尾放

上一个逗号，就像这样：
print "Enter your name: ",
someName = raw_input()

注意逗号放在结束引号的外面。

如果运行这个代码，会得到： Enter your name: Warren

逗号可以用来把多个 print语句合并到同一行上。逗号只是表示“打印完这个

内容后不要跳转到下一行”。代码清单 5-1 的最后一行就是这么做的。

在 IDLE 编辑器窗口中键入代码清单 5-2 中的代码，并运行这个程序。

代码清单 5-2　逗号用来做什么？

print "My",
print "name",
print "is",
print "Dave."

运行这个程序时应该会得到这样的结果： My name is Dave.

注意到了吗？引号中的每个词末尾都没有空格，但是运行这个程序时每个单词

之间却出现了空格。使用逗号将多个 print语句合并到同一行时，Python 会增加一

个空格。

行尾逗号
在 Python 3 中，通过在行尾添加逗号使得打印的内容都在同一行的

方法不再有效。而且，在 Python 3 中使用 print() 时，要打印的内容

必须被包含在一对括号中。所以如果你在使用 Python 3，代码清单 5-2
应该是这样：

print( "My" , end="  ")
print( "name" , end="  ")
print( "is" , end="  ")
print( "Dave." , end="  ")
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S

有没有更简便的方
法在 raw_input()
前面加提示语？

很高兴你问这个问题！我正要讲到这一点。

打印 raw_input()提示语的简便方法

打印提示消息还有一种简便方法。raw_input()函数可以直接打印消息，所以

你根本不必使用 print语句：
someName = raw_input ("Enter your name: ")

这就像 raw_input()函数内置了 print一样。从现在起我们都将使用这个简便

方法。

 

说得对！
有了 raw_input()，

根本不用再另外买其他东西！

没有必要再使用 print!
既然 raw_input()

已经内置了 print， 
又何必另外掏钱呢？

       只需要付区区 99.95 美元，

它就是你的了！

5.3　输入数字

我们已经见过如何使用 raw_input()来得到字符串。但是如果希望得到一个数

该怎么做呢？毕竟，我们之所以讨论输入，原本就是为了让用户为我们的温度转换

程序输入温度。

如果你读过第 4 章，应该已经知道答案了。可以从 raw_input()给我们的字符

串使用 int()或 float()函数创建一个数。可以像这样：
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temp_string = raw_input()
fahrenheit = float(temp_string)

先使用 raw_input()得到用户的输入（一个字符串）。然后使用 float()由这

个字符串创建一个数。得到温度（作为浮点数）后，为它指定名字 fahrenheit。

不过还有一种简便方法。只需一步就可以完成所有这些工作，如下：

fahrenheit = float(raw_input())

所做的工作是一样的。它由用户得到字符串，然后从这个字符串创建一个数。

这里只是稍稍少写一点代码。

下面在我们的温度转换程序中使用这种方法。试着运行代码清单 5-3 中的程序，

看看会得到什么。

48 Hello World!

print "That is",           
print celsius,  
print "degrees Celsius"

You can also combine the last three 
lines of listing 5.3 into one, like this:

This is really just shorthand for the three print statements we had before.

Using int() with raw_input()

If the number you want the user to enter will always be an integer (no decimals), you can 
convert it with 
int(), like this:

 

Notice the commas at 
the ends of these lines

print "That is", celsius, "degrees Celsius"

response = raw_input("How many students are in your class: ")
numberOfStudents = int(response)

#!/bin/env python # Paginate a text file, adding a header and footer import sys, time, string # If no arguments were given, print a helpful message if len(sys.argv)!=2: print 'Usage: pyprint filename'sys.exit(0)
cla

ss 
# Increment the page count, and reset the line count self.header_writte

n=1
 ; s

el
f.c

ou
nt

=1 
; s

elf
.pa

ge
=s

el
f.p

ag
e+

1P
rin

te
rF

or
ma

tt
er

:se
lf.

heade
r_w

rit
te

n=
0d

ef
 #

 In
cr

em
en

t t
he

 pa
ge

 co
un

t, 
an

d r
ese

t the li
ne 

cou
nt 

se
lf

.he
ad

er
_w

rit
te

n=
1 ;

 s
el

f.c
ou

nt
=1 

; s
elf

.pag
e=self.page

+1 
write_

header(self):# If the header for this page has just b
een

 written, don'telf.header_written=1 ; self.count=1 ; self.page=self.page+1 write_header(self):# If the 

Thinking like a (Python) programmer
There is another way to get numbers as 

input. Python has a function called 
input() that gives you a number directly, 
so you don’t have to use int() or float() 
to convert it. We used it in the 
number-guessing program in chapter 1, 
because it is the simplest way to get a 
number from the user. 

However, there are some reasons not to 
use input(). One of them is that the 
input() function is being removed from 
future versions of Python (versions 3.0 
and later). There will only be raw_input(). 
They are going to rename raw_input() as 
input(), but it will still be the function 
that we saw in this chapter, and it will 
only get strings.

Because we know how to create a number 
from a string, I recommend you use 
raw_input() instead of input().

By the way, there is another change coming 
in Python 3.0. Instead of writing 
 print "Hello there" 
you will have to write 
 print ("Hello there") 
You will have to use parentheses with print
 in Python 3.0 and later.

print >>>Hello if
 #

print >>>Hello if #

print >>>Hello if
 #

注意这些代码行末尾的逗号
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Inputting numbers
We have seen how to use raw_input() to get strings. But what if we want to get a number 
instead? After all, the reason we started talking about input was to let the user enter tem-
peratures for our temperature-conversion program. 

You already know the answer if you read chapter 4. We can use the int() or float() 
functions to create a number from the string that raw_input() gives us. It would look
like this:

We got the user’s input as a string, using raw_input(). Then we made a number from that, 
using float(). Once we had the temperature as a float, we gave it the name fahrenheit. 

But there is a little shortcut. We 
can do it all in one step, like this:

This does exactly the same thing. It gets the string from the user and then creates a number 
from it. It just does it with a bit less code. 

Now let’s use this in our temperature-conversion program. Try the program in listing 5.3, 
and see what you get. 

print "This program converts Fahrenheit to Celsius"
print "Type in a temperature in Fahrenheit: ",                          
fahrenheit = float(raw_input())
celsius = (fahrenheit – 32) * 5.0 / 9

Listing 5.3 Converting temperatures using raw_input()

temp_string = raw_input() 
fahrenheit = float(temp_string)

fahrenheit = float(raw_input())

Use float(raw_input()) 
to get the Fahrenheit 
temperature from the user

No need to use print with this baby!
Why pay more for print when
raw_input() 

has it built right in?! 
And it can be yours for only 
3 easy payments of $99.95!

That's right!

raw_input(),
There’s NOTHING ELSE TO BUY!

使用 float(raw_input()) 从用户 
得到温度（华氏度）

代码清单 5-3　使用 raw_input() 转换温度

还可以把代码清单 5-3 最后 3 行合并为一行，像这样：

print "That is", celsius, "degrees Celsius"

这实际上是之前 3 个 print语句的简写形式。

结合 int()使用 raw_input()

如果你希望用户输入的数总是整数（而不是小数），可以用 int()来转换，例如：

response = raw_input("How many students are in your class: ")
numberOfStudents = int(response)
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#
!/bin/envpython#Paginateatextfile,adding

a
header

and
footer

import
sys,time,string#

Ifno
arguments

were
given,printahelpfulmessageif

len(sys.argv)!=2:print'Usage:pyprintfilename'sys.ex
it(0)

cla

ss
#Incrementthepagecount,andresetthelinecountself.h

eader_
writ

ten
=1

;s
el
f.
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t=
1;
sel

f.p
ag
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r_
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te
n=
1;
se
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.c
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=1
;s
el

f.p
age=

self.pag
e+

1w
rite_

header
(self):# Iftheheaderforthispagehasjust

be

enw
ritten,don'telf.header_written=1;self.count=1;self.page=self.page+1write_header(self):# Ifthe

print>>>Helloif
#

print>>>Helloif
#

print>>>Helloif
#

像（Python）程序员一样思考

得到数字输入还有一种方法。Python 2
有一个名叫 input()的函数，可以直接提供

一个数，所以不必使用 int() 或 float() 来

转换。我们在第 1 章的猜数程序中用过这

个函数，因为这是从用户得到一个数的最简

单的方法。

但为了保持一致，我们在本书的剩余部分

会始终使用 raw_input()。而且，Python 3 中

去除了 input()函数（可以直接获取数字而不

需要进行转换），只有 raw_input()。更令人

感到混乱的是，Python 2 中的 raw_input()在

Python 3 中改名为 input()，但它的功能仍然

和你在这一章中见到的这个函数一样，只会得

到字符串。因为我们很清楚怎样从一个字符

串创建一个数，所以建议使用 raw_input()，

而不要用 Python 2 中的 input()。

5.4　来自互联网的输入

通常，程序的输入都来自用户。不过还有其他一些方法得到输入。可以从计算

机硬盘上的文件中得到输入（这个内容会在第 22 章介绍），或者也可以从互联网获

取输入。

如果你能连接互联网，可以试试代码清单 5-4 中的程序。它会从这本书的网站

打开一个文件，为你显示这个文件中的消息。

代码清单 5-4　从互联网上的一个文件得到输入

import urllib2
file = urllib2.urlopen('http://helloworldbook2.com/data/message.txt')
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message = file.read()
print message

如果你在办公室或学校的计算机上尝试这个程序，很可能无法正常工作。这是因为，有些办公室和学校使用一种名叫代理的东西连接到互联网。代理就是另一台计算机，它相当于互联网与学校或办公室之间的一座桥梁或一条通路。取决于代理的设置，这个程序可能不知道如何通过代理连接到互联网。如果从家里的计算机（或者其他可以直接连接互联网而不需要通过代理的地方）运行这个程序，应该能正常工作。

就这么简单。只需要区区 4 行

代码，你的计算机就可以通过互联网

得到这本书网站上的一个文件，并显

示这个文件。如果试着运行这个程序

（假设你的互联网连接工作正常），你

会看到这个消息。
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#

print>>>Helloif
#

print
>>>Hello

if
#

    像程序员一样思考

根据你使用的操作系统（Windows、Linux 或

Mac OS X），运行代码清单 5-4 中的程序时，你可

能会在每行末尾看到小方块或类似 \r的字符。这

是因为，不同的操作系统使用不同的方法来指示文本

行的结束。Windows（和之前的 MS-DOS）使用

两个字符：CR（回车）和 LF（换行）来表

示。Linux 只使用 LF，Mac OS X 只使用 CR。

有些程序可以处理所有这些情况，不过有

些程序（比如 IDLE）看到行结束符与它期望的不一

致时，就会不知所措。发生这种情况时，它们会显示

一个小方块，表示“我不理解这个字符”。你可能会

看到这样的小方块，也可能看不到，这取决于你在

使用什么操作系统，还取决于你如何运行程序（使

用 IDLE 还是采用另外某种方法）。

你学到了什么

在这一章，你学到了以下内容。

用�� raw_input()输入文本。

向�� raw_input()增加一个提示消息。

结合�� int()和 float()使用 raw_input()输入数字。

使用逗号将多行打印到一行上。��

测试题

1. 对于下面这行代码： answer = raw_input()

   如果用户键入 12，answer的数据类型是什么？是字符串还是一个数？

2. 怎么让 raw_input()打印一个提示消息？
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3. 怎么使用 raw_input()得到一个整数？

4. 怎么使用 raw_input()得到一个浮点数（小数）？

动手试一试

1.  在交互模式中建立两个变量，分别表示你的姓和名。然后使用一条 print语

句，把姓和名打印在一起。

2.  编写一个程序，先问你的姓，再问名，然后打印一条消息，在消息中包含你

的姓和名。

3.  编写一个程序询问一间长方形房间的尺寸（单位是米），然后计算覆盖整个房

间总共需要多少地毯，并显示出来。

4.  编写一个程序先完成第 3 题的要求，不过还要询问每平方尺地毯的价格。然

后主程序显示下面 3 个内容：

总共需要多少地毯，单位是平方米。��

总共需要多少地毯，单位是平方尺（1 平方米 = 9 平方尺）。��

地毯总价格。��

5. 编写一个程序帮助用户统计她的零钱。程序要问下面的问题。

“有多少个五分币？”��

“有多少个二分币？”��

“有多少个一分币？”��

让程序给出这些零钱的总面值。
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第 6 章

GUI—图形用户界面

到目前为止，我们的所有输入和输出都只是 IDLE 中的简单文本。不过现代计算

机和程序会使用大量的图形。如果我们的程序中也有一些图形就太好了。在这一章

中，我们会开始建立一些简单的 GUI。这说明从现在开始，我们的程序看上去就会

像你平常熟悉的那些程序一样，将会有窗口、按钮之类的图形。

6.1　什么是 GUI

GUI 是 Graphical User Interface（图形用户界面）的缩写。在 GUI 中，并不只是

键入文本和返回文本，用户可以看到窗口、按钮、文本框等图形，而且可以用鼠标

点击，还可以通过键盘键入。我们目前为止完成的程序都是命令行或文本模式程序。

GUI 是与程序交互的一种不同的方式。有 GUI 的程序仍然有 3 个基本要素：输入、

处理和输出，但它们的输入和输出更丰富、更有趣一些。

顺便说一句，计算机上有 GUI 当
然是可以的，但是要避免粘上黏性的

东西哦。否则键盘将无法发挥效力，

也会让键入很困难！
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6.2　第一个 GUI
我们一直都在使用 GUI，实际上已经用过很多。Web 浏览器是 GUI，IDLE 也是

GUI。现在我们就来建立自己的 GUI。为了做到这一点，要从 EasyGui 寻求一些帮

助。

EasyGui 是一个 Python 模块，利用这个模块可以很容易地建立简单的 GUI。我

们还没有具体讨论过模块（第 15 章会介绍这方面的内容），不过应该知道：模块就

是一种扩展方法，通过它可以向 Python 增加非内置的内容。

如果你使用这本书的安装程序来安装 Python，那么你已经安装了 EasyGui。否

则，可以从 http://easygui.sourceforge.net/ 下载。

安装 EasyGui

可以下载 easygui.py 或者一个包含 easygui.py 的 zip 文件。要安装这个模块，只

需要把文件 easygui.py 放在 Python 能找到的位置。这个位置是哪里呢？

Python 路径
Python 会在硬盘上的一组位置中查找可以使用的模块。这个工作可能有些复杂，

因为在 Windows、Mac OS X 和 Linux 上，所查找的这组位置各不相同。不过，如果

把 easygui.py 放在 Python 安装的位置中，Python 肯定能找到它。所以，要在你的硬

盘上查找一个名叫 Python27 的文件夹，再把 easygui.py 放在这个文件夹里。

建立 GUI

启动 IDLE，在交互模式键入以下命令： >>> import easygui

这会告诉 Python 你打算使用 EasyGui 模块。如果没有得到错误消息，说明

Python 找到了 EasyGui 模块。如果收到一个错误消息，或者 EasyGui 看上去无效，

可以访问本书网站（www.helloworldbook2.com），从中可以找到一些其他的帮助。

现在来建立一个包含 OK 按钮的简单消息框：

>>> easygui.msgbox("Hello There!")
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EasyGui msgbox()函数用于创建一个消息框。大多数情况下，EasyGui 函数的

名就是相应英语单词的缩写。

使用 msgbox()时，会看到类似这样的结果：

如果点击 OK 按钮，这个消息框会关闭。

6.3　GUI 输入

我们只看过一种 GUI 输出，就是一个消息框。不过输入呢？还可以使用 EasyGui
得到输入。

在交互模式中运行前面的例子时，你点击 OK 按钮了吗？如果点击了这个按钮，

应该已经在 shell 或终端或命令窗口中见过这样的结果：

>>> import easygui
>>> easygui.msgbox("Hello there!")
'OK'

'OK' 部分就是 Python 和 EasyGui 在告诉你：用户点击了 OK 按钮。EasyGui 会
返回信息来告诉你用户在 GUI 中做了什么：点击了什么按钮，键入了哪些内容等等。

可以为这个响应指定一个名字（把它赋给一个变量）。试试看：

>>> user_response = easygui.msgbox("Hello there!")

在消息框中点击 OK 将它关闭。然后键入： >>> print user_response
OK

现在用户的响应（OK）有了一个变量名 user_response。下面再来看其他几种

使用 EasyGui 得到输入的方法。

我们刚才看到的消息框实际上只是对话框（dialog box）的一个例子。对话框包

含一些 GUI 元素，用来告诉用户某些信息，或者从用户得到一些输入。输入可以是

按钮点击（如 OK），或者文件名，也可以是某个文本（字符串）。
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EasyGui msgbox就是包含一条消息和一个 OK 按钮的对话框。不

过还可以有不同类型的对话框，包含更多的按钮和其他内容。

6.4　选择你的口味

我们将举一个挑选冰淇淋口味的例子来学习利用 EasyGui 从用户

得到输入（冰淇淋口味）的不同方法。

有多个按钮的对话框

下面来创建一个包含多个按钮的对话框（如消息框）。具体做法

是使用一个按钮框（button box ，buttonbox）。下面来建立一个程序，

而不是在交互模式中完成。

在 IDLE 中新建一个文件。键入代码清单 6-1 中的程序。

代码清单 6-1　使用按钮得到输入

55 CHAPTER 6 GUIs—Graphical User Interfaces

The 'OK' part was Python and EasyGui telling you that the user clicked the OK button. 
EasyGui gives you back information to tell you what the user did in the GUI—what 
button she clicked, what she typed, etc. You can give this response a name (assign it 
to a variable). Try this:

Click OK on the message 
box to close it. Then type this:

Now the user’s response, OK, has the variable name user_response. Let’s look at a few other 
ways to get input with EasyGui.

The message box that we just saw is really just one example of something called a dialog 
box. Dialog boxes are GUI elements that are used to tell the user something or get some 
input from the user. The input might be a button click (like OK), or a filename, or some text 
(a string).

The EasyGui msgbox is just a dialog box with a message and a single button, OK. But we can 
have different kinds of dialog boxes with more buttons and other things.

Pick your flavor
We’re going to use the example of choosing your favorite flavor of ice cream 
to look at some different ways to get input (the ice cream flavor) from the 
user with EasyGui.

Dialog box with multiple buttons

Let’s make a dialog box (like a message box) with more than one button. The 
way to do this is with a button box (buttonbox). Let’s make a program, rather 
than do it in interactive mode.

Start a new file in SPE (or another text editor if you’re not using SPE). Type in 
the program in listing 6.1.

import easygui
flavor = easygui.buttonbox("What is your favorite ice cream flavor?",
                  choices = ['Vanilla', 'Chocolate', 'Strawberry'] )   

easygui.msgbox ("You picked " + flavor)

Listing 6.1 Getting input using buttons

>>> user_response = easygui.msgbox("Hello there!")

>>> print user_response
OK
>>>

A list of 
choices

选择 
列表

方括号中的代码称为一个列表（list）。我们还没有讨论列表，这部分内容将在第

12 章介绍。对现在来说，只需要键入

这些代码，让这个 EasyGui 程序能够

工作（如果你确实很好奇，也可以跳

到第 12 章看个究竟……）。

保存文件（我的文件就命名为

ice_cream1.py），运行这个程序，你

就会看到右边这个界面。

然后，根据你选择的口味，你会

看到右图这样的结果了。

这是怎么做到的？用户点击的

按钮的标签就是输入（input）。我们为这个输入指定了一个变量名，在这里就是

flavor。这就像使用 raw_input()，只不过用户并不是键入，而是点击一个按钮。

这正是 GUI 的关键。　
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我试着运行这个程序时，
我的选择框比你显示的大
多了。几乎占了一整屏！

而且我没办法通过调整窗
口大小让它变小，因为它

根本不让我调整。

怎么回事？

选择框

下面来看用户选择口味的另一种方法。EasyGui 提供了一种选择框（choice box，
choicebox），它会显示一个选择列表。用户可以选择其中之一，然后点击 OK 按钮。

要尝试选择框，只需要对代码清单 6-1 中的程序做一个很小的修改：把

buttonbox改为 choicebox。这个新版本的程序见代码清单 6-2。

代码清单 6-2　使用选择框得到输入

import easygui
flavor = easygui.choicebox("What is your favorite ice cream flavor?",
                  choices = ['Vanilla', 'Chocolate', 'Strawberry'] )
easygui.msgbox ("You picked " + flavor)

选择一个口味然后点击 OK 时，你会看到与前面相同的消息框。注意，除了用

鼠标点击选择，还可以用键盘上的上下箭头键选择一个口味。

如果点击 Cancel，程序会结束，你还会看到一个错误。这是因为程序的最后一

行希望得到某个文本（如 Vanilla），倘若你点击 Cancel，它将得不到任何输入。

我也遇到了同样的问题。

不过因为在这本书里放上这

个巨大的选择框不太合适，

所以我耍了点小聪明，

稍稍做了点处理！我

修改了 easygui.py，让

选择框变小一些，这样

放在这本书里看上去会好一

些。你不需要这么做，但如果你

保存代码清单 6-2 中的程序并运

行。你会看到类似右图的结果。
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确实想试试看，下面我就把步骤告诉你。不过提醒你一句，这可有点复杂哦！

(1)  找出 easygui.py 文件中以 def__choicebox开头的一节（在我的 easygui.py
中大约在 934 行）。要记住，大多数编辑器，都会在靠近窗口最下面的某个

位置显示出代码行号。

代码清单 6-3 　使用输入框得到输入

import easygui
flavor = easygui.enterbox("What is your favorite ice cream flavor?")
easygui.msgbox ("You entered " + flavor)

(2)  从这个位置向下大约 30 行（大概是 970 行），会看到类似下面的代码行：

      
root_width = int((screen_width * 0.8))
root_height = int((screen_height * 0.5))

(3)  把 0.8 改为 0.4，再把 0.5 改成 0.25。保存对 easygui.py 做的这些修改。下一

次运行程序时，选择框窗口就会小一些了。

文本输入

这一章中的例子允许用户从你（程序员）提供的一组选项中做出选择。如果你

想像 raw_input()一样（也就是让用户键入文本），该怎么做呢？这样用户就可以输

入自己喜欢的任何口味了。EasyGui 提供了一种输入框（enter box ，enterbox）能

够做到这一点。可以试试代码清单 6-3 中的程序。

运行这个程序时，你会看到：

然后键入你最喜欢的口味，点击 OK，就像前面一样，你键入的内容会显示在消

息框中。

这就类似于 raw_input()，同样可以从用户得到文本（一个字符串）。
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默认输入

有时用户输入信息时，可能会期望得到某个答案，或者有一个很常见或最可能

输入的答案。这称为默认值（default）。这个最常见的答案可以由你为用户自动输入，

这样用户就不用再键入了。有了默认值，只有当用户有不同的输入时才有必要键入。

要在一个输入框中放入默认值，可以按照代码清单 6-4 修改你的程序。

代码清单 6-4　如何建立默认参数

现在运行这个程序时，输入框中已经输入了“Vanilla”（香草）。可以把它删掉，

再输入你想要的内容，不过如果你最喜欢的口味确实是香草，就不用再键入任何内

容，只需点击 OK。

数字呢

如果想在 EasyGui 中输入一个数，完全可以先通过输入框得到一个字符串，然

后使用 int()或者 float()由这个字符串创建一个数（就像第 4 章中的做法一样）。

EasyGui 还提供了一种整数框（integer box ，integerbox），可以用它来输入整

数。还可以对所输入的数设置一个下界和上界。

不过，整数框不允许输入浮点数（小数）。要输入小数，必须先通过输入框得到

字符串，然后再使用 float()转换这个字符串。

6.5　再看猜数游戏……

第 1 章中，我创建了一个简单的猜数程序。下面再来完成这个程序，不过这一

次我们要使用 EasyGui 完成输入和输出。代码清单 6-5 显示了这个程序的代码。

import random, easygui

secret = random.randint(1, 99)        

guess = 0

tries = 0

easygui.msgbox("""AHOY!  I'm the Dread Pirate Roberts, and I have a secret!

It is a number from 1 to 99.  I'll give you 6 tries.""")

while guess != secret and tries < 6:

    guess = easygui.integerbox("What's yer guess, matey?")  

    if not guess: break                                     

    if guess < secret:                                       

        easygui.msgbox(str(guess) + " is too low, ye scurvy dog!")

    elif guess > secret:                                          

        easygui.msgbox(str(guess) + " is too high, landlubber!")

    tries = tries + 1       

if guess == secret:                                                    

    easygui.msgbox("Avast! Ye got it!  Found my secret, ye did!")    

else:                                                            

    easygui.msgbox("No more guesses!  The number was " + str(secret)) 

选一个秘密数

得到玩家猜的数

代码清单 6-5　使用 EasyGui 的猜数游戏

58 Hello World!

import easygui
flavor = easygui.enterbox("What is your favorite ice cream flavor?")
easygui.msgbox ("You entered " + flavor)

When you run it, 
you should see something like this:

And then, when you type in your favorite flavor and click OK, it’ll be displayed in the 
message box, just like before.

This is just like raw_input(). It gets text (a string) from the user.

Default input

Sometimes when a user is entering information, there is a certain answer that is expected, 
common, or most likely to be entered. That is called a default. You might be able to save the 
user some typing by automatically entering the most common answer for her. Then, she’d 
only have to type an answer if she had a different input. 

To put a default in an enter box, change your program to look like the one in listing 6.4.

import easygui
flavor = easygui.enterbox("What is your favorite ice cream flavor?",
                           default = 'Vanilla')
easygui.msgbox ("You entered " + flavor)

Now, when you run it, “Vanilla” is already entered in the enter box. You can delete it 
and enter anything you want, but if your favorite flavor is vanilla, you don’t have to type 
anything, just click OK. 

What about numbers?

If you want to enter a number in EasyGui, you can always use an enter box to get a string, 
and then create a number from it using int() or float() (as we did in chapter 4). 

Listing 6.3 Getting input using an enter box

Listing 6.4 How to make default arguments

Here’s the 
default这里是默认值
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import random, easygui

secret = random.randint(1, 99)        

guess = 0

tries = 0

easygui.msgbox("""AHOY!  I'm the Dread Pirate Roberts, and I have a secret!

It is a number from 1 to 99.  I'll give you 6 tries.""")

while guess != secret and tries < 6:

    guess = easygui.integerbox("What's yer guess, matey?")  

    if not guess: break                                     

    if guess < secret:                                       

        easygui.msgbox(str(guess) + " is too low, ye scurvy dog!")

    elif guess > secret:                                          

        easygui.msgbox(str(guess) + " is too high, landlubber!")

    tries = tries + 1       

if guess == secret:                                                    

    easygui.msgbox("Avast! Ye got it!  Found my secret, ye did!")    

else:                                                            

    easygui.msgbox("No more guesses!  The number was " + str(secret)) 

最多允 
许猜 
6 次

游戏
结束
时打
印消
息

用掉一次机会

我们还没有全面学习这个程序中各个部分是如何工作的，不过你可以先键入这

个程序，试试看。运行程序时你会看到：

我们将在第 7 章学习 if、else和 elif的内容。第 8 章介绍 while，random会

在第 15 章讲到。另外我们还会在第 23 章大量使用 random。

6.6　其他 GUI 组件

EasyGui 还提供了另外一些 GUI 组件，包括允许多重选择（而不是只选择一项）

的选择框，还有一些特殊的对话框用来得到文件名等内容。不过，对现在来说，前

面介绍的 GUI 组件已经足够了。

利用 EasyGui，我们可以非常容易地生成一些简单的 GUI，而且它隐藏了 GUI
涉及的很多复杂性，使你不用再操心这些问题。后面我们将会讨论建立 GUI 的另一

种方法，它可以提供更多的灵活性和控制。

如果你想更多地了解 EasyGui，可以访问 EasyGui 主页 easygui.sourceforge.net。
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像（Python）程序员一样思考

如 果 你 想 了 解 有 关 Python 使 用 的 更 多 内 容，比

如 EasyGui（或任何其他方面），有一个好消息告诉你：

Python 提供了一个内置的帮助系统，也许你可以试一试。

在交互模式中，可以在交互提示符后面键入

>>>help()

就会进入这个帮助系统。现在提示符会变成：

help >

一旦进入帮助系统，你想要得到哪方面的帮助，

只需要键入相应的名字，例如：

help> time.sleep

或者

help> easygui.msgbox

你就会得到你想要的一些信息。

要退出帮助系统，重回正常的交互提示符，只需要键

入 quit：

help> quit
>>>

有些帮助读起来很费劲，也很难理解，你往往找不

到你想找的东西。不过如果你要找 Python 中某个方面的

更多信息，这个帮助系统还是值得试一试。

你学到了什么

在这一章，你学到了以下内容。

如何利用 EasyGui 建立简单的 GUI。��

如何使用消息框�� msgbox显示消息。

42 Hello World!

The type() function told us that a is of type 'str', which stands for string, and b is of type 
'float'. No more guessing!

Type-conversion errors
Of course, if you give int() or float() something that is not a number, it won’t work. 
Try it and see:

We got an error message. The invalid literal error message means that Python doesn’t know 
how to create a number from "fred". Do you?

Using type conversions
Going back to your Fahrenheit to Celsius temperature-conversion program from the “Try it 
out” section in chapter 3, remember that you needed to fix the integer-division behavior to 
get the right answer, by 
changing the 5 to 5.0 or the 9 to 9.0:

The float() function 
gives you another way of doing this:

                                                               or 

Try it and see.

What did you learn?

In this chapter, you learned about

� converting between types (or, more correctly, creating types from other types): str(), 
int(), and float().

� displaying values directly without using print.
� checking the type of a variable using type().

Test your knowledge
1 When you use int() to convert a decimal number to an integer, does the result get 

rounded up or down?

>>> print float("fred")
Traceback (most recent call last):
  File "<pyshell#1>", line 1, in -toplevel-
    print float ("fred")
ValueError: invalid literal for float(): fred

cel = 5.0 / 9 * (fahr – 32)

cel = float(5) / 9 * (fahr – 32)

cel = 5 / float(9) * (fahr – 32)
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如何使用按钮、选择框和文本输入框（�� buttonbox、choicebox、enterbox、

integerbox）得到输入。

如何为一个文本框设置默认输入。��

如何使用 Python 的内置帮助系统。��

测试题

1. 如何使用 EasyGui 生成消息框？

2. 如何使用 EasyGui 得到字符串（一些文本）输入？

3. 如何使用 EasyGui 得到整数输入？

4. 如何使用 EasyGui 得到浮点数（小数）输入？

5. 什么是默认值？给出一个可能使用默认值的例子。

动手试一试

1.  试着修改第 5 章中的温度转换程序，这一次要用 GUI 输入和输出而不是 raw_

input()和 print。

2.  编写一个程序，询问你的姓名，然后是房间号、街道和城市，接下来是省 / 地
区 / 州，最后是邮政编码（所有这些都放在 EasyGui 对话框中）。然后这个程

序要显示一个寄信格式的完整地址，类似于：

John Snead
28 Main Street
Akron, Ohio
12345
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第 7 章

判断再判断

在前几章中，我们已经看到了程序的一些基本构成模块。现在可以利用输入、

处理和输出建立一个程序了。我们甚至还可以通过使用 GUI 让输入和输出更有意思

一些。我们可以把输入赋给一个变量，以便以后使用，还可以使用一些数学运算来

进行处理。现在来看可以通过哪些方法对程序的工作进行控制。

如果一个程序每次都做同样的事情，这会有些枯燥，而且用处不大。程序要能

够决定接下来做什么。我们已经掌握了一些处理技术，下面再来补充另外一些决策

（decision-making）技术。

7.1　测试，测试

程序需要能够根据输入做不同的事情。下面给出几个例子：

如果 Tim 给出的答案正确，就为他加 1 分；��

如果 Jane 击中外星人，就发出爆炸声；��

如果文件没找到，就显示错误消息。��

决策时，程序要做出检查（完成一个测试），查看某个条件是否为真。在上面的

第一个例子中，这个条件就是“答案正确”。

Python 完成测试的方法很有限，而且每个测试只有两个可能的答案：真（true）
或者假（false）。
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Python 在测试时可能会问下面这些问题。

这两个东西相等吗？��

其中一个是不是小于另一个？��

其中一个是不是大于另一个？��

不过等一下，刚才说过第一个例子的测试条件是“答案正确”，但是这不属于我

们能做的测试，至少不能直接测试。这说明，我们需要用一种 Python 能理解的方式

来描述测试。

想要知道 Tim 的答案是否正确时，我们需要知道正确的答案是什么，还要知道

Tim 的答案。可以写成这种形式：

如果 Tim 的答案是正确的，这两个变量就是相等的，所以条件（condition）为

真（true）。如果他的答案不正确，这两个变量就不相等，条件则为假（false）。

如果 Tim 的答案等于正确答案

True

False

术语箱
完成测试并根据结果做出判断称为分支（branching）。程序根据测试的结果

来决定走哪条路，或者沿哪个分支执行。

Python 使用关键字 if来测试条件，如下：
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if行末尾的冒号告诉 Python 下面将是一个指令块。这个块包括从前面的 if行

以下直到下一个不缩进的代码行之间的所有缩进代码行。

True

False

64 Hello World!

Python uses the keyword if to test conditions, like this:

The colon at the end of the if line tells Python that a block of instructions is coming next. 
The block includes every line that is indented from the if line, up until the next line that is 
not indented. 

If the condition is true, everything in the following block will be done. In the previous 
short example, the second and third lines make up the block of statements for the if in 
the first line.

Now might be a good time to talk about indenting and blocks of code.

if timsAnswer == correctAnswer:
    print "You got it right!" 
    score = score + 1
print "Thanks for playing."

These lines form a “block” of code because they’re 
indented from the lines above and below

Tr
ue

False

A block of code is one or more lines of code that 
are grouped together. They’re all related to a 
particular part of the program (like an if statement). 
In Python, blocks of code are formed by indenting the lines 
of code in the block.

Indenting means that a line of code is pushed over to the right 
a bit. Instead of starting at the far left, it has some spaces 
at the beginning, so it starts a few characters away from the 
left side.

这些代码行构成一个代码“块”，因为相对于上面 
和下面的代码行已经将它们缩进。

术语箱
缩进（indenting）是指一个代码行稍稍靠右一点。它不是从最左端开始，而

是前面有一些空格，所以会从距左边界几个字符之后开始。

如果条件为真，就会完成之后代码块中的所有工作。在前面的小例子中，第 2
行和第 3 行构成了第 1 行中 if的相应语句块。

现在来讨论缩进和代码块。

7.2　缩进

有些语言中，缩进只是一个风格问题，不论你喜欢还是不喜欢，都可以缩进。

不过，在 Python 中，编写代码时缩进是必不可少的一部分。缩进会告诉 Python 代码

块从哪里开始，到哪里结束。

术语箱
代码块（block）是一行或放在一起的多行代码。它们都与程序的某个部分相

关（比如一个 if 语句）。在 Python 中，通过将块中的代码行缩进来构成代码块。
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Python 中的一些语句（如 if语句）需要一个代码块来告诉它们要做什么。对于

if语句，代码块会告诉 Python 如果条件为真时做什么。

将代码块缩进多远并不重要，只要保证整个代码块缩进的程度是一样的。Python
中有一个惯例：总是将代码块缩进 4 个空格。在你的程序中最好也采用这种风格。

术语箱
惯例（convention）就是大多数人都采用的做法。

7.3　是不是有问题

if 语 句 中 真 的 有 两 个 等 号 吗（if 

timsAnswer == correctAnswer）？没错，

确实是这样，下面来告诉你这是为什么。

人们通常这么说，“5 加 4 等于 9”，另

外会这么问“5 加 4 等于 9 吗？”。前一个

是陈述句（statement）；另一个是疑问句

（question）。

在 Python 中，也同样有陈述句（或语

句）以及疑问句（或问题）。语句可能将值赋给一个变量。问题可能查看变量是否等

于某个值。前者是在做某种设置（赋值或设置为相等），后者在做某种检查或测试

（是否相等，对还是错），所以 Python 使用了两种不同的符号。

我们已经看到，等号（=）用来设置变量或赋值。下面再给出几个例子：

correctAnswer = 5 + 3
temperature = 35
name = "Bill"

要测试两个东西是否相等，Python 使用了一个双等号（==），如下：

if myAnswer == correctAnswer:
if temperature == 40:
if name == "Fred":

是不是有问题？
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切记！

混淆 = 和 == 是编程中最常见的错误之一。很多语

言（而不只是 Python）都使用了这两个符号，另外每天

都有很多程序员用错这两个符号。

测试或检查也称为比较。双等号称为一个比较操作符。应该记得，我们在第 3
章讨论过操作符。操作符就是会对两边的值进行操作的一个特殊符号。在这里，操

作就是测试两个值是否相等。

7.4　其他类型的测试

很幸运，其他比较操作符更容易记：小于（<）、大于（>）和不等于（!=）。（还

可以使用 <> 表示不等于，不过大多数人都用 !=。）还可以把 > 或 < 与 = 结合起来表

示大于或等于（>=）以及小于或等于（<=）。数学课上你可能已经见过这样一些符号。

不等于
在 Python 3 中，不再支持 <> 形式的不等于，只能使用 != 来表示不

等于。

还可以把两个大于和小于操作符“串”在一起完成一个范围测试，比如：

if 8 < age < 12:

这会检查变量 age的值是否介于（但不包含）8 和 12 之间。如果 age等于 9、
10 或 11（或者 8.1 或 11.6 等），这就会是 true。如果希望包含年龄为 8 和 12 的情

况，可以这样做：

if 8 <= age <= 12:

当心！

图灵社区会员 FreeLink 专享 尊重版权



7.5　如果测试为假会怎么样　　69

术语箱
比较操作符（comparison operator）也称为关系操作符（relational opera-

tor），因为它们要测试两边值的关系（relation）：相等还是不相等，大于还是小于。

比较也称为条件测试（conditional test）或逻辑测试（logical test）。在编程中，逻

辑（logical）就是指某个结论的答案是真还是假。

代码清单 7-1 显示了一个使用比较的示例程序。先在 IDLE 编辑器中创建一个新

文件，键入这个程序并保存，把它命名为 compare.py。然后运行这个程序。试着用

不同的数运行多次。可以试试不同的情况，比如第一个数较大、第一个数较小，以

及两个数相等，看看会得到什么结果。

代码清单 7-1　使用比较操作符

67 CHAPTER 7 Decisions, Decisions

Listing 7.1 shows an example program using comparisons. Start a new file in the 
IDLE editor, type this program in, and save it—call it compare.py. Then Run it. Try running it 
several times, using different numbers. Try numbers where the first one is bigger, where the 
first one is smaller, and where the two numbers are equal, and see what you get.

num1 = float(raw_input("Enter the first number: "))
num2 = float(raw_input("Enter the second number: "))
if num1 < num2:
    print num1, "is less than", num2
if num1 > num2:
    print num1, "is greater than", num2
if num1 == num2:       
    print num1, "is equal to", num2
if num1 != num2:
    print num1, "is not equal to", num2

What happens if the test is false?
We’ve seen how to make Python do something if the result of a test is true. But what does it 
do if the test is false? In Python, there are three possibilities:

� Do another test. If the first test comes out false, you can get Python to test something 
else with the keyword elif, 
(which is short for “else if ”) like this:

Listing 7.1 Using the comparison operators

Remember that 
this is a double 
equal sign

if answer >= 10:
    print "You got at least 10!"
elif answer >= 5:
    print "You got at least 5!"
elif answer >= 3:
    print "You got at least 3!"

if
answer>=10

elif
answer>=5

elif
answer>=3

True

True

True

Got at 
least 10!

Got at 
least 5!

Got at 
least 3!

FalseFalseFalse

记住这是一个
双等号

7.5　如果测试为假会怎么样

我们已经看到了，如果测试的结果为真，Python 会做些什么。不过，如果测试

为假，Python 又会做一些什么呢？在 Python 中，有以下 3 种可能。

做另一个测试。如果第一个测试结果为假，可以利用关键字�� elif（这是 else 
if 的简写）让 Python 再做另一个测试，例如：

if answer >= 10:
    print "You got at least 10!"
elif answer >= 5:
    print "You got at least 5!"
elif answer >= 3:
    print "You got at least 3!"
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67 CHAPTER 7 Decisions, Decisions

Listing 7.1 shows an example program using comparisons. Start a new file in the 
IDLE editor, type this program in, and save it—call it compare.py. Then Run it. Try running it 
several times, using different numbers. Try numbers where the first one is bigger, where the 
first one is smaller, and where the two numbers are equal, and see what you get.

num1 = float(raw_input("Enter the first number: "))
num2 = float(raw_input("Enter the second number: "))
if num1 < num2:
    print num1, "is less than", num2
if num1 > num2:
    print num1, "is greater than", num2
if num1 == num2:       
    print num1, "is equal to", num2
if num1 != num2:
    print num1, "is not equal to", num2

What happens if the test is false?
We’ve seen how to make Python do something if the result of a test is true. But what does it 
do if the test is false? In Python, there are three possibilities:

� Do another test. If the first test comes out false, you can get Python to test something 
else with the keyword elif, 
(which is short for “else if ”) like this:

Listing 7.1 Using the comparison operators

Remember that 
this is a double 
equal sign

if answer >= 10:
    print "You got at least 10!"
elif answer >= 5:
    print "You got at least 5!"
elif answer >= 3:
    print "You got at least 3!"

if
answer>=10

elif
answer>=5

elif
answer>=3

True

True

True

Got at 
least 10!

Got at 
least 5!

Got at 
least 3!

FalseFalseFalse

Got at 
least 5!

Got at 
least 3!

Got at 
least 10!

在 if后面，elif语句你想要有多少就可以有多少。

如果所有其他测试结果都是假，做其他工作。这要利用�� else关键字完成。它

总是在最后出现，也就是完成 if和所有 elif语句之后。

if answer >= 10:
    print "You got at least 10!"
elif answer >= 5:
    print "You got at least 5!"
elif answer >= 3:
    print "You got at least 3!"
else:
    print "You got less than 3."

if 
answer>=10

elif
answer>=5

elif
answer>=3

T
r
u
e

T
r
u
e

T
r
u
e

Got at
least 10!

Got at
least 5!

Got at
least 3!

Got less
than 3!

FalseFalseFalse

else

继续。如果�� if块后面没有放任何其他东西，程序会继续执行下一行代码

（如果有的话），或者会结束（如果再没有更多代码）。

Got at 
least 5!

Got at 
least 3!

Got at 
least 10!
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68 Hello World!

You can have as many elif statements as you want after the if.

� Do something else if all the other tests come out false. You do this with the else 
keyword. This always goes at the end, after you’ve 
done the if and any elif statements:

� Move on. If you don’t put anything else after the if block, the program will continue on 
to the next line of code (if there is one) or it’ll end (if there is no more code).

Try making a program with the code above by adding a line at the beginning to input a 
number:

if answer >= 10:
    print "You got at least 10!"
elif answer >= 5:
    print "You got at least 5!"
elif answer >= 3:
    print "You got at least 3!"
else:
    print "You got less than 3."

if
answer>=10

elif
answer>=5

elif
answer>=3

True

True

True

Got at 
least 10!

Got at 
least 5!

Got at 
least 3!

FalseFalseFalse

else

if
answer>=10

elif
answer>=5

elif
answer>=3

True

True

True

Got at 
least 10!

Got at 
least 5!

Got at 
least 3!

FalseFalseFalse

else

answer = float(raw_input ("Enter a number from 1 to 15"))

试着用上面的代码建立一个程序，在最开始增加一行代码输入一个数：

answer = float(raw_input ("Enter a number from 1 to 15"))

记住要保存这个文件（这一次由你来选择文件名），再运行这个程序。用不同的

输入多试几次，看看会得到什么结果。

7.6　测试多个条件

如果想要测试好几件事情该怎么办？假设你要为 8 岁以上的人创建一个游戏，另外

你希望玩家至少上三年级。这就要满足两个条件。下面是测试这两个条件的一种方法：

69 CHAPTER 7 Decisions, Decisions

Remember to save the file (you pick the name this time), and then run it. Try it a few times 
with different inputs to see what you get.

Testing for more than one condition
What if we want to test for more than one thing? Let’s say you made a game that was for 
eight-year-olds and up, and you want to make sure the player is in at least third grade. 
There are two conditions to meet. Here is one way you could test for both conditions:

Notice that the first print line is indented eight spaces, not just four spaces. That’s because 
each if needs its own block, so each one has its own indenting.

Using “and”
That last example will work fine. But there is a shorter way to do the same thing. You can 
combine conditions like this:

We combined the two conditions using the and keyword. The and means that both of the 
conditions have to be true for the following block to execute.

age = float(raw_input("Enter your age: "))
grade = int(raw_input("Enter your grade: "))
if age >= 8 and grade >= 3:         
    print "You can play this game."
else:
    print "Sorry, you can’t play the game."

age = float(raw_input("Enter your age: "))
grade = int(raw_input("Enter your grade: "))
if age >= 8:
    if grade >= 3:
        print "You can play this game."
else:
    print "Sorry, you can’t play the game."

Combine conditions 
with “and”

 age>=8 grade>=3

False

False

TrueTrue

You can
play!

if
and

(Only get here if both
conditions are true)

注意第一个 print行缩进 8 个空格，而不只是 4 个空格。这是因为每个 if都需

要自己的代码块，所以都要缩进 4 个空格。

Got at 
least 5!

Got at 
least 3!

Got at 
least 10!
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提示
记住，如果你使用 Python 3 的话，需要将 raw_input() 替换为 input()，

调用 print时也需要加上括号，像这样：

print("You can play this game.")

7.7　使用 and

上面最后这个例子可以达到目的。不过还有一种更简便的方法来做同样的事情。

可以像下面这样结合两个条件：

69 CHAPTER 7 Decisions, Decisions

Remember to save the file (you pick the name this time), and then run it. Try it a few times 
with different inputs to see what you get.

Testing for more than one condition
What if we want to test for more than one thing? Let’s say you made a game that was for 
eight-year-olds and up, and you want to make sure the player is in at least third grade. 
There are two conditions to meet. Here is one way you could test for both conditions:

Notice that the first print line is indented eight spaces, not just four spaces. That’s because 
each if needs its own block, so each one has its own indenting.

Using “and”
That last example will work fine. But there is a shorter way to do the same thing. You can 
combine conditions like this:

We combined the two conditions using the and keyword. The and means that both of the 
conditions have to be true for the following block to execute.

age = float(raw_input("Enter your age: "))
grade = int(raw_input("Enter your grade: "))
if age >= 8 and grade >= 3:         
    print "You can play this game."
else:
    print "Sorry, you can’t play the game."

age = float(raw_input("Enter your age: "))
grade = int(raw_input("Enter your grade: "))
if age >= 8:
    if grade >= 3:
        print "You can play this game."
else:
    print "Sorry, you can’t play the game."

Combine conditions 
with “and”

 age>=8 grade>=3

False

False

TrueTrue

You can
play!

if
and

(Only get here if both
conditions are true)

用“and”结合多个条件

我们使用 and关键字来结合这两个条件。and表示两个条件都必须为真才能执

行下面的代码块。

 age>=8 grade>=3

F
a
l
s
e

F
a
l
s
e

TrueTrue

You can
play!

You can’t
play!

You can’t
play!

and

if

（只有两个条件都为真时才能执行到这里）

可以用 and把两个以上的条件放在一起：
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70 Hello World!

You can put more than two 
conditions together with and: 

If there are more than two conditions, all the conditions have to be true for the if state-
ment to be true. 

There are other ways of combining conditions too. 

Using “or”
The or keyword is also used to put conditions together. If you use or, the block is executed 
if any of the conditions are true. 

Using “not”
You can also flip around a comparison to mean the opposite, using not.

age = float(raw_input("Enter your age: "))
grade = int(raw_input("Enter your grade: "))
color = raw_input("Enter your favorite color: ")
if age >= 8 and grade >= 3 and color == "green":
    print "You are allowed to play this game."
else:
    print "Sorry, you can’t play the game."

color = raw_input("Enter your favorite color: ")
if color == "red" or color == "blue" or color == 

"green":
    print "You are allowed to play this game."
else:
    print "Sorry, you can’t play the game."

color = “red” color = “blue”

True

True

True

False

color = “green”

FalseFalse

You can
play!

if
or or

(Get here if any
condition is true)

age = float(raw_input("Enter your age: "))
if not (age < 8):
    print "You are allowed to play this game."
else:
    print "Sorry, you can’t play the game."

如果有两个以上的条件，所有条件都必须为真，这个 if语句才能为真。

还有其他方法来结合多个条件。

7.8　使用 or

or关键字也是用来把多个条件放在一起。如果使用 or，只要任意一个条件为

真，就会执行代码块。 color = raw_input("Enter your favorite color: ")

if color == "red" or color == "blue" or color == "green":

    print "You are allowed to play this game."

else:

    print "Sorry, you can't play the game."

color = “red” color = “blue”

T
r
u
e

T
r
u
e

T
r
u
e

False

color = “green”

FalseFalse

You can
play!

You can’t
play!

or or
else

if

（任何条件为真都会执行到这里）

7.9　使用 not

还可以用 not把比较倒过来，表示相反的逻辑。

color = raw_input("Enter your favorite color: ")

if color == "red" or color == "blue" or color == "green":

    print "You are allowed to play this game."

else:

    print "Sorry, you can't play the game."

" " " " " "
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这行代码        if not (age < 8):

与这行代码： if age >= 8:

两者的含义是一样的。在这两种情况下，如果年龄是 8 岁或者超过 8 岁就会执

行代码块，如果年龄小于 8 就不会执行。

第 4 章中，我们见过诸如 +、-、*和 / 等数学运算符。在本章中，我们了解了

比较操作符 <、>、== 等。and、or和 not关键字也是操作符。它们被称为逻辑操作

符（logical operator）。这些操作符用来修改比较，可以结合两个或多个比较（and和

or），或者取反（not）。

表 7-1 列出了目前为止我们讨论过的所有操作符。

表 7-1　数学和比较操作符列表

操作符 名　　字 作　　用

数学运算符

= 赋值 将一个值赋至一个名（变量）

+ 加 两个数相加。这个操作符也可以用来连接字符串

- 减 两个数相减

+= 自增 将一个数增 1

-= 自减 将一个数减 1

* 乘 两个数相乘

/ 除 两个数相除。如果两个数都是整数，结果只是整数商而没有余数

% 取余 得到两个数整除的余数

** 求幂 将一个数自乘得到幂。这个数以及幂可以是整数或浮点数

比较操作符

== 相等 检查两个东西是否相等

< 小于 检查第一个数是否小于第二个数

> 大于 检查第一个数是否大于第二个数

<= 小于或等于 检查第一个数是否小于或等于第二个数

>= 大于或等于 检查第一个数是否大于或等于第二个数

!=

<>

不等于 检查两个东西是否不相等（这两个操作符都可以使用）

你可能想在这一页上夹个书签，这样下次就能很容易地查阅这个表了。

72 Hello World!

You might want to bookmark this page so you can refer back to this table easily.

What did you learn?

In this chapter, you learned about 

� comparison tests and the relational operators.
� indenting and blocks of code.
� combining tests using and and or.
� reversing a test using not.

Test your knowledge
1 What will the output be 

when this program is run:

2 From the program in the first question, what will the output be if you change 
my_number to 25?

3 What kind of if statement would you use to check if a number was greater than 30 
but less than or equal to 40?

4 What kind of if statement would you use to check if the user entered the letter “Q” in 
either uppercase or lowercase? 

Try it out 
1 A store is having a sale. They’re giving 10 percent off purchases of $10 or lower, and 20 

percent off purchases of greater than $10. Write a program that asks the purchase 
price and displays the discount (10% or 20%) and the final price.

2 A soccer team is looking for girls from ages 10 to 12 to play on their team. Write a pro-
gram to ask the user’s age and if male or female (using “m” or “f ”). Display a message 
indicating whether the person is eligible to play on the team.

Bonus: Make the program so that it doesn’t ask for the age unless the user is a girl.

!=
<>

Not equal to Checks whether two things are not equal. (Either operator can be 
used.)

Table 7.1 List of math and comparison operators (continued)

Operator Name What it does

my_number = 7
if my_number < 20:
    print 'Under 20'
else:
    print '20 or over'
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你学到了什么

在这一章，你学到了以下内容。

比较测试和关系操作符。��

缩进和代码块。��

使用�� and和 or结合测试。

使用�� not来进行反向测试。

测试题

1. 运行这个程序会得到什么输出：

72 Hello World!

You might want to bookmark this page so you can refer back to this table easily.

What did you learn?

In this chapter, you learned about 

� comparison tests and the relational operators.
� indenting and blocks of code.
� combining tests using and and or.
� reversing a test using not.

Test your knowledge
1 What will the output be 

when this program is run:

2 From the program in the first question, what will the output be if you change 
my_number to 25?

3 What kind of if statement would you use to check if a number was greater than 30 
but less than or equal to 40?

4 What kind of if statement would you use to check if the user entered the letter “Q” in 
either uppercase or lowercase? 

Try it out 
1 A store is having a sale. They’re giving 10 percent off purchases of $10 or lower, and 20 

percent off purchases of greater than $10. Write a program that asks the purchase 
price and displays the discount (10% or 20%) and the final price.

2 A soccer team is looking for girls from ages 10 to 12 to play on their team. Write a pro-
gram to ask the user’s age and if male or female (using “m” or “f ”). Display a message 
indicating whether the person is eligible to play on the team.

Bonus: Make the program so that it doesn’t ask for the age unless the user is a girl.

!=
<>

Not equal to Checks whether two things are not equal. (Either operator can be 
used.)

Table 7.1 List of math and comparison operators (continued)

Operator Name What it does

my_number = 7
if my_number < 20:
    print 'Under 20'
else:
    print '20 or over'

2. 基于第一个问题中的程序，如果把 my_number改为 25，输出会是什么？

3. 要检查一个数是否大于 30 但小于或等于 40，要用哪种 if语句？

4. 要检查用户输入的字母“Q”是大写还是小写，要使用哪种 if语句？

动手试一试

1.  一家商场在降价促销。如果购买金额低于或等于 10 元，会给 10% 的折扣，

如果购买金额大于 10 元，会给 20% 的折扣。编写一个程序，询问购买价格，

再显示折扣（10% 或 20%）和最终价格。

2.  一个足球队在寻找年龄在 10 到 12 岁之间的小女孩加入。编写一个程序，询问

用户的年龄和性别（m 表示男性，f 表示女性）。显示一条消息指出这个人是否

可以加入球队。

　额外提示：要合理地建立程序，如果用户不是女孩就不必询问年龄。

3.   你在长途旅行，刚到一个加油站，距下一个加油站还有 200 km。编写一个程

序确定是不是需要在这里加油，还是可以等到下一个加油站再加油。

　这个程序应当问下面几个问题。

你的油箱有多大（单位是升）？��

油箱有多满（按百分比，例如，半满就是 50%）？��

你的汽车每升油可以走多远（km）？��

　 输出应该像这样：

73 CHAPTER 7 Decisions, Decisions

3 You’re on a long car trip and arrive at a gas station. It’s 200 km to the next station. 
Write a program to figure out if you need to buy gas here, or if you can wait for the 
next station.

The program should ask these questions:

� How big is your tank, in liters?
� How full is your tank (in percent—for example, half full = 50)?
� How many km per liter does your car get?

The output should 
look something like this:

                                         or 

Bonus: Include a 5 liter buffer in your program, in case the fuel gauge isn’t accurate.

4 Make a program where the user has to enter a secret password to use the program. 
You’ll know the password, of course (because it’ll be in your code). But your friends 
will either have to ask you, guess the password, or learn enough Python to look at the 
code and figure it out!

The program can be anything you want, including one you have already written, or 
just a simple one that displays a message like “You’re in!” when he enters the right 
password.

Size of tank:  60
percent full:  40
km per liter:  10
You can go another 240 km
The next gas station is 200 km away
You can wait for the next station.

Size of tank:  60
percent full:  30
km per liter:  8
You can go another 144 km
The next gas station is 200 km away
Get gas now!
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　 或   

73 CHAPTER 7 Decisions, Decisions

3 You’re on a long car trip and arrive at a gas station. It’s 200 km to the next station. 
Write a program to figure out if you need to buy gas here, or if you can wait for the 
next station.

The program should ask these questions:

� How big is your tank, in liters?
� How full is your tank (in percent—for example, half full = 50)?
� How many km per liter does your car get?

The output should 
look something like this:

                                         or 

Bonus: Include a 5 liter buffer in your program, in case the fuel gauge isn’t accurate.

4 Make a program where the user has to enter a secret password to use the program. 
You’ll know the password, of course (because it’ll be in your code). But your friends 
will either have to ask you, guess the password, or learn enough Python to look at the 
code and figure it out!

The program can be anything you want, including one you have already written, or 
just a simple one that displays a message like “You’re in!” when he enters the right 
password.

Size of tank:  60
percent full:  40
km per liter:  10
You can go another 240 km
The next gas station is 200 km away
You can wait for the next station.

Size of tank:  60
percent full:  30
km per liter:  8
You can go another 144 km
The next gas station is 200 km away
Get gas now!

　 额外提示：程序中包含一个 5 升的缓冲区，以防油表不准。

4.  建立一个程序，用户必须输入密码才能使用这个程序。你当然知道密码（因

为它会写在你的代码中）。不过，你的朋友要得到这个密码就必须问你或者直

接猜，也可以学习足够的 Python 知识查看代码来找出密码！

　 对程序没什么要求，可以是你已经编写的程序，也可以是一个非常简单的程

序，只在用户输入正确的口令时显示一条“You’re in!”之类的消息。
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第 8 章

转　圈　圈

对大多数人来说，反复地做同样的事情很烦人，既然如此，为什么不让计算机

来为我们做这些事情呢？计算机从来不会觉得烦，所以它们非常擅长去完成重复的

任务。在这一章中我们就来看如何让计算机做重复的事情。

计算机程序通常会周而复始地重复同样的步骤，这称为循环（looping）。主要有

两种类型的循环：

重复一定次数的循环，称为计数循环（counting loop）；��

重复直至发生某种情况时结束的循环，称为条件循环（conditional loop），因��

为只要条件为真，这种循环会一直持续下去。
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8.1　计数循环

第一种循环称为计数循环。我们还听过有人把它叫做 for循环，因为很多语言

（包括 Python）在程序中都使用 for关键字来创建这种类型的循环。

下面就来尝试使用计数循环的程序。在 IDLE 中使用 File（文件） New（新

建）命令打开一个新的文本编辑器窗口（就像写第一个程序时一样）。然后键入代码

清单 8-1 中的程序。

代码清单 8-1　一个非常简单的 for循环

for looper in [1, 2, 3, 4, 5]:
    print "hello"

把它保存为 Loop1.py，运行这个程序（可以使用 Run（运行） Run Module
（运行模块）菜单，也可以用快捷键 F5）。

你会看到这样的结果：

75 CHAPTER 8 Loop the Loop

Counting loops
The first kind of loop is called a counting loop. You’ll also hear it called a for loop, because 
many languages, including Python, use the for keyword to create this kind of loop in a 
program. 

Let’s try a program that uses a counting loop. Start a new text editor window in IDLE, using 
the File > New command (like we did for our first program). Then type in the program in list-
ing 8.1.

for looper in [1, 2, 3, 4, 5]:
    print "hello"

Save it as Loop1.py and run it. (You can use the Run > Run Module menu, or the shortcut of 
pressing the F5 key.)

You should see something like this:

Hey, is there an echo in here? The program 
printed “hello” five times, even though 
there was only one print statement. How? 
The first line (for looper in [1, 2, 3, 
4, 5]:) translated into plain English 
means this:

1 looper will start with the value 1 (so 
looper = 1).

2 The loop will do whatever is in the 
next block of instructions one time for 
each value in the list. (The list is those 
numbers in square brackets.)

3 Each time through the loop, the vari-
able looper is assigned the next value 
in the list.

Listing 8.1  A very simple for loop

>>> ================ RESTART ================
>>>
hello
hello
hello
hello
hello
>>>

Here we
go again...

嘿，是不是有重复？虽然这里只有一个 print

语句，但程序显示了 5 次“hello”。这是怎

么做到的？第一行（for looper in [1, 

2, 3, 4, 5]:）翻译成我们的语言就表

示。

(1)  变量 looper的值从 1 开始（所以

looper = 1）。

(2)  对应列表中的每一个值，这个循环会

把下一个指令块中的所有工作完成

一次。（列表就是中括号中的那些

数）。

(3)  每次执行循环时，变量 looper会

赋为这个列表中的下一个值。

我们又 
来了……
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第二行（print "hello"）就是 Python 每次循环时要执行的代码块。for循环

需要一个代码块来告诉程序每次循环时做什么。这个代码块（缩进的代码部分）称

为循环体（body of the loop）。（还记得吧？上一章我们讨论过缩进和代码块。）

下面来试试别的。这一次不再是每次都打印相同的东西，下面让它每次循环时

打印不同的东西。代码清单 8-2 就会做这个工作。

代码清单 8-2　每次 for 循环做不同的事情

for looper in [1, 2, 3, 4, 5]:
    print looper

把这个程序保存为 Loop2.py，并运行。

结果应该类似于：

76 Hello World!

Once I made a 
mistake in a program, 

and it kept looping 
forever! 

How can I stop 
a runaway loop?

S

The second line (print "hello") is the block of code that Python will execute each time 
around the loop. A for loop needs a block of code to tell the program what to do in each 
loop. That block (the indented part of the code) is called the body of the loop. (Remember, we 
talked about indenting and blocks in the last chapter.) 

Let’s try something else. Instead of printing the same thing every time, let’s make it print 
something different every time through the loop. Listing 8.2 does this.

for looper in [1, 2, 3, 4, 5]:
    print looper

Save this as Loop2.py and run it. 
The results should look like this:

This time, instead of printing “hello” five times, it printed the value of the variable looper. 
Each time through the loop, looper takes the next value in the list.

Runaway loops

The same thing has happened to me, Carter! 
Runaway loops (also called endless loops or 
infinite loops) happen to every programmer 
once in a while. To stop a Python program at 
any time (even in a runaway loop), press 
CTRL-C. That means you press and hold 

down the CTRL key, and while holding it 
down, press the C key. This will come in very 

handy later! Games and graphics programs are constantly 
running in a loop. They need to keep getting input from the mouse, 

keyboard, or game controller, process that input, and update the 

Listing 8.2 Doing something different each time through the for loop

Each time through the loop is called an iteration.

>>> ================ RESTART ================
>>>
1
2
3
4
5
>>>

术语箱
每次循环称为一次迭代（iteration）。

这一次不再打印 5 次“hello”了，它会打印变量 looper的值。每次循环时，

looper会取列表中的下一个值。

失控的循环

卡特，我也遇到过同样的问

题！每一个程序员都曾经遭遇过

失控的循环（也叫做无限循环）。任

何时刻（甚至在失控循环中）要停

止一个 Python 程序，只需要按下

CTRL-C，即按下 CTRL 键的同时再按

下 C 键。以后你会发现这非常方便！游戏和图形程序

通常都在一个循环中运行。这些程序需要不断从鼠标、键

盘或游戏控制器得到输入，然后处理这个输入，并更新屏幕。

开始写这种程序时，我们会大量使用循环。所以你的某个程序

我在程序里犯了个错
误，它就永远循环下

去了！

怎么才能让失控的
的循环停下来呢？
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很有可能会在某一点陷入循环，

所以你要知道如何让它脱身！

我怎么才能 
离开这里？

此
路

不
通

此路不通

此
路

不
通

此
路
不
通

中括号做什么用

你可能已经注意到，循环值的列表包围在中括号里。Python 就是利用中括号以

及数之间的逗号来建立列表（list）。稍后就会学习列表（准确地讲，是在第 12 章）。

不过对现在来说，只要知道列表就是一种“容器”，可以用来存放一堆东西。在这

里，这些东西就是数，也就是每次循环迭代时 looper所取的值。

8.2　使用计数循环

现在利用循环做点有意义的事情。下面打印一个乘法表。这里只对前面的程序

做一个小小的修改。这个新版本的程序见代码清单 8-3。

代码清单 8-3　打印 8 的乘法表

for looper in [1, 2, 3, 4, 5]:
    print looper, "times 8 =", looper * 8

把这个程序保存为 Loop3.py，然后运行。你会看到这样的结果：

77 CHAPTER 8 Loop the Loop

How do I get 
out of here?

screen. When we start writing these kinds of 
programs, we’ll be using lots of loops. 
There’s a good chance one of your 
programs will get stuck in a loop at some 
point, so you need to know how 
to get it unstuck!

What are the square brackets for?

You might have noticed that our list of loop values is enclosed in square brackets. The 
square brackets and the commas between the numbers are the way you make a list in 
Python. We’ll learn more about lists soon (in chapter 12, to be exact). But for now, just know 
that a list is a kind of “container” for storing a bunch of things together. In this case, the 
things are numbers—the values that looper takes as it goes through different iterations of 
the loop. 

Using a counting loop
Now let’s do something a bit more useful with loops. Let’s print a multiplication table. It 
only takes a small change to our program. The new version is in listing 8.3.

for looper in [1, 2, 3, 4, 5]:
    print looper, "times 8 =", looper * 8

Save it as Loop3.py, and run it. You should see something like this:

Listing 8.3 Printing the 8 times table

>>> =================== RESTART ===================
>>>
1 times 8 = 8
2 times 8 = 16
3 times 8 = 24
4 times 8 = 32
5 times 8 = 40
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现在我们终于见识了循环的威力。如果没有循环，要得到同样的结果必须编写

这样一个程序：

78 Hello World!

Now we’re starting to see the power of loops. Without loops, we’d have had to write a 
program like this one to get the same result:

To make a longer multiplication table (say, up to 10 or 20), this program would be a lot 
longer, but our loop program would be almost the same (just with more numbers in the 
list). Loops make this much easier!

A shortcut—range()
In the previous example, we only looped 5 times:

But what if we wanted the loop to run 100 times, or 1000 times? That would be a lot of typing!

Luckily, there’s a shortcut. The range() function lets you just enter the starting and ending 
values, and it creates all the values in between for you. range() creates a list containing a 
range of numbers.

Listing 8.4 uses the range() function in our multiplication table example.

for looper in range (1, 5):
    print looper, "times 8 =", looper * 8

Listing 8.4 A loop using range()

print "1 times 8 =", 1 * 8
print "2 times 8 =", 2 * 8
print "3 times 8 =", 3 * 8
print "4 times 8 =", 4 * 8
print "5 times 8 =", 5 * 8

for looper  in [1, 2, 3, 4, 5]:

for looper in [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,...

要建立一个更长的乘法表（比如说，从 1 到 10 或者到 20），这个程序可能会更

长，不过我们的循环程序几乎不变（只不过列表中会有更多的数）。循环使问题简单

多了！

8.3　一条捷径——range()

在上面的例子中，我们只循环了 5 次： for looper in [1, 2, 3, 4, 5]: 

如果希望循环运行 100 次或者 1000 次呢？这就得键入很多很多的数！

很幸运，这里有一条捷径。利用 range()函数，你可以只输入起始值和结束值，

它就会为你创建这二者之间的所有值。range()会创建一个列表，其中包含某个范

围内的数。

代码清单 8-4 仍然使用我们在乘法表中用到的例子，不过这里使用了 range()

函数。

代码清单 8-4　使用 range()的循环

for looper in range (1, 5):
    print looper, "times 8 =", looper * 8

嗒 嗒
嗒

嗒
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把这个程序保存为 Loop4.py 并运行（可以使用 Run（运行） Run Module（运

行模块）菜单，或者按下快捷键 F5）。你会看到这样的结果：

79 CHAPTER 8 Loop the Loop

Save this as Loop4.py, and run it. (You can use the Run > Run Module menu, or the shortcut 
of pressing the F5 key.) You should see something like this:

It’s almost the same as the first one . . . except that it missed the last loop! Why?

The answer is that range (1, 5) gives us the list
[1, 2, 3, 4]. You can try this in interactive mode:

Why not 5?

Well, that’s just the way the range() function works. It gives you a list of numbers starting 
at the first number and ending just before the last number. You need to take that into 
account and adjust the range to get the number of loops you want.

Listing 8.5 shows our program modified to give us the 8 times table up to 10.

for looper in range(1, 11):
    print looper, "times 8 =", looper * 8

And here’s what 
we get when we run it:

In the program in listing 8.5, range(1, 11) gave us a list of numbers from 1 to 10, and the 
loop did one iteration for each number in the list. Each time through the loop, the variable 
looper took the next value in the list.

By the way, we called our loop variable looper, but you can call it anything you want.

Listing 8.5 Printing the 8 times table up to 10 using range()

>>> ================= RESTART =================
>>>
1 times 8 = 8
2 times 8 = 16
3 times 8 = 24
4 times 8 = 32

>>> print range(1, 5)
[1, 2, 3, 4]

>>> ================== RESTART ==================
>>>
1 times 8 = 8
2 times 8 = 16
3 times 8 = 24
4 times 8 = 32
5 times 8 = 40
6 times 8 = 48
7 times 8 = 56
8 times 8 = 64
9 times 8 = 72
10 times 8 = 80

基本上与第一个结果完全相同……不过少了最后一次循环！为什么呢？

答案在于，range (1, 5)给出的列表是 [1, 2, 3, 4]。你可以在交互模式中

试试看： >>> print range(1, 5)
[1, 2, 3, 4]

为什么没有 5 呢？

嗯，这正是 range()函数的做法。它会提供一个数字列表，从给定的第一个数

开始，在给定的最后一个数之前结束。必须考虑到这一点，调整范围来得到想要的

循环次数。

Range
如果你在 Python 3 中这样做，结果会有点不一样：

>>> print(range(1, 5))

range(1,5)

这是因为在 Python 3 中 range() 函数不会提供一个数字列表，而是

会提供一个“可迭代”（iterable）的东西，你可以使用循环来遍历它。（前

文的“术语箱”中提到过的。）

如果在 for 循环中使用 range()，则其工作方式是完全一样的，只

是内部机制略有不同而已。

代码清单 8-5 给出了修改后的程序，它会给出 8 的乘法表（从 1 到 10）。
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代码清单 8-5　使用 range()打印 8 的乘法表（从 1 到 10）

for looper in range(1, 11):
    print looper, "times 8 =", looper * 8

运行这个程序时会得到下面的结果：

79 CHAPTER 8 Loop the Loop

Save this as Loop4.py, and run it. (You can use the Run > Run Module menu, or the shortcut 
of pressing the F5 key.) You should see something like this:

It’s almost the same as the first one . . . except that it missed the last loop! Why?

The answer is that range (1, 5) gives us the list
[1, 2, 3, 4]. You can try this in interactive mode:

Why not 5?

Well, that’s just the way the range() function works. It gives you a list of numbers starting 
at the first number and ending just before the last number. You need to take that into 
account and adjust the range to get the number of loops you want.

Listing 8.5 shows our program modified to give us the 8 times table up to 10.

for looper in range(1, 11):
    print looper, "times 8 =", looper * 8

And here’s what 
we get when we run it:

In the program in listing 8.5, range(1, 11) gave us a list of numbers from 1 to 10, and the 
loop did one iteration for each number in the list. Each time through the loop, the variable 
looper took the next value in the list.

By the way, we called our loop variable looper, but you can call it anything you want.

Listing 8.5 Printing the 8 times table up to 10 using range()

>>> ================= RESTART =================
>>>
1 times 8 = 8
2 times 8 = 16
3 times 8 = 24
4 times 8 = 32

>>> print range(1, 5)
[1, 2, 3, 4]

>>> ================== RESTART ==================
>>>
1 times 8 = 8
2 times 8 = 16
3 times 8 = 24
4 times 8 = 32
5 times 8 = 40
6 times 8 = 48
7 times 8 = 56
8 times 8 = 64
9 times 8 = 72
10 times 8 = 80

在代码清单 8-5 的程序中，range(1, 11)给出从 1 到 10 的一个数字列表，对

于列表中的每一个数会完成一次循环迭代。每次循环时，变量 looper就取列表中的

下一个值。

顺便说一句，我们把循环变量叫做 looper，不过也可以取你喜欢的任何名字。

8.4　风格问题—循环变量名

循环变量与其他变量一样。它没有任何特殊之处，只是对应一个值的名字而已。

将这个变量用作循环计数器也是可以的。

之前我们说过，要使用能够描述变量用途的变量名。正是这个原因，我们在前

一个例子中选择了 looper这个名字。不过，有时可以有些例外，循环变量就属于这

种例外。这是因为，编程中有一个惯例（应该记得，惯例就是表示通用的做法），通

常使用字母 i、j、k等作为循环变量。

从前的美好时光

为什么用 i、j 和 k 循环？

这是因为早先的程序员一直用程序来计算数学问题，而数

学中 a、b、c 和 x、 y、z 已经有其他用途。另外，在当时一种流

行的编程语言中，变量 i、j 和 k 总是整数，不能把它们创建为

任何其他类型。由于循环计数器总是整数，所以程序员总是选

择 i、j 和 k 来作为循环计数器，这也成为了一种通用的做法。
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由于很多人都使用 i、j、k作为循环变量，程序员在程序中也习惯了这种做法。

当然也可以用其他名字作为循环变量（就像前面的例子中一样），不过，除了作为循

环变量，i、j、k不应当有其他用途。

如果采用这个惯例，程序就会像这样： for i in range (1, 5):
    print i, "times 8 =", i * 8

它的用法完全相同。（你可以试试看！）

为循环变量选择什么名字属于风格问题。风格（style）就是你的程序看上去怎

么样，而与程序能不能正常工作无关。不过，如果与其他程序员采用相同的风格，

你的程序就会更易读、更易于理解，也更易于调试。同时，你也会更加习惯这种风

格，能够更轻松地读懂其他人的程序。

range()简写

不一定非得为 range()提供两个数（像在代码清单 8-5 中那样），可以只提供一

个数： for i in range (5):

这与写作： for i in range (0, 5):

完全相同，同样会提供以下数字列表：[0, 1, 2, 3, 4]。

实际上，大多数程序员都从 0 开始循环而不是从 1 开始。如果使用 range(5)，

会得到循环的 5 次迭代，这很容易记住。只是需要知道，第一次循环时 i将等于 0
而不是 1，而最后一次循环时，它将等于 4 而不是 5。

从前的美好时光

为什么大多数程序员从 0 而不是 1 开始循环呢？

是这样的，从前，有些人坚持从 1 开始，有些人则坚持从

0 开始。他们对于哪一种做法更好有过激烈的争论。最终，坚持

从 0 开始的人胜利了。

所以就出现了现在的情况，如今大多数人都从 0 开始循环，

不过你可以根据自己的喜好选择任何一种做法。只是要记住，

需要调整上界来得到正确的迭代次数。
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只是为了好玩，
我用这样一个字
符串来完成循

环：

运行这个程序时，居
然得到这个结果！

这是怎么回事？

>>> for letter in "Hi there":
        print letter

嗯，卡特，你已经发现字符串的一些规律了。字符串就像一个字符列表，我们已

经学过：计数循环使用列表来完成迭代。这说明，也可以利用一个字符串来循环。字

符串中的每个字符对应循环中的一次迭代。所以，如果打印循环变量（在这个例子中

卡特把他的循环变量取名为 letter），就会打印出这个字符串中的所有字母，一次打

印一个字母。因为每个 print语句都会换行，所以每个字母分别打印在单独的一行上。

你可以像卡特一样，多做一些尝试，这是一种很好的学习方法！

8.5　按步长计数

到目前为止，我们的计数循环都是每次迭代时计数增 1。如果希望循环按步长为

2 来计数该怎么做？或者步长为 5 呢？或者 10 呢？还有，如果想反向计数，又该怎

么做呢？

range()函数可以有一个额外的参数，利用这个参数可以把步长从默认的 1 改

为不同的值。
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术语箱
参数（argument）就是使用类似 range()的函数时放在括号里的值。我们

说，向函数传入了参数。有时也用形参（parameter）这个词，如传递形参。我们

将在第 13 章了解更多关于函数、参数和形参的内容。

我们想在交互模式中尝试几个循环。键入第一行时，由于末尾有冒号，IDLE 会

自动为你缩进下一行，因为它知道 for循环后面需要有一个代码块。完成这个代码

块后，按两次回车键。试试看： >>> for i in range(1, 10, 2):

        print i

1

3

5

7

9

这里向 range()函数增加了第 3 个参数 2。现在循环按步长 2 计数。再来试一

个： >>> for i in range(5, 26, 5):

        print i

    

5

10

15

20

25

这是按步长 5 来循环的。反向计数呢？ >>> for i in range(10, 1, -1):

        print i

    

10

9

8

7

6

5

4

3

2

range()函数中的第 3 个参数是负数时，循环会向下计数，而不是向上计数。

应该记得，循环会从一个数开始，向上（或向下）直到（但不包括）第二个数，所

以在最后一个例子中，我们只向下计数到 2，而不是 1。
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嘿，谁把我们放
反了？

可以利用这一点来建立一个倒计时的定时器程序。只需要再增加两行代码。在

IDLE 中打开一个新的编辑器窗口，键入代码清单 8-6 中的程序。试着运行这个程序。

83 CHAPTER 8 Loop the Loop

Now we’re stepping by 5. 
How about counting backwards?

When the third parameter in the range() function is negative, the loop counts down instead 
of up. Remember that the loop starts at the first number and goes up to (or down to) but 
not including the second number, so in our last example we only got down to 2, not 1.

We can use this to make a countdown timer program. We only need to add a couple more 
lines. Open a new editor window in IDLE and type in the program in listing 8.6. Then try 
running it. 

import time
for i in range (10, 0, -1):
    print i
    time.sleep(1)  
print "BLAST OFF!"

Don’t worry about the stuff in the program that I haven’t told you about yet, like import, 
time, and sleep. We’re going to find out all about that in the following chapters. Just try the 

Listing 8.6 Ready for lift-off?

>>> for i in range(10, 1, -1):
    print i

10
9
8
7
6
5
4
3
2

Hey, who put
us in reverse?

Counts 
backwards

Waits one 
second

反向计数

等待 1 秒

代码清单 8-6　准备好了吗？

先不用担心这个程序里还没有讲到的内容，比如说 import、time和 sleep。所

有这些内容都会在后面的章节中讲清楚。你只需要试着运行代码清单 8-6 中的程序，

看看它是怎么工作的。这里的关键是 range(10,0,-1)部分，它会让循环从 10 反向

计数到 1。

8.6　没有数字的计数

在所有前面的例子中，循环变量都是一个数。按编程术语来讲，可以这么说：循

环迭代处理一个数字列表。但是列表不一定非得是数字列表。从卡特的试验我们看到，

它也可以是字符列表（一个字符串），还可以是一个字符串列表，或者是其他列表。

要了解它如何工作，最好的办法就是举个例子来说明。试着运行代码清单 8-7 中

的程序，看看会发生什么。
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代码清单 8-7　谁最酷 ?

for cool_guy in ["Spongebob", "Spiderman", "Justin Timberlake", "My Dad"]:
    print cool_guy, "is the coolest guy ever!"

现在，我们不再是循环处理一个数字列表，这里会循环处理一个字符串列表。

而且不再将 i作为循环变量，我使用的是 cool_guy。每次循环时，循环变量 cool_

guy会取列表中一个不同的值。这仍然是一种计数循环，因为尽管列表不是数字列

表，Python 也要统计列表中有多少项来确定循环多少次。（这一次我没有显示输出，

你可以自己运行程序来看看结果。）

不过，如果我们无法提前知道需要多少次迭代呢？如果没有可用的值列表呢？

别着急，接下来就会讲到！

8.7　关于这个问题……

我们刚才学习了第一种的循环，也就是 for循环或计数循环。第二种循环称为

while循环或条件循环。

如果你能提前知道希望循环运行多少次，那么 for循环很合适。不过，有时你

可能希望循环一直运行，直到发生某种情况时才结束，而且你不知道发生这种情况

之前会有多少次迭代。这就可以使用 while循环来实现。

上一章中，我们了解了条件和测试，还学习了 if语句。while循环并不统计运

行多少次循环，它会使用一个测试来确定什么时候停止循环。while循环也称为条

件循环（conditional loop）。条件循环会在满足某个

条件时一直保持循环。

基本说来，while循环会一直问

“完了吗？……完了吗？……完了

吗？……”，直到完成。它会在条件

不再为真时完成。

while 循 环 使 用 Python 关 键 字

while。代码清单 8-8 给出了一个例子。你可以

键入这个程序，试着运行，看看它是如何工作的。（要记住，一定要先保存再运行。）

完了吗？

还
没 有 完 成 完成
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就是现在！
该跳出来了！

85 CHAPTER 8 Loop the Loop

That’s it!
Time to bail!

NOT DONE YET

Am I
done yet?

DONE

Basically, a while loop keeps asking “Am I done 
yet? . . . Am I done yet? . . . Am I done yet? 
. . .” until it’s done. It’s done when the 
condition is no longer true.

While loops use the Python key-
word while. Listing 8.8 shows an 
example. Type the program in, try 
it, and see how it works. (Remember, 
you have to Save it and then Run it.)

print "Type 3 to continue, anything else to quit."
someInput = raw_input()
while someInput == '3': 
    print "Thank you for the 3.  Very kind of you."
    print "Type 3 to continue, anything else to 

quit."
    someInput = raw_input()
print "That's not 3, so I'm quitting now."

This program keeps asking for input from the user. While the input is equal to 3, the condi-
tion is true, and the loop keeps running. That’s why this kind of conditional loop is also 
called a while loop, and it uses the Python while keyword. When the input is not equal to 3, 
the condition is false, and the loop stops.

Bailing out of a loop—break and continue
There are times when you want to get out of a 
loop in the middle, before a for loop is 
finished counting, or before a while loop has 
found its end condition. There are two ways 
to do this: you can jump ahead to the next 
iteration of the loop with continue, or you 
can stop looping altogether with break. 
Let’s look at these more closely.

Jumping ahead—continue

If you want to stop executing the current iteration of the loop and skip ahead to the next 
iteration, the continue statement is what you need. The best way to show this is with an 
example. Look at listing 8.9.

Listing 8.8 A conditional or while loop

Keep looping 
as long as 
someInput ='3'

Body of the loop

只要 someInput ='3'
就一直循环

循环体

代码清单 8-8　条件或 while循环

这个程序不断向用户请求输入。当输入等于 3 时，条件为 true，循环继续运

行。正是这个原因，这种条件循环也称为 while循环，它使用了 Python 的 while关

键字。输入不等于 3 时，条件为 false，循环停止。

8.8　跳出循环——break 和 continue

有时可能希望在中间离开循环，也就是 for循环结束计数之前，或者 while循

环找到结束条件之前。有两种方法来做到：可以用 continue直接跳到循环的下一次

迭代，或者用 break完全中止循环。下面会更详细

地说明。

提前跳转—continue

如果希望停止执行循环的当前迭代，

提前跳到下一次迭代，你需要的就是一

条 continue语句。要说明这一点，最好

的办法就是看一个例子，请看代码清单 8-9。
86 Hello World!

for i in range (1, 6):
    print
    print 'i =', i,
    print 'Hello, how',
    if i == 3:
        continue
    print 'are you today?'

If we run this program, 
the output looks like this:

Notice that, the third time through the loop (when i == 3), the body of the loop didn’t 
finish—it jumped ahead to the next iteration (i == 4). That was the continue statement 
at work. It works the same way in while loops.

Bailing out—break

What if we want to jump out of the loop completely—never finish counting, or give up 
waiting for the end condition? The break statement does that.

Let’s change only line 6 of listing 8.9, replacing continue with break, and rerun the program 
to see what happens.

This time, the loop didn’t just skip the rest of iteration 3; it stopped altogether. That’s what 
break does. It works the same way in while loops. 

I should tell you that some people think using break and continue is a bad idea. Personally, 
I don’t think they’re bad, but I rarely use them. I thought I’d tell you about break and 
continue just in case you ever need them. 

Listing 8.9 Using continue in a loop

>>> ================== RESTART ==================
>>> 

i = 1 Hello how are you today?

i = 2 Hello how are you today?

i = 3 Hello how
i = 4 Hello how are you today?

i = 5 Hello how are you today?

>>> ================== RESTART ==================
>>> 

i = 1 Hello how are you today?

i = 2 Hello how are you today?

i = 3 Hello how

代码清单 8-9　循环中使用 continue 

运行这个程序时，输出如下：

86 Hello World!

for i in range (1, 6):

    print

    print 'i =', i,

    print 'Hello, how',

    if i == 3:

        continue

    print 'are you today?'

If we run this program, 
the output looks like this:

Notice that, the third time through the loop (when i == 3), the body of the loop didn’t 
�nish—it jumped ahead to the next iteration (i == 4). That was the continue statement 
at work. It works the same way in while loops.

Bailing out—break

What if we want to jump out of the loop completely—never �nish counting, or give up 
waiting for the end condition? The break statement does that.

Let’s change only line 6 of listing 8.9, replacing continue with break, and rerun the program 
to see what happens.

This time, the loop didn’t just skip the rest of iteration 3; it stopped altogether. That’s what 
break does. It works the same way in while loops. 

I should tell you that some people think using break and continue is a bad idea. Personally, 
I don’t think they’re bad, but I rarely use them. I thought I’d tell you about break and 
continue just in case you ever need them. 

Listing 8.9 Using continue in a loop

>>> ================== RESTART ==================

>>> 

i = 1 Hello, how are you today?

i = 2 Hello, how are you today?

i = 3 Hello, how

i = 4 Hello, how are you today?

i = 5 Hello, how are you today?

>>> ================== RESTART ==================

>>> 

i = 1 Hello, how are you today?

i = 2 Hello, how are you today?

i = 3 Hello, how
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86 Hello World!

for i in range (1, 6):

    print

    print 'i =', i,

    print 'Hello, how',

    if i == 3:

        continue

    print 'are you today?'

If we run this program, 
the output looks like this:

Notice that, the third time through the loop (when i == 3), the body of the loop didn’t 
�nish—it jumped ahead to the next iteration (i == 4). That was the continue statement 
at work. It works the same way in while loops.

Bailing out—break

What if we want to jump out of the loop completely—never �nish counting, or give up 
waiting for the end condition? The break statement does that.

Let’s change only line 6 of listing 8.9, replacing continue with break, and rerun the program 
to see what happens.

This time, the loop didn’t just skip the rest of iteration 3; it stopped altogether. That’s what 
break does. It works the same way in while loops. 

I should tell you that some people think using break and continue is a bad idea. Personally, 
I don’t think they’re bad, but I rarely use them. I thought I’d tell you about break and 
continue just in case you ever need them. 

Listing 8.9 Using continue in a loop

>>> ================== RESTART ==================

>>> 

i = 1 Hello, how are you today?

i = 2 Hello, how are you today?

i = 3 Hello, how

i = 4 Hello, how are you today?

i = 5 Hello, how are you today?

>>> ================== RESTART ==================

>>> 

i = 1 Hello, how are you today?

i = 2 Hello, how are you today?

i = 3 Hello, how

注意，第 3 次循环时（i == 3），循环体没有完成，它提前跳到了下一次迭代

（i == 4）。这就是 continue语句在起作用。在 while循环中，continue的作用也

是一样的。

跳出—break 

如果我们想完全跳出循环—不再完成计数，或者放弃等待结束条件，该怎么

做呢？这个工作由 break语句完成。

下面只改变代码清单 8-9 中的第 6 行，把 continue换成 break，再运行这个程

序看看会发生什么。 >>> ================== RESTART ==================

>>> 

i = 1 Hello how are you today?

i = 2 Hello how are you today?

i = 3 Hello how

这一次，循环不只是跳过第 3 次迭代的其余部分，它会完全停止循环。这正是

break的作用。在 while循环中，break的作用也一样。

要指出的是，有些人认为使用 break和 continue并不好。就我个人来讲，我

不认为这样不好，不过我自己确实很少使用这两个语句。我想还是应该告诉你一些

关于 break和 continue的内容，没准以后你会用到。

86 Hello World!

for i in range (1, 6):
    print
    print 'i =', i,
    print 'Hello, how',
    if i == 3:
        continue
    print 'are you today?'

If we run this program, 
the output looks like this:

Notice that, the third time through the loop (when i == 3), the body of the loop didn’t 
finish—it jumped ahead to the next iteration (i == 4). That was the continue statement 
at work. It works the same way in while loops.

Bailing out—break

What if we want to jump out of the loop completely—never finish counting, or give up 
waiting for the end condition? The break statement does that.

Let’s change only line 6 of listing 8.9, replacing continue with break, and rerun the program 
to see what happens.

This time, the loop didn’t just skip the rest of iteration 3; it stopped altogether. That’s what 
break does. It works the same way in while loops. 

I should tell you that some people think using break and continue is a bad idea. Personally, 
I don’t think they’re bad, but I rarely use them. I thought I’d tell you about break and 
continue just in case you ever need them. 

Listing 8.9 Using continue in a loop

>>> ================== RESTART ==================
>>> 

i = 1 Hello how are you today?

i = 2 Hello how are you today?

i = 3 Hello how
i = 4 Hello how are you today?

i = 5 Hello how are you today?

>>> ================== RESTART ==================
>>> 

i = 1 Hello how are you today?

i = 2 Hello how are you today?

i = 3 Hello how

你学到了什么

在这一章，你学到了以下内容。

for�� 循环（也称为计数循环）。

range()�� 函数—计数循环的一个捷径。

range()�� 的不同步长大小。

while�� 循环（也称为条件循环）。
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用�� continue跳到下一次迭代。

用�� break跳出循环。

测试题

1. 下面的循环会运行多少次？

87 CHAPTER 8 Loop the Loop

What did you learn?

In this chapter, you learned about

� for loops (also called counting loops).
� the range() function—a shortcut for counting loops.
� different step sizes for range().
� while loops (also called conditional loops).
� skipping to the next iteration with continue.
� jumping out of a loop with break.

Test your knowledge
1 How many times would the following loop run?

2 How many times would the following loop run? 
And what would the values of i be for each loop?

3 What list of numbers would range (1, 8) give you?

4 What list of numbers would range (8) give you?

5 What list of numbers would range (2, 9, 2) give you?

6 What list of numbers would range (10, 0, -2) give you?

7 What keyword do you use to stop the current iteration of a loop and jump ahead to 
the next iteration?

8 When does a while loop end?

Try it out
1 Write a program to print a multiplication table (a times table). At the start, it should 

ask the user which table to print. The output should look something like this:

for i in range (1, 6):
    print 'Hi, Warren'

for i in range (1, 6, 2):
    print 'Hi, Warren'

Which multiplication table would you like?
5
Here's your table:
5 x 1 = 5
5 x 2 = 10
5 x 3 = 15
5 x 4 = 20
5 x 5 = 25
5 x 6 = 30
5 x 7 = 35
5 x 8 = 40
5 x 9 = 45
5 x 10 = 50

2. 下面的循环会运行多少次？每次循环时 i的值是什么？

　  

87 CHAPTER 8 Loop the Loop

What did you learn?

In this chapter, you learned about

� for loops (also called counting loops).
� the range() function—a shortcut for counting loops.
� different step sizes for range().
� while loops (also called conditional loops).
� skipping to the next iteration with continue.
� jumping out of a loop with break.

Test your knowledge
1 How many times would the following loop run?

2 How many times would the following loop run? 
And what would the values of i be for each loop?

3 What list of numbers would range (1, 8) give you?

4 What list of numbers would range (8) give you?

5 What list of numbers would range (2, 9, 2) give you?

6 What list of numbers would range (10, 0, -2) give you?

7 What keyword do you use to stop the current iteration of a loop and jump ahead to 
the next iteration?

8 When does a while loop end?

Try it out
1 Write a program to print a multiplication table (a times table). At the start, it should 

ask the user which table to print. The output should look something like this:

for i in range (1, 6):
    print 'Hi, Warren'

for i in range (1, 6, 2):
    print 'Hi, Warren'

Which multiplication table would you like?
5
Here's your table:
5 x 1 = 5
5 x 2 = 10
5 x 3 = 15
5 x 4 = 20
5 x 5 = 25
5 x 6 = 30
5 x 7 = 35
5 x 8 = 40
5 x 9 = 45
5 x 10 = 50

3. range(1, 8) 会给出一个怎样的数字列表？

4. range(8) 会给出一个怎样的数字列表？

5. range(2, 9, 2) 会给出一个怎样的数字列表？

6. range(10, 0, -2) 会给出一个怎样的数字列表？

7. 使用哪个关键字停止循环的当前迭代，提前跳到下一次迭代？

8. while循环什么时候结束？

动手试一试

1.  编写一个程序，显示一个乘法表。开始时要询问用户显示哪个数的乘法表。

输出应该如下所示：

87 CHAPTER 8 Loop the Loop

What did you learn?

In this chapter, you learned about

� for loops (also called counting loops).
� the range() function—a shortcut for counting loops.
� different step sizes for range().
� while loops (also called conditional loops).
� skipping to the next iteration with continue.
� jumping out of a loop with break.

Test your knowledge
1 How many times would the following loop run?

2 How many times would the following loop run? 
And what would the values of i be for each loop?

3 What list of numbers would range (1, 8) give you?

4 What list of numbers would range (8) give you?

5 What list of numbers would range (2, 9, 2) give you?

6 What list of numbers would range (10, 0, -2) give you?

7 What keyword do you use to stop the current iteration of a loop and jump ahead to 
the next iteration?

8 When does a while loop end?

Try it out
1 Write a program to print a multiplication table (a times table). At the start, it should 

ask the user which table to print. The output should look something like this:

for i in range (1, 6):
    print 'Hi, Warren'

for i in range (1, 6, 2):
    print 'Hi, Warren'

Which multiplication table would you like?
5
Here's your table:
5 x 1 = 5
5 x 2 = 10
5 x 3 = 15
5 x 4 = 20
5 x 5 = 25
5 x 6 = 30
5 x 7 = 35
5 x 8 = 40
5 x 9 = 45
5 x 10 = 50

87 CHAPTER 8 Loop the Loop

What did you learn?

In this chapter, you learned about

� for loops (also called counting loops).
� the range() function—a shortcut for counting loops.
� different step sizes for range().
� while loops (also called conditional loops).
� skipping to the next iteration with continue.
� jumping out of a loop with break.

Test your knowledge
1 How many times would the following loop run?

2 How many times would the following loop run? 
And what would the values of i be for each loop?

3 What list of numbers would range (1, 8) give you?

4 What list of numbers would range (8) give you?

5 What list of numbers would range (2, 9, 2) give you?

6 What list of numbers would range (10, 0, -2) give you?

7 What keyword do you use to stop the current iteration of a loop and jump ahead to 
the next iteration?

8 When does a while loop end?

Try it out
1 Write a program to print a multiplication table (a times table). At the start, it should 

ask the user which table to print. The output should look something like this:

for i in range (1, 6):
    print 'Hi, Warren'

for i in range (1, 6, 2):
    print 'Hi, Warren'

Which multiplication table would you like?
5
Here's your table:
5 x 1 = 5
5 x 2 = 10
5 x 3 = 15
5 x 4 = 20
5 x 5 = 25
5 x 6 = 30
5 x 7 = 35
5 x 8 = 40
5 x 9 = 45
5 x 10 = 50

2.  完成第 1 题的程序时你可能使用了 for循环。大多数人都会这么做。不过，

可以再做个练习，试着用 while循环完成同样的工作。或者如果你在第 1 题

中使用了 while循环，现在可以试着用 for循环来完成。
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3.  向乘法表程序中再加点东西。询问用户想要的乘法表之后，再问问用户希望

最大乘到几。输出应当如下所示：

88 Hello World!

2 You probably used a for loop in your program for question #1. That’s how most peo-
ple would do it. But just for practice, try doing the same thing with a while loop. Or if 
you used a while loop in question #1, try it with a for loop.

3 Add something else to the multiplication table program. After asking which table 
the user wants, ask her how high the table should go. The output should look like this:

You can do this with the for loop version of the program, the while loop version, or
both.

Which multiplication table would you like?
7
How high do you want to go?
12
Here's your table:
7 x 1 = 7
7 x 2 = 14
7 x 3 = 21
7 x 4 = 28
7 x 5 = 35
7 x 6 = 42
7 x 7 = 49
7 x 8 = 56
7 x 9 = 63
7 x 10 = 70
7 x 11 = 77
7 x 12 = 84

可以用 for循环或者 while循环的版本来完成，或者两种做法都试试看。
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第 9 章

全都为了你—注释

到现在为止，我们在程序（以及交互模式）中键入的所有一切都是交给计算机

的指令。不过，还可以在程序中为你自己加入一些说明，描述这个程序做什么，怎

么做，这是一个很好的想法。这样能够帮助你（或者其他人）以后查看程序，了解

原先你想做什么。

在计算机程序中，这些说明就称为注释（comment）。

9.1　增加注释

注释是给你看的，而不是让计算机执行

的。注释是程序文档的一部分，计算机运行程

序时会忽略这些注释。

Python 中向程序增加注释有两种方法。

啦啦啦，我听不见！ 
啦啦啦…

术语箱
文档（documentation）就是关于一个程序的信息，描述了程序并说明它是如何工

作的。注释是程序文档的一部分，不过在代码本身以外，文档还包括其他部分，文档描

述以下内容：

为什么写这个程序（它的用途）��

这个程序是谁写的��

这个程序面向什么人（它的用户）��

如何组织��

更大、更复杂的程序往往有更多文档。
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第 6 章中提到的 Python 帮助就是一种文档。它的作用是帮助用户了解 Python 如

何工作。

9.2　单行注释

在任何代码行前面加上“#”符号就可以把它变成一个注释。（这个符号叫做数

字符号，有时也叫做镑符号。）

# 这是 Python程序中的一个注释
print 'This is not a comment'

如果运行这两行代码，会得到下面的输出： This is not a comment

程序运行时第一行会被忽略。注释（以 # 字符开头的代码行）只是用来方便你

和其他人读懂代码的。

9.3　行末注释

还可以在一行代码的最后加注释，像下面这样：

area = length * width # 计算矩形的面积

注释从 # 字符开始。# 之前的所有内容都是正常的代码行，在它后面的所有内容

则是注释。

9.4　多行注释

有时你可能想使用多行注释。可以使用多行，每行前面都有一个 # 字符，像下

面这样：

# ***************
# 这个程序用来说明 Python中如何使用注释
# 星号所在的行只为将注释
# 与其余代码清楚地区分开
# ***************

多行注释可以很好地“突出”代码段，使你读代码时能清楚地区分不同代码段。

可以用多行注释来描述一段代码要做什么。程序最开始的多行注释可以列出作者的

名字、程序名、编写或更新的日期，以及你认为可能有用的任何其他信息。

三重引号字符串

Python 中还有一种方法可以相当于多行注释。只需建立一个没有名字的三重引
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号字符串。还记得在第 2 章中曾经说过，三重引号字符串是一个可以跨多行的字符

串。所以可以这样写：

""" 这是一个包括多行的注释，
使用了三重引号字符串。
这不完全是注释，不过也可以
相当于注释。
"""

因为这个字符串没有名字，而且程序对这个字符串不“做”任何处理，所以它

对程序的运行没有任何影响。它相当于一个注释，尽管从严格的 Python 术语来讲

这并不是一个真正的注释。

#!/b
in/
env
py
th
on
#
Pa
gin
at
ea

tex
tf

ile
,a
dd
in
g
a
he
ad

er
an
df
oo
te
ri
mp
or
ts
ys,

time
,stri

ng# Ifnoargumentsweregiven,printahelpfulme
ssa

geif
len(sys.argv)!=2:print'Usage

:py
print

filename'sys.exit(0)class# Incrementthe
pagecount,andreset

the
line

count
self.header_written=1;self.count=1;ifnoargumentsweregiven,gggprintprintself.pag

e=self
.page

+1Pr
int

erFormatter:self.header_written=0def#

如果在 IDLE 编辑器键入一些注释，可以看到注释会用不同的颜色显示。这是为

了帮助你更容易地读代码。

大多数代码编辑器允许你改变注释的颜色（或者可以改变代码其他部分的颜

色）。IDLE 中注释的默认颜色是红色。因为三重引号字符串不是真正的 Python 注释，

它们的颜色会不同。在 IDLE 中三重引号字符串是绿色，因为绿色是 IDLE 中字符串

的默认颜色。

9.5　注释风格

现在你已经知道了如何加注释。但是应该向注释里放什么内容呢？因为它们并

不影响程序如何运行，我们说注释只是一个“风格”问题。这说明，可以在注释中

放你想放的任何东西（也可以根本不使用注释）。不过这并不表示注释不重要。大多

数程序员都是费了一番周折才领悟到这一点。他们回头看几年前、几个月前或者是

几个星期前，甚至只是昨天才写的程序时，可能完全看不明白，这往往因为他们没

有加入足够的注释来解释程序是如何工作的。此时他们就会深深体会到注释的重要

像（Python）程序员一样思考

有些 Python 程序员认为不应该使用三重引号

字符串（多行字符串）作为注释。就我个人来说，

我看不出这有什么充分的理由。加注释的目的就

是让你的代码更易读、更容易理解。如果你觉得

三重引号字符串很方便，可能会更愿意在代码中

加入注释，这毕竟是件好事。
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性！尽管写程序时很明白，但是等以后再看程序时，很

可能对原先的想法一头雾水。

至于应该在注释中放什么内容并没有

严格的规定，不过建议你尽可能增加注

释。现在看来，注释越多越好。宁可过于

谨慎注释过多，也比注释过少要好。积累

更多的编程经验后，你就会慢慢了解加多

少注释以及加哪种注释最适合了。

本书中的注释

在你手上的这本书中，你可能看不到代码清单中有多少注释。这是因为这本书

使用了“注解”，也就是代码旁边的说明。不过如果查看 \examples 文件夹中或者网

站上的代码清单，你会看到所有代码中都有注释。

9.6　注释掉

还可以使用注释临时跳过程序中的某些部分。作为注释的所有内容都会被忽略。

#print "Hello"
print "World"

>>> =============== RESTART ================
>>>
World
>>>

由于 print "Hello" 被注释掉，所以这一行不会执行，不会打印“Hello”。

调试程序时，如果只希望某些部分运行而将另外的部分忽略，这会很有用。如

果你希望计算机忽略某些代码行，只需要在那些代码行前面加一个 #，或者在这段

代码前后加上三重引号。

大多数代码编辑器（包括 IDLE）都有一个特性，允许你很快地注释整个代码块

（也能很快地取消注释）。要做到这一点，在 IDLE 的编辑器中要看 Format 菜单。

当时我是怎
么想的？

86 Hello World!

for i in range (1, 6):
    print
    print 'i =', i,
    print 'Hello, how',
    if i == 3:
        continue
    print 'are you today?'

If we run this program, 
the output looks like this:

Notice that, the third time through the loop (when i == 3), the body of the loop didn’t 
finish—it jumped ahead to the next iteration (i == 4). That was the continue statement 
at work. It works the same way in while loops.

Bailing out—break

What if we want to jump out of the loop completely—never finish counting, or give up 
waiting for the end condition? The break statement does that.

Let’s change only line 6 of listing 8.9, replacing continue with break, and rerun the program 
to see what happens.

This time, the loop didn’t just skip the rest of iteration 3; it stopped altogether. That’s what 
break does. It works the same way in while loops. 

I should tell you that some people think using break and continue is a bad idea. Personally, 
I don’t think they’re bad, but I rarely use them. I thought I’d tell you about break and 
continue just in case you ever need them. 

Listing 8.9 Using continue in a loop

>>> ================== RESTART ==================
>>> 

i = 1 Hello how are you today?

i = 2 Hello how are you today?

i = 3 Hello how
i = 4 Hello how are you today?

i = 5 Hello how are you today?

>>> ================== RESTART ==================
>>> 

i = 1 Hello how are you today?

i = 2 Hello how are you today?

i = 3 Hello how

图灵社区会员 FreeLink 专享 尊重版权



9.6　注释掉　　97

你学到了什么

在这一章，你学到了以下内容。

注释只是为了方便你（和其他人），而不是用来帮助计算机。��

注释还可以用来隔离部分代码，不让它们运行。��

可以使用三重引号字符串作为一种跨多行的注释。��

测试题

由于注释相当简单，所以我们可以休息一下，这一章没有测验题。

动手试一试

再来看第 3 章“动手试一试”中的温度转换程序，增加一些注释。重新运行程

序，看看运行结果是不是还一样。
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第 10 章

游戏时间到了

学习编程有一种惯常的做法，就是先键入一些代码，尽管你可能完全不理解这

些代码。确实是这样！

有时仅仅键入代码就能让你对程序如何工作找到一点“感觉”，虽然并不是每一

行或每一个关键字都理解。我们在第 1 章就是这么做的，就是那个猜数游戏。现在

还是用这个老办法建立一个程序，不过这个程序更长也更有意思。

Skier

Skier（ 滑 雪 的 人 ） 是 一

个非常简单的滑雪游戏，灵感

来自一个名叫 SkiFree 的游戏。

（你可以在 en.wikipedia.org/wiki/
SkiFree 找到有关 SkiFree 的所有

信息。）

在这个游戏中，你要滑下

小山，努力避开树而且要尽量捡

起小旗。捡起一个小旗得 10 分；

碰到树则会丢掉 100 分。

运行这个程序时，会看到

如右图所示的场景：
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Skier 使用一个名叫 Pygame 的模块来帮助实现图形。Pygame 是一个 Python 模

块（module）（我们会在第 15 章更多地讨论模块）。如果你运行了这本书的安装程

序，那就已经安装了 Pygame。如果尚未安装，可以从 www.pygame.org 下载。我们

会在第 16 章学习有关 Pygame 的内容。

这个程序需要如下一些图形文件：

skier_down.png  skier_right1.png��

skier_crash.png  skier_right2.png��

skier_tree.png  skier_left1.png��

skier_flag.png  skier_left2.png��

可以在 \examples\skier 文件夹找到这些文件（如果运行过安装程序），或者在本

书的网站上也可以找到这些图形文件。要把它们放在保存程序的同一个文件夹或目

录中，这一点非常重要。如果它们与程序不在同一个目录下，Python 就无法找到这

些文件，这个程序也将无法正常工作。

Skier 的代码见代码清单 10-1。这个代码清单有点长，大约 100 行代码（为了

方便阅读，这里还加入了一些空行），不过建议你还是花点时间自己亲手键入这

些代码。代码清单中有一些说明，解释了代码所做的工作。注意，在代码中看到 
__init__ 时，init 的两边各有两条下划线。也就是说，init 之前和之后都有两

条下划线，而不是一边一条。

import pygame, sys, random

skier_images = ["skier_down.png", "skier_right1.png", 

                "skier_right2.png", "skier_left2.png", 

                "skier_left1.png"]

class SkierClass(pygame.sprite.Sprite):                     

    def __init__(self):                                        

        pygame.sprite.Sprite.__init__(self)                 

        self.image = pygame.image.load("skier_down.png")    

        self.rect = self.image.get_rect()                     

        self.rect.center = [320, 100]                         

        self.angle = 0                                          

                                        

    def turn(self, direction):                                        

        self.angle = self.angle + direction                         

        if self.angle < -2:  self.angle = -2                         

        if self.angle >  2:  self.angle =  2                          

        center = self.rect.center                                     

        self.image = pygame.image.load(skier_images[self.angle])      

        self.rect = self.image.get_rect()                          

        self.rect.center = center                                     

        speed = [self.angle, 6 - abs(self.angle) * 2]                

        return speed                                                

创建滑雪者

代码清单 10-1　Skier
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import pygame, sys, random

skier_images = ["skier_down.png", "skier_right1.png", 

                "skier_right2.png", "skier_left2.png", 

                "skier_left1.png"]

class SkierClass(pygame.sprite.Sprite):                     

    def __init__(self):                                        

        pygame.sprite.Sprite.__init__(self)                 

        self.image = pygame.image.load("skier_down.png")    

        self.rect = self.image.get_rect()                     

        self.rect.center = [320, 100]                         

        self.angle = 0                                          

                                        

    def turn(self, direction):                                        

        self.angle = self.angle + direction                         

        if self.angle < -2:  self.angle = -2                         

        if self.angle >  2:  self.angle =  2                          

        center = self.rect.center                                     

        self.image = pygame.image.load(skier_images[self.angle])      

        self.rect = self.image.get_rect()                          

        self.rect.center = center                                     

        speed = [self.angle, 6 - abs(self.angle) * 2]                

        return speed                                                
                                        

    def move(self, speed):                                           

        self.rect.centerx = self.rect.centerx + speed[0]             

        if self.rect.centerx < 20:  self.rect.centerx = 20

        if self.rect.centerx > 620: self.rect.centerx = 620

                                         

class ObstacleClass(pygame.sprite.Sprite):                             

    def __init__(self, image_file, location, type):                    

        pygame.sprite.Sprite.__init__(self)                            

        self.image_file = image_file                                  

        self.image = pygame.image.load(image_file)                    

        self.rect = self.image.get_rect()                             

        self.rect.center = location                                    

        self.type = type                                               

        self.passed = False                               

    def update(self):                                               

        global speed                                              

        self.rect.centery -= speed[1]          

        if self.rect.centery < -32:         

            self.kill()                 

def create_map():                                                   

    global obstacles                                               

    locations = []                                                 

    for i in range(10):                                           

        row = random.randint(0, 9)                                 

        col = random.randint(0, 9)                                 

        location  = [col * 64 + 20, row * 64 + 20 + 640]          

        if not (location in locations):                             

            locations.append(location)                            

            type = random.choice(["tree", "flag"])                 

            if type == "tree": img = "skier_tree.png"              

            elif type == "flag":  img = "skier_flag.png"            

            obstacle = ObstacleClass(img, location, type)          

            obstacles.add(obstacle)                     
    

def animate():                                            

    screen.fill([255, 255, 255])                           

    obstacles.draw(screen)                                   

    screen.blit(skier.image, skier.rect)                    

    screen.blit(score_text, [10, 10])                       

    pygame.display.flip()                           

                                              

pygame.init()                                               

screen = pygame.display.set_mode([640,640])                

clock = pygame.time.Clock()                                

skier = SkierClass()                                       

speed = [0, 6]                                             

obstacles = pygame.sprite.Group()                           

map_position = 0                                           

points = 0                                                  

create_map()                                               

font = pygame.font.Font(None, 50)                         

running = True                                     

while running:                               

   

滑雪者 
转向

滑雪者左右 
移动

创建树和小旗

让场景向上滚

删除从屏幕上方滚下的障碍物

创建一个窗口，包
含随机的树和小旗

重绘屏幕
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pygame.init()                                               

screen = pygame.display.set_mode([640,640])                

clock = pygame.time.Clock()                                

skier = SkierClass()                                       

speed = [0, 6]                                             

obstacles = pygame.sprite.Group()                           

map_position = 0                                           

points = 0                                                  

create_map()                                               

font = pygame.font.Font(None, 50)                         

running = True                                     

while running:                               

   
 

clock.tick(30)             

    for event in pygame.event.get():                           

        if event.type == pygame.QUIT:                          

            running = False                                     

        if event.type == pygame.KEYDOWN:                       

            if event.key == pygame.K_LEFT:                     

                speed = skier.turn(-1)                         

            elif event.key == pygame.K_RIGHT:                  

                speed = skier.turn(1)                         

    skier.move(speed)                  

    

    map_position += speed[1]      

                                   

    if map_position >=640:                                

        create_map()                                         

        map_position = 0          

   

hit =  pygame.sprite.spritecollide(skier, obstacles, False)

    if hit:                                                            

        if hit[0].type == "tree" and not hit[0].passed:                

            points = points - 100                                       

            skier.image = pygame.image.load("skier_crash.png")       

            animate()                                                

            pygame.time.delay(1000)                                   

            skier.image = pygame.image.load("skier_down.png")        

            skier.angle = 0                                         

            speed = [0, 6]                                          

            hit[0].passed = True                                     

        elif hit[0].type == "flag" and not hit[0].passed:           

            points += 10                                             

            hit[0].kill()                                        

                                                                      

    obstacles.update()

    score_text = font.render("Score: " +str(points), 1, (0, 0, 0))  

    animate()

pygame.quit()

做好准备

每秒更新 30 次图形

检查按键
或窗口是
否关闭

创建一个新窗口，
包含场景

移动滑雪者

开始主循环

滚动场景

检查是
否碰到
树或得
到小旗

显示得分
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代码清单 10-1 的代码已经放在 \examples\skier 文件夹中，所以如果你键入的程

序无法执行，或者不想完全自己键入，也可以使用这个文件。不过不管你是否相信，

与简单地打开和查看代码清单相比，亲手键入这些代码会让你有更多收获。

在后面的几章，我们将会学习用于 Skier 中的所有关键字和技术。本书第 25 章

将用一整章来详细解释 Skier 程序的工作原理。但是现在，你只需要键入这个程序，

试着运行看看。

86 Hello World!

for i in range (1, 6):
    print
    print 'i =', i,
    print 'Hello, how',
    if i == 3:
        continue
    print 'are you today?'

If we run this program, 
the output looks like this:

Notice that, the third time through the loop (when i == 3), the body of the loop didn’t 
finish—it jumped ahead to the next iteration (i == 4). That was the continue statement 
at work. It works the same way in while loops.

Bailing out—break

What if we want to jump out of the loop completely—never finish counting, or give up 
waiting for the end condition? The break statement does that.

Let’s change only line 6 of listing 8.9, replacing continue with break, and rerun the program 
to see what happens.

This time, the loop didn’t just skip the rest of iteration 3; it stopped altogether. That’s what 
break does. It works the same way in while loops. 

I should tell you that some people think using break and continue is a bad idea. Personally, 
I don’t think they’re bad, but I rarely use them. I thought I’d tell you about break and 
continue just in case you ever need them. 

Listing 8.9 Using continue in a loop

>>> ================== RESTART ==================
>>> 

i = 1 Hello how are you today?

i = 2 Hello how are you today?

i = 3 Hello how
i = 4 Hello how are you today?

i = 5 Hello how are you today?

>>> ================== RESTART ==================
>>> 

i = 1 Hello how are you today?

i = 2 Hello how are you today?

i = 3 Hello how

动手试一试

这一章你要做的只是键入这个 Skier 程序（代码清单 10-1），再运行试试看。如

果运行时遇到错误，看看错误消息，试着找出错误究竟出现在哪里。

祝你好运！
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第 11 章

嵌套与可变循环

我们已经看到了，在循环体（也就是代码块）中可以放入其他代码，这些代码

本身也可以有自己的代码块。如果查看第 1 章中的猜数程序，可以看到：

99

C H A P T E R  1 1

Nested and Variable Loops
We already saw that, within the body of a loop (which is a block of code), we can put other 
things that have their own blocks. If you look at the number-guessing program from chap-
ter 1, you’ll see this:

while guess != secret and tries < 6:

        guess = input("What's yer guess? ")

        if guess < secret:

                print "Too low, ye scurvy dog!"

        elif guess > secret:

                print "Too high, landlubber!"

        tries = tries + 1

The outer, light gray block is a while loop block, and the dark gray blocks are if and elif 
blocks within that while loop block. 

You can also put a loop within another loop. These loops are called nested loops.

Nested loops
Remember the multiplication table program you wrote for the “Try it out” section in 
chapter 8? Without the user-input part, it might look something like this:

elif block

if block

while loop block

multiplier = 5
for i in range (1, 11):
    print i, "x", multiplier, "=", i * multiplier 

外层浅灰色的块是一个 while循环块，深灰色的块是这个 while循环块中的 if

和 elif块。

还可以把一个循环放在另一个循环中。这些循环就叫做嵌套循环（nested loop）。

11.1　嵌套循环

还记得第 8 章“动手试一试”中你写的乘法表程序吗？如果不考虑用户输入部

分，代码会是这样：

multiplier = 5
for i in range (1, 11):
    print i, "x", multiplier, "=", i * multiplier

如果想一次打印 3 个乘法表呢？这种事情正是嵌套循环最擅长的。嵌套循环就

是一个循环出现在另一个循环里。对于外循环的每次迭代，内循环都要完成它的所

有迭代。

while 循环块

if 块

elif 块
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要打印 3 个乘法表，只需要把原来的循环（打印一个乘法表）包含在一个外循

环中（运行 3 次）。这样，程序就会打印 3 个乘法表而不只是一个。代码清单 11-1 显

示了相应的代码。

代码清单 11-1　一次打印 3 个乘法表

100 Hello World!

What if we wanted to print three multiplication tables at once? That’s the kind of thing a 
nested loop is perfect for. A nested loop is one loop inside another loop. For each iteration of 
the outer loop, the inner loop goes through all of its iterations.

To print three multiplication tables, we’d just enclose the original loop (which prints a sin-
gle multiplication table) in an outer loop (which runs three times). This makes the program 
print three tables instead of one. Listing 11.1 shows what the code looks like.

for multiplier in range (5, 8):
    for i in range (1, 11): 
        print i, "x", multiplier, "=", i * multiplier
    print

Notice that we had to indent the inner loop and the print statement an extra four spaces 
from the beginning of the outer for loop. This program will print the 5 times, 6 times, 
and 7 times tables, 
up to 10 for each table: 

Listing 11.1 Printing three multiplication tables at once

This inner loop 
prints a single table

This outer 
loop runs 3 
iterations, 
with values 
5, 6, 7

>>> ==================== RESTART ===================
>>>
1 x 5 = 5
2 x 5 = 10
3 x 5 = 15
4 x 5 = 20
5 x 5 = 25
6 x 5 = 30
7 x 5 = 35
8 x 5 = 40
9 x 5 = 45
10 x 5 = 50

1 x 6 = 6
2 x 6 = 12
3 x 6 = 18
4 x 6 = 24
5 x 6 = 30
6 x 6 = 36
7 x 6 = 42
8 x 6 = 48
9 x 6 = 54
10 x 6 = 60

1 x 7 = 7
2 x 7 = 14
3 x 7 = 21
4 x 7 = 28
5 x 7 = 35
6 x 7 = 42
7 x 7 = 49
8 x 7 = 56
9 x 7 = 63
10 x 7 = 70

100 Hello World!

What if we wanted to print three multiplication tables at once? That’s the kind of thing a 
nested loop is perfect for. A nested loop is one loop inside another loop. For each iteration of 
the outer loop, the inner loop goes through all of its iterations.

To print three multiplication tables, we’d just enclose the original loop (which prints a sin-
gle multiplication table) in an outer loop (which runs three times). This makes the program 
print three tables instead of one. Listing 11.1 shows what the code looks like.

for multiplier in range (5, 8):
    for i in range (1, 11): 
        print i, "x", multiplier, "=", i * multiplier
    print

Notice that we had to indent the inner loop and the print statement an extra four spaces 
from the beginning of the outer for loop. This program will print the 5 times, 6 times, 
and 7 times tables, 
up to 10 for each table: 

Listing 11.1 Printing three multiplication tables at once

This inner loop 
prints a single table

This outer 
loop runs 3 
iterations, 
with values 
5, 6, 7

>>> ==================== RESTART ===================
>>>
1 x 5 = 5
2 x 5 = 10
3 x 5 = 15
4 x 5 = 20
5 x 5 = 25
6 x 5 = 30
7 x 5 = 35
8 x 5 = 40
9 x 5 = 45
10 x 5 = 50

1 x 6 = 6
2 x 6 = 12
3 x 6 = 18
4 x 6 = 24
5 x 6 = 30
6 x 6 = 36
7 x 6 = 42
8 x 6 = 48
9 x 6 = 54
10 x 6 = 60

1 x 7 = 7
2 x 7 = 14
3 x 7 = 21
4 x 7 = 28
5 x 7 = 35
6 x 7 = 42
7 x 7 = 49
8 x 7 = 56
9 x 7 = 63
10 x 7 = 70

内循环打印
一个乘法表

注意必须将内循环缩进，而且 print语句距外部 for循环开始位置还要多加 4
个空格。这个程序会分别打印 5、6 和 7 的乘法表，每个表分别从 1 乘到 10：

可以在屏幕上打印一些星号，并统计有多少个，你可能认为这很没意思，不过

要了解嵌套循环到底是怎么回事，这确实是一个很好的办法。在下一节，我们就来

完成这个工作。

100 Hello World!

What if we wanted to print three multiplication tables at once? That’s the kind of thing a 
nested loop is perfect for. A nested loop is one loop inside another loop. For each iteration of 
the outer loop, the inner loop goes through all of its iterations.

To print three multiplication tables, we’d just enclose the original loop (which prints a sin-
gle multiplication table) in an outer loop (which runs three times). This makes the program 
print three tables instead of one. Listing 11.1 shows what the code looks like.

for multiplier in range (5, 8):
    for i in range (1, 11): 
        print i, "x", multiplier, "=", i * multiplier
    print

Notice that we had to indent the inner loop and the print statement an extra four spaces 
from the beginning of the outer for loop. This program will print the 5 times, 6 times, 
and 7 times tables, 
up to 10 for each table: 

Listing 11.1 Printing three multiplication tables at once

This inner loop 
prints a single table

This outer 
loop runs 3 
iterations, 
with values 
5, 6, 7

>>> ==================== RESTART ===================
>>>
1 x 5 = 5
2 x 5 = 10
3 x 5 = 15
4 x 5 = 20
5 x 5 = 25
6 x 5 = 30
7 x 5 = 35
8 x 5 = 40
9 x 5 = 45
10 x 5 = 50

1 x 6 = 6
2 x 6 = 12
3 x 6 = 18
4 x 6 = 24
5 x 6 = 30
6 x 6 = 36
7 x 6 = 42
8 x 6 = 48
9 x 6 = 54
10 x 6 = 60

1 x 7 = 7
2 x 7 = 14
3 x 7 = 21
4 x 7 = 28
5 x 7 = 35
6 x 7 = 42
7 x 7 = 49
8 x 7 = 56
9 x 7 = 63
10 x 7 = 70

外循环分别
用值 5, 6, 7
做 3 次迭代
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11.2　可变循环

固定的数（比如 range() 函数中使用的数）

也称为常数（constant）。如果在一个 for 循环的

range()函数中使用常数，程序运行时循环总会运

行相同的次数。在这种情况下，我们称循环次数是

硬编码的（hard-coded），因为它在你的代码中被定义

了，而且永远不会改变。这往往不是我们真正想要的。

有时我们希望循环次数由用户来决定，或者由程序的另一部

分决定。对于这种情况，我们就需要一个变量。

例如，假设你要建立一个太空神枪手游戏。只要有外星人被消灭就要重绘屏幕。必

须有某个计数器来跟踪还剩下多少外星人，另外只要屏幕更新，就需要循环处理剩下的
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因为我们还没有学习如何在屏幕上画外星人，下面先给出一个使用可变循环的

简单示例程序：
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Although you might think it’s pretty boring, a good way to see what’s going on with 
nested loops is to just print some stars to the screen and count them. We’ll do that in the 
next section.

Variable loops
Fixed numbers, like the ones we’ve used in the range() function, are also called constants. 
If you use constants in the range() function of a for loop, the loop will run the same num-
ber of times whenever the program is run. In that case, we say the number of loops is 
hard-coded, because it’s defined in your code and it never changes. That’s not always what 
we want.

Sometimes we want the number of loops to be deter-
mined by the user, or by another part of the program. 
For that, we need a variable. 

For example, let’s say you were making a space-
shooter game. You’d have to keep redrawing the 
screen as aliens get wiped out. You’d have some sort 
of counter to keep track of how many aliens were left, 
and whenever the screen was updated, you’d need to 
loop through the remaining aliens and draw their 
images on the screen. The number of aliens would 
change every time the player wiped out another one.

Because we haven’t learned how to draw aliens on the screen yet, here’s a simple example 
program that 
uses a variable loop: 

The program asked the user how many stars he wanted, and then it used a variable loop to 
print that many. Well, almost! We asked for five stars and only got four! Oops, we forgot that 
the for loop stops one short of the second number in the range. So we need to add 1 to the 
user’s input. 

numStars = int(raw_input ("How many stars do you want? "))
for i in range (1, numStars):
     print '*',

>>> ====================== RESTART ======================
>>>
How many stars do you want? 5
* * * *

numStars = int(raw_input ("How many stars do you want? "))
for i in range(1, numStars + 1):
     print '*',                      

Adds 1, so if he asks for 5 
stars, he gets 5 stars
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for i in range (1, numStars):
     print '*',
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Fixed numbers, like the ones we’ve used in the range() function, are also called constants. 
If you use constants in the range() function of a for loop, the loop will run the same num-
ber of times whenever the program is run. In that case, we say the number of loops is 
hard-coded, because it’s defined in your code and it never changes. That’s not always what 
we want.

Sometimes we want the number of loops to be deter-
mined by the user, or by another part of the program. 
For that, we need a variable. 

For example, let’s say you were making a space-
shooter game. You’d have to keep redrawing the 
screen as aliens get wiped out. You’d have some sort 
of counter to keep track of how many aliens were left, 
and whenever the screen was updated, you’d need to 
loop through the remaining aliens and draw their 
images on the screen. The number of aliens would 
change every time the player wiped out another one.

Because we haven’t learned how to draw aliens on the screen yet, here’s a simple example 
program that 
uses a variable loop: 

The program asked the user how many stars he wanted, and then it used a variable loop to 
print that many. Well, almost! We asked for five stars and only got four! Oops, we forgot that 
the for loop stops one short of the second number in the range. So we need to add 1 to the 
user’s input. 

numStars = int(raw_input ("How many stars do you want? "))
for i in range (1, numStars):
     print '*',

>>> ====================== RESTART ======================
>>>
How many stars do you want? 5
* * * *

numStars = int(raw_input ("How many stars do you want? "))
for i in range(1, numStars + 1):
     print '*',                      

Adds 1, so if he asks for 5 
stars, he gets 5 stars

这个程序会询问用户想要多少个星号，然后使用一个可变循环准确地打印这些

星号。嗯，只能算基本准确！我们想要 5 个星号，可是只得到了 4 个！唉呀，我们

忘记了 for循环不是达到 range函数中第二个数时才停止，它在比这个数少 1 时就

停止了。所以需要对用户的输入加 1。

加 1，所以如果他要 5 个星号，
就会得到 5 个。

还有一种方法可以完成同样的工作，就是从 0 开始循环计数，而不是 1。（这一

点在第 8 章提到过。）这种做法在编程中很常用，下一章会解释为什么。先来看看这

个循环是怎样的：
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11.3　可变嵌套循环

现在来尝试一个可变嵌套循环。这就是一个嵌套循环，只不过其中一个或多个

循环在 range()函数中使用了变量。代码清单 11-2 给出了一个例子。

代码清单 11-2　一个可变嵌套循环

102 Hello World!

Another way to do the same thing is to start the loop counting at 0, instead of 1. (We 
mentioned that back in chapter 8.) This is very common in programming, and we’ll 
see why in the next chapter. Here’s how that would look:

Variable nested loops
Now let’s try a variable nested loop. That’s just a nested loop where one or more of the 
loops uses a variable in the range() function. Listing 11.2 shows an example.

numLines = int(raw_input ('How many lines of stars do you want? '))
numStars = int(raw_input ('How many stars per line? '))
for line in range(0, numLines):
    for star in range(0, numStars): 
        print '*',
    print

Try running this program to see if it makes sense. You should see something like this:

The first two lines ask the user how many lines she wants and how many stars per line. It 
remembers the answers using the variables numLines and numStars. Then we have the 
two loops:

� The inner loop (for star in range (0, numStars):) prints each star, and runs once 
for each star on a line. 

� The outer loop (for line in range (0, numLines):) runs once for each line of stars. 

The second print command is needed to start a new line of stars. If we didn’t have that, all 
the stars would print on one line, because of the comma in the first print statement.

Listing 11.2 A variable nested loop

>>> ============================ RESTART ============================
>>>
How many lines of stars do you want?  3
How many stars per line?  5
*****
*****
*****

numStars = int(raw_input ("How many stars do you want? "))
for i in range(0, numStars):
     print '*',

>>> ====================== RESTART =====================
>>>
How many stars do you want? 5
* * * * *

102 Hello World!

Another way to do the same thing is to start the loop counting at 0, instead of 1. (We 
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� The inner loop (for star in range (0, numStars):) prints each star, and runs once 
for each star on a line. 

� The outer loop (for line in range (0, numLines):) runs once for each line of stars. 

The second print command is needed to start a new line of stars. If we didn’t have that, all 
the stars would print on one line, because of the comma in the first print statement.

Listing 11.2 A variable nested loop

>>> ============================ RESTART ============================
>>>
How many lines of stars do you want?  3
How many stars per line?  5
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*****
*****

numStars = int(raw_input ("How many stars do you want? "))
for i in range(0, numStars):
     print '*',
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>>>
How many stars do you want? 5
* * * * *

102 Hello World!

Another way to do the same thing is to start the loop counting at 0, instead of 1. (We 
mentioned that back in chapter 8.) This is very common in programming, and we’ll 
see why in the next chapter. Here’s how that would look:

Variable nested loops
Now let’s try a variable nested loop. That’s just a nested loop where one or more of the 
loops uses a variable in the range() function. Listing 11.2 shows an example.

numLines = int(raw_input ('How many lines of stars do you want? '))
numStars = int(raw_input ('How many stars per line? '))
for line in range(0, numLines):
    for star in range(0, numStars): 
        print '*',
    print

Try running this program to see if it makes sense. You should see something like this:

The first two lines ask the user how many lines she wants and how many stars per line. It 
remembers the answers using the variables numLines and numStars. Then we have the 
two loops:

� The inner loop (for star in range (0, numStars):) prints each star, and runs once 
for each star on a line. 

� The outer loop (for line in range (0, numLines):) runs once for each line of stars. 

The second print command is needed to start a new line of stars. If we didn’t have that, all 
the stars would print on one line, because of the comma in the first print statement.

Listing 11.2 A variable nested loop

>>> ============================ RESTART ============================
>>>
How many lines of stars do you want?  3
How many stars per line?  5
*****
*****
*****

numStars = int(raw_input ("How many stars do you want? "))
for i in range(0, numStars):
     print '*',

>>> ====================== RESTART =====================
>>>
How many stars do you want? 5
* * * * *

前两行询问用户想要多少行，以及每行希望有多少个星号。程序使用变量

numLines和 numStars记住这些答案。接下来有两个循环：

内循环（�� for star in range (0, numStars):）打印每个星号，对每一行

上的每个星号分别运行一次；

外循环（�� for line in range (0, numLines):）对每行星号分别运行一次。

需要用第二个 print命令开始新的一行星号。如果没有这个命令，由于第一个

print语句中有逗号，所有星号都会打印到同一行上。

甚至可以有“嵌套嵌套循环”（或双重嵌套循环），就像代码清单 11-3 这样。

运行这个程序来看它的作用，你会看到类似这样的结果：
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代码清单 11-3　利用双重嵌套循环生成星号块
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We can even have nested-nested loops (or double-nested loops). That would look like the 
ones in listing 11.3.

numBlocks = int(raw_input ('How many blocks of stars do you want? '))
numLines = int(raw_input ('How many lines in each block? '))
numStars = int(raw_input ('How many stars per line? '))
for block in range(0, numBlocks):
    for line in range(0, numLines):
        for star in range(0, numStars): 
            print '*',
        print
    print

Here’s the output:

We say the loop is nested “three deep.”

Even more variable nested loops
Listing 11.4 shows a trickier version of the program from listing 11.3.

numBlocks = int(raw_input('How many blocks of stars do you want? '))
for block in range(1, numBlocks + 1):
    for line in range(1, block * 2 ): 
        for star in range(1, (block + line) * 2):
            print '*',
        print
    print

Listing 11.3 Blocks of stars with double-nested loops

Listing 11.4 A trickier version of blocks of stars

>>> ======================= RESTART =======================
>>>
How many blocks of stars do you want? 3
How many lines of stars in each block? 4
How many stars per line? 8
* * * * * * * *
* * * * * * * *
* * * * * * * *
* * * * * * * *

* * * * * * * *
* * * * * * * *
* * * * * * * *
* * * * * * * *

* * * * * * * *
* * * * * * * *
* * * * * * * *
* * * * * * * *

Formulas for number 
of lines and stars

numBlocks = int(raw_input ('How many blocks of stars do you want? '))

numLines = int(raw_input ('How many lines in each block? '))

numStars = int(raw_input ('How many stars per line? '))

for block in range(0, numBlocks):

    for line in range(0, numLines):

        for star in range(0, numStars): 

            print '*',

        print

    print

会得到下面的输出：
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* * * * * * * *
* * * * * * * *
* * * * * * * *
* * * * * * * *

* * * * * * * *
* * * * * * * *
* * * * * * * *
* * * * * * * *

* * * * * * * *
* * * * * * * *
* * * * * * * *
* * * * * * * *

Formulas for number 
of lines and stars

我们称这个循环嵌套“深度为 3”。

11.4　更多可变嵌套循环

代码清单 11-4 是代码清单 11-3 的一个更复杂的版本。

代码清单 11-4　更复杂的星号块

行数和星号数的公式
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输出如下： >>> ======================= RESTART =======================

>>> 

How many blocks of stars do you want? 3

* * * *

* * * * *

* * * * * * *

* * * * * * * * *

* * * * * * *

* * * * * * * * *

* * * * * * * * * * *

* * * * * * * * * * * * *

* * * * * * * * * * * * * * *

104 Hello World!

Here’s the output:

In listing 11.4, the loop variables of the outer loops are used to set the ranges for the inner 
loops. So instead of each block having the same number of lines and each line having the 
same number of stars, they’re different each time through the loop.

You can nest loops as deep as you want. It can get a bit hairy keeping track of what’s going 
on, so it sometimes helps to print out the values of the loop variables, as in listing 11.5. 

numBlocks = int(raw_input('How many blocks of stars do you want? '))
for block in range(1, numBlocks + 1):
    print 'block = ', block    
    for line in range(1, block * 2 ):
        for star in range(1, (block + line) * 2): 
            print '*',
        print '  line = ', line, 'star = ', star 
    print

Here’s the output of the program:

Listing 11.5 Printing the loop variables in nested loops

>>> ======================= RESTART =======================
>>>
How many blocks of stars do you want? 3
* * *

* * * * *
* * * * * * *
* * * * * * * * *

* * * * * * *
* * * * * * * * *
* * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * * * *

Displays variables

>>> ======================= RESTART =======================
>>>
How many blocks of stars do you want? 3
block =  1
* * *   line =  1  star = 3

block =  2
* * * * *   line =  1  star = 5
* * * * * * *   line =  2  star = 7
* * * * * * * * *   line =  3  star = 9

block =  3
* * * * * * *   line =  1  star = 7
* * * * * * * * *   line =  2  star = 9
* * * * * * * * * * *   line =  3  star = 11
* * * * * * * * * * * * *   line =  4  star = 13
* * * * * * * * * * * * * * *   line =  5  star = 15

104 Hello World!

Here’s the output:

In listing 11.4, the loop variables of the outer loops are used to set the ranges for the inner 
loops. So instead of each block having the same number of lines and each line having the 
same number of stars, they’re different each time through the loop.

You can nest loops as deep as you want. It can get a bit hairy keeping track of what’s going 
on, so it sometimes helps to print out the values of the loop variables, as in listing 11.5. 

numBlocks = int(raw_input('How many blocks of stars do you want? '))
for block in range(1, numBlocks + 1):
    print 'block = ', block    
    for line in range(1, block * 2 ):
        for star in range(1, (block + line) * 2): 
            print '*',
        print '  line = ', line, 'star = ', star 
    print

Here’s the output of the program:

Listing 11.5 Printing the loop variables in nested loops

>>> ======================= RESTART =======================
>>>
How many blocks of stars do you want? 3
* * *

* * * * *
* * * * * * *
* * * * * * * * *

* * * * * * *
* * * * * * * * *
* * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * * * *

Displays variables

>>> ======================= RESTART =======================
>>>
How many blocks of stars do you want? 3
block =  1
* * *   line =  1  star = 3

block =  2
* * * * *   line =  1  star = 5
* * * * * * *   line =  2  star = 7
* * * * * * * * *   line =  3  star = 9

block =  3
* * * * * * *   line =  1  star = 7
* * * * * * * * *   line =  2  star = 9
* * * * * * * * * * *   line =  3  star = 11
* * * * * * * * * * * * *   line =  4  star = 13
* * * * * * * * * * * * * * *   line =  5  star = 15

代码清单 11-4 中，外循环的循环变量用来为内循环设置范围。所以每个星号块

不再有相同的行数，而且每一行也不再有相同的星号数，每次循环时行数和星号数

都不同。

你希望循环嵌套多深，就可以有多深。要明白这样的嵌套循环会让人很头疼，

所以有时打印出循环变量的值会很有帮助，如代码清单 11-5 所示。

代码清单 11-5　在嵌套循环中打印循环变量

显示变量

以下是这个程序的输出：
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在很多情况下，而不只限于在循环中，打

印变量的值都会对你很有帮助。这也是最常用

的调试方法之一。

...

11.5　使用嵌套循环

那么我们能够用嵌套循环做些什么呢？嗯，嵌套循环最擅长的工作就是得出一

系列决定的所有可能的排列和组合。

噢，那很疼的！

医生！

说话呀！
Frances……

术语箱
排 列（permutation） 是 一 个 数 学 概 念， 表 示 结 合 一 组 事 物 的 唯 一 方 式。 组 合

（combination）与它很类似。它们的区别在于，对于组合，顺序并不重要，而排列中顺

序会有影响。

如果要从 1 到 20 选择 3 个数，可以选择

 5, 8, 14

 2, 12, 20

等等。如果想建立一个列表，列出从 1 到 20 选择 3 个数的所有排列，下面这两项是不

同的：

 5, 8, 14

 8, 5, 14

这是因为，对于排列，元素出现的顺序很重要。如果建立一个包含所有组合的列表，

下面这些都会视为一项：

 5, 8, 14

 8, 5, 14

 8, 14, 5

这是因为对于组合来说，顺序并不重要。
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要解释这个问题，最好的办法就是举一个例子。下面假设你要在学校开春季交

易会期间开个热狗店，你想做个广告海报，用数字显示如何订购热狗、小面包、番茄

酱、芥末酱和洋葱的所有可能的组合。所以我们需要得出总共有多少种可能的组合。

考虑这个问题的一种方法就是使用决策树（decision tree）。下面的图显示了这个

热狗问题的决策树。

每个决策点都有两种选择，是（Y）或者否（N）。这棵树的每一条不同的路径

分别描述了热狗各部分的不同的组合。这里突出显示的路径是这样选择的：热狗选

择 Y，小面包选择 N，芥末酱选择 Y，番茄酱选择 Y 。

现在我们使用嵌套循环来列出所有组合，也就是这棵决策树的所有路径。由于

这里有 5 个决策点，所以在我们的决策树中有 5 层，相应地，在程序中就会有 5 个

嵌套循环。（上图只显示了决策树的前 4 层。）

在 IDLE 编辑器窗口中键入代码清单 11-6 中的代码，保存为 hotdog1.py。

代码清单 11-6　热狗组合

开始

热狗选择

小面包选择

芥末酱选择

番茄酱选择

……

是

是 是

是

是 否 否 否 否 否 否 否 否

否 否 否否

是 是

是 是 是

是 是 是 是 是

否 否
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The best way to explain this is with an example. Let’s imagine you’re running a hot dog 
stand at your school’s spring fair, and you want to make a poster showing how to order all 
possible combinations of hot dog, bun, ketchup, mustard, and onions by number. So we 
need to figure out what all the possible combinations are.

One way to think about this problem is to use something called a decision tree. The next  
figure shows a decision tree for the hot dog problem.

Each decision point has only two choices, Yes or No. Each different path down the tree 
describes a different combination of hot dog parts. The path I highlighted says “Yes” for hot 
dog, “No” for bun, “Yes” for mustard, and “Yes” for ketchup. 

Now we’re going to use nested loops to list all the combinations—all the paths through the 
decision tree. Because there are five decision points, there are five levels in our decision 
tree, so there will be five nested loops in our program. (Above figure only shows the first 
four levels of the decision tree.)

Type the code in listing 11.6 into an IDLE (or SPE) editor window, and save it as hotdog1.py.

print "\tDog \tBun \tKetchup\tMustard\tOnions"
count = 1

for dog in [0, 1]: 

    for bun in [0, 1]: 

        for ketchup in [0, 1]:  

            for mustard in [0, 1]: 

                for onion in [0, 1]:  
                    print "#", count, "\t",
                    print dog, "\t", bun, "\t", ketchup, "\t",
                    print mustard, "\t", onion
                    count = count + 1

Listing 11.6 Hot dog combinations

Start

Yes No

Y N

Y N Y N Y N Y N Y N

Y

NY Y

N

Y

Y

N N

N N

Y

Y

Y N N

etc.

Hot dog choice

Bun choice

Mustard choice

Ketchup choice

onion 
loop

mustard 
loop

ketchup 
loop

dog 
loop

bun 
loop

热狗循环

小面包
循环

番茄酱
循环

芥末酱
循环

洋葱循环
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看到这些循环是如何一个套一个的了吗？这正是嵌套循环，即一个循环放在另

一个循环中。

外循环（热狗循环）运行两次。��

对热狗循环的每一次迭代，小面包循环运行两次，所以它会运行 2 × 2 = 4 次。��

对小面包循环的每一次迭代，番茄酱循环运行两次，所以它会运行 2 × 2 × ��

2 = 8 次。

依此类推。

最内层循环（嵌套最深的循环，也就是洋葱循环）会运行 2 × 2 × 2 × 2 × 2 = 
32 次。这就涵盖了所有可能的组合。因此共有 32 种可能的组合。

如果运行代码清单 11-6 中的程序，会得到下面的结果：
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See how the loops are all one inside the other? That’s what nested loops really are—loops 
inside other loops.

� The outer (dog) loop runs twice. 
� The bun loop runs twice for each iteration of the dog loop. So it runs 2 x 2 = 4 times. 
� The ketchup loop runs twice for each iteration of the dog loop. So it runs 2 x 2 x 2 = 8 

times.
� And so on. 

The innermost loop (that’s the one farthest in—the onion loop) runs 2 x 2 x 2 x 2 x 2 = 32 
times. This covers all the possible combinations. So there are 32 possible combinations.

If you run the program in listing 11.6, you should get something like this:

>>> =========================== RESTART ===========================
>>>
         Dog     Bun     Ketchup Mustard Onions
# 1      0       0       0        0        0
# 2      0       0       0        0        1
# 3      0       0       0        1        0
# 4      0       0       0        1        1
# 5      0       0       1        0        0
# 6      0       0       1        0        1
# 7      0       0       1        1        0
# 8      0       0       1        1        1
# 9      0       1       0        0        0
# 10     0       1       0        0        1
# 11     0       1       0        1        0
# 12     0       1       0        1        1
# 13     0       1       1        0        0
# 14     0       1       1        0        1
# 15     0       1       1        1        0
# 16     0       1       1        1        1
# 17     1       0       0        0        0
# 18     1       0       0        0        1
# 19     1       0       0        1        0
# 20     1       0       0        1        1
# 21     1       0       1        0        0
# 22     1       0       1        0        1
# 23     1       0       1        1        0
# 24     1       0       1        1        1
# 25     1       1       0        0        0
# 26     1       1       0        0        1
# 27     1       1       0        1        0
# 28     1       1       0        1        1
# 29     1       1       1        0        0
# 30     1       1       1        0        1
# 31     1       1       1        1        0
# 32     1       1       1        1        1
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这 5 个嵌套循环可以得到热狗、小面包、番茄酱、芥末酱和洋葱的所有可能的

组合。

代码清单 11-6 中，我们使用了制表符

来实现对齐，也就是符号 \t。我们还没有

讨论到打印格式，不过如果你想了解更多，

可以先看看第 21 章。

这里使用了一个名为 count的变量对各个组合编号。例

如，一个带小面包和芥末酱的热狗就是 #27。当然，这 32 个

组合中有些组合并没有实际意义。（如果没有小面包，但有番

茄酱和芥末酱，这样的热狗肯定会弄得一团糟。）要知道有句

话是这么说的：“顾客就是上帝！”

计算卡路里

因为如今所有人都很关心营养问题。下面为菜单上的每个组合增加一个卡路里 
计算。（你可能不太关心卡路里，不过我打赌你的爸爸妈妈一定很关心！）我们可以

利用这个机会使用 Python 的一些数学功能（这在第 3 章学过）。

我们已经知道了每个组合里有哪些项。现在需要的就是每一项的卡路里数。然

后可以在最内层循环中把各项的卡路里数加起来。

下面的代码设置了每一项有多少卡路里：

108 Hello World!

Mmmmm....
That’s one good

dog!

The five nested loops run through all possible combinations of dog, bun, ketchup, mustard, 
and onion.

In listing 11.6, we used the tab character to line everything up. That’s the \t parts. We 
haven’t talked about print formatting yet, but if you want to know more about it, you can 
have a peek at chapter 21.

We used a variable called count to number 
each combination. So, for example, a hot dog 
with bun and mustard would be #27. Of 
course, some of the 32 combinations don’t 
make sense. (A hot dog with no bun but with 
mustard and ketchup would be a little messy.) But you know what 
they say: “The customer is always right!”

Counting calories

Since everyone is concerned about nutrition these days, let’s add a 
calorie count for each combination on the menu. (You might not care 
about the calories, but I bet your parents do!) That will let us use some 
of Python’s math abilities, which we learned about back in chapter 3.

We already know which items are in each combination. All we need now are the calories for 
each item. Then we can add them all up in the innermost loop. 

Here’s some code that sets how many calories are in each item:

Now we just need to add them up. We know there’s either 0 or 1 of each item in each menu 
combination. So we can just multiply the quantity by the calories for 
every item, like this:

Because the order of operations is multiplication first, then addition, I didn’t
really need to put in the parentheses. I just put them in to make it easier to see
what’s going on.

dog_cal = 140
bun_cal = 120
mus_cal = 20
ket_cal = 80
onion_cal = 40

tot_cal = (dog * dog_cal) + (bun * bun_cal) + \
          (mustard * mus_cal) + (ketchup * ket_cal) + \
          (onion * onion_cal)

嗯，好吃……
这个热狗不错！

现在只需要把它们加起来。我们知道每个菜单组合中各项要么是 0 要么是 1。所

以可以直接将数量乘以每一项的卡路里，像这样：
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Mmmmm....
That’s one good

dog!

The five nested loops run through all possible combinations of dog, bun, ketchup, mustard, 
and onion.

In listing 11.6, we used the tab character to line everything up. That’s the \t parts. We 
haven’t talked about print formatting yet, but if you want to know more about it, you can 
have a peek at chapter 21.

We used a variable called count to number 
each combination. So, for example, a hot dog 
with bun and mustard would be #27. Of 
course, some of the 32 combinations don’t 
make sense. (A hot dog with no bun but with 
mustard and ketchup would be a little messy.) But you know what 
they say: “The customer is always right!”

Counting calories

Since everyone is concerned about nutrition these days, let’s add a 
calorie count for each combination on the menu. (You might not care 
about the calories, but I bet your parents do!) That will let us use some 
of Python’s math abilities, which we learned about back in chapter 3.

We already know which items are in each combination. All we need now are the calories for 
each item. Then we can add them all up in the innermost loop. 

Here’s some code that sets how many calories are in each item:

Now we just need to add them up. We know there’s either 0 or 1 of each item in each menu 
combination. So we can just multiply the quantity by the calories for 
every item, like this:

Because the order of operations is multiplication first, then addition, I didn’t
really need to put in the parentheses. I just put them in to make it easier to see
what’s going on.

dog_cal = 140
bun_cal = 120
mus_cal = 20
ket_cal = 80
onion_cal = 40

tot_cal = (dog * dog_cal) + (bun * bun_cal) + \
          (mustard * mus_cal) + (ketchup * ket_cal) + \
          (onion * onion_cal)

由于运算的先后顺序是先算乘法再算加法，所以这里原本不需要加

括号。之所以加括号是为了更容易地看出这是怎么做的。
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综合上面的内容，增加卡路里计算的热狗程序版本如代码清单 11-7 所示。

代码清单 11-7　能计算卡路里的热狗程序

长代码行

注意到以上代码中行末的反斜线（\）字符了吗？如果有一个很长的语句，在一行里

放不下，就可以使用反斜线字符告诉 Python，“这一行还没有结束。下一行的内容也是这

一行的一部分”。这里使用了两个反斜线把一个长代码行分成了 3 个小代码行。反斜线也

称为行联接符（line continuation character），很多编程语言都有这种行联接符。

还可以在整个表达式前后两边额外加一对小括号，这样不必使用反斜线也可以把语句

分为多行，就像下面这样：

tot_cal = ((dog * dog_cal) + (bun * bun_cal) +
          (mustard * mus_cal) + (ketchup * ket_cal) +
          (onion * onion_cal))
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Putting this all together, the new calorie-counter version of the hot dog program is shown 
in listing 11.7.

dog_cal = 140
bun_cal = 120
ket_cal = 80 
mus_cal  = 20
onion_cal = 40

print "\tDog \tBun \tKetchup\tMustard\tOnions\tCalories"
count = 1
for dog in [0, 1]: 
    for bun in [0, 1]:
        for ketchup in [0, 1]:
            for mustard in [0, 1]:
                for onion in [0, 1]:     
                    total_cal = (bun * bun_cal)+(dog * dog_cal) + \ 
                           (ketchup * ket_cal)+(mustard * mus_cal) + \
                               (onion * onion_cal) 
                    print "#", count, "\t",     
                    print dog, "\t", bun, "\t", ketchup, "\t",
                    print mustard, "\t", onion,
                    print "\t", total_cal
                    count = count + 1 

Try running the program in listing 11.7 in IDLE. The output should look like this:

Listing 11.7 Hot dog program with calorie counter

Long lines of code
Did you notice the backslash (\) characters at the end of the lines in the previous code? If you
have a long expression that won’t fit on a single line, you can use the backslash character to tell
Python, “This line isn’t done. Treat whatever is on the next line as if it’s part of this line.” Here we
used two backslashes to split our long line into three short lines. The backslash is called a line-
continuation character, and several programming languages have them.

You can also put an extra set of parentheses around the whole expression, and then you can split
your expression over multiple lines without using the backslash, like this:

tot_cal = ((dog * dog_cal) + (bun * bun_cal) + 
          (mustard * mus_cal) + (ketchup * ket_cal) + 
          (onion * onion_cal))

Lists calories 
for each part 
of the hot dog

Prints 
headings

Dog is the 
outer loop

Nested loops

Calculates calories
in the inner loop

>>> =========================== RESTART ===========================
>>>
          Dog      Bun      Ketchup  Mustard  Onions   Calories
# 1       0        0        0        0        0        0
# 2       0        0        0        0        1        40
# 3       0        0        0        1        0        20

dog_cal = 140
bun_cal = 120
ket_cal = 80 
mus_cal  = 20
onion_cal = 40

print "\tDog \tBun \tKetchup\tMustard\tOnions\tCalories"
count = 1
for dog in [0, 1]: 
    for bun in [0, 1]:
        for ketchup in [0, 1]:
            for mustard in [0, 1]:
                for onion in [0, 1]:     
                    total_cal = (bun * bun_cal)+(dog * dog_cal) + \ 
                         (ketchup * ket_cal)+(mustard * mus_cal) + \
                               (onion * onion_cal) 
                    print "#", count, "\t",     
                    print dog, "\t", bun, "\t", ketchup, "\t",
                    print mustard, "\t", onion,
                    print "\t", total_cal
                    count = count + 1 

列出热狗各部分的
卡路里

打印表头

热狗循环是外循环

嵌套循环

内循环中计算卡路里

在 IDLE 中运行代码清单 11-7 中的程序，应该能得到这样的输出：
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想想看，如果你自己手工计算所有这些组合的卡路里该是多么枯燥，即使用计

算器来完成数学运算也会很乏味。编写一个程序，让它帮你把这些都算出来就有意

思多了。运用循环和 Python 中的一点数学运算，这个任务对它来说简直是小菜一碟。

110 Hello World!

Just imagine how tedious it would be to work out the calories for all these combinations by 
hand, even if you had a calculator to do the math. It’s way more fun to write a program to 
figure it all out for you. Looping and a bit of math in Python make it a snap!

What did you learn?

In this chapter, you learned about

� nested loops.
� variable loops.
� permutations and combinations.
� decision trees.

Test your knowledge
1 How do you make a variable loop in Python?

2 How do you make a nested loop in Python?

# 4       0        0        0        1        1        60
# 5       0        0        1        0        0        80
# 6       0        0        1        0        1        120
# 7       0        0        1        1        0        100
# 8       0        0        1        1        1        140
# 9       0        1        0        0        0        120
# 10      0        1        0        0        1        160
# 11      0        1        0        1        0        140
# 12      0        1        0        1        1        180
# 13      0        1        1        0        0        200
# 14      0        1        1        0        1        240
# 15      0        1        1        1        0        220
# 16      0        1        1        1        1        260
# 17      1        0        0        0        0        140
# 18      1        0        0        0        1        180
# 19      1        0        0        1        0        160
# 20      1        0        0        1        1        200
# 21      1        0        1        0        0        220
# 22      1        0        1        0        1        260
# 23      1        0        1        1        0        240
# 24      1        0        1        1        1        280
# 25      1        1        0        0        0        260
# 26      1        1        0        0        1        300
# 27      1        1        0        1        0        280
# 28      1        1        0        1        1        320
# 29      1        1        1        0        0        340
# 30      1        1        1        0        1        380
# 31      1        1        1        1        0        360
# 32      1        1        1        1        1        400
>>>
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>>>

你学到了什么

在这一章，你学到了以下内容。

嵌套循环。��

可变循环。��

排列和组合。��

决策树。��
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测试题

1. Python 中如何建立可变循环？

2. Python 中如何建立嵌套循环？

3. 下面的代码总共会打印出多少星号：

4. 第 3 题中的代码会得到什么输出？

5.  如果一个决策树有 4 层，每层有两个选择，共有多少种可能的选择（决策树

有多少条路径）？

动手试一试

1. 还记得第 8 章创建的倒计时定时器程序吗？在这儿呢，提醒你一下：

111 CHAPTER 11 Nested and Variable Loops

3 What’s the total number of stars that will be printed by the 
following code:

4 What will the output from the code in question #3 look like?

5 If a decision tree has four levels and two choices per level, how many possible choices 
(paths through the decision tree) are there?

Try it out
1 Remember the countdown-timer program we created in chapter 8? Here it is, to 

refresh your memory:

Modify the program to use a variable loop. The program should ask the user where the
countdown should start, like this:

2 Take the program you wrote in question #1, and have it print a row of stars beside 
each number, like this:

(Hint: You probably need to use a nested loop.)

for i in range(5):
    for j in range(3):
        print '*',

import time
for i in range (10, 0, -1):
    print i
    time.sleep(1)
print "BLAST OFF!"

Countdown timer:  How many 
seconds?  4

4
3
2
1
BLAST OFF! 

Countdown timer:  How many 
seconds?  4

4 * * * *
3 * * *
2 * *
1 *
BLAST OFF! 

     使用一个可变循环修改程序。这个程序要询问用户向下计数应当从哪里开始，

比如：

Countdown timer:  How many seconds?  4

4

3

2

1

BLAST OFF!

2. 根据第 1 题写的程序，让它除了打印各个数之外还要打印一行星号，如下：

Countdown timer:  How many seconds?  4

4 * * * *

3 * * *

2 * *

1 *

BLAST OFF! 

     （提示：可能需要使用一个嵌套循环。）

for i in range(5):
    for j in range(3):

    print
        print '*',
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第 12 章

收集起来—列表与字典

我们已经见过 Python 可以在内存中存储信息，还可以用名字来获取原先存储的

信息。到目前为止，我们存储过字符串和数（包括整数和浮点数）。有时候可以把

一堆东西存储在一起，放在某种“组”或者“集合”中，这可能很有用。这样一来，

就可以一次对整个集合做某些处理，也能更容易地记录一组东西。有一类集合叫做

列表（list），另一类叫做字典（dictionary）。在这一章中，我们就来学习列表和字典

的相关知识—什么是列表，如何创建、修改和使用列表。

列表非常有用，很多很多程序里都用到了列表。后面几章开始讨论图形和游戏

编程时我们的例子中就会大量使用列表，因为游戏中的很多图形对象通常都存储在

列表中。

12.1　什么是列表

如果我让你建一个家庭成员列表，你可能会像

右图这样写：

在 Python 中，就要写成：

family = ['Mom', 'Dad', 'Junior', 'Baby']

如果我让你写下你的幸运数字，你可能会这样写：

在 Python 中，就要写成：

luckyNumbers = [2, 7, 14, 26, 30]
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family和 luckyNumbers都是 Python 列表的例子，列表中的单个元素就叫做项

或者元素（item）。可以看到，Python 中的列表与你在日常生活中建立的列表并没有

太大差异。列表使用中括号来指出从哪里开始，到哪里结束，另外用逗号分隔列表

内的各项。

12.2　创建列表

family和 luckyNumbers都是变量。前面曾经说过，可以为变量赋不同类型的

值。我们已经为变量赋过数和字符串，还可以为变量赋一个列表。

就像创建任何其他变量一样，创建列表也是要为它赋某个值，如前面对

luckyNumbers的赋值。另外还可以创建一个空的列表，如下： newList = []

中括号没有任何元素，所以这个列表是空的。不过一个空列表有什么用呢？为

什么想要创建这样一个空列表呢？

嗯，很多情况下，我们无法提前知道列表中会有些什么。我们不知道其中会有

多少元素，也不知道这些元素是什么，只知道将会用一个列表来保存这些内容。有

了空列表后，程序就可以向这个列表中增加元素。这又怎么做到呢？

12.3　向列表增加元素

要向列表增加元素，需要使用 append()。在交互模式中试试下面的代码：

113 CHAPTER 12 Collecting Things Together—Lists

Both family and luckyNumbers are examples of Python lists, and the individual things 
inside lists are called items. As you can see, lists in Python aren’t much different from lists 
you make in everyday life. Lists use square brackets to show where the list starts and ends, 
and they use commas to separate the items inside. 

Creating a list
Both family and luckyNumbers are variables. We said before that you can assign different 
kinds of values to variables. We have already used them for numbers and strings, and they 
can also be assigned a list. 

You create a list like you create any other variable—by assigning something to it, just like 
we did with luckyNumbers. You can also create an empty list, like this:

There are no items inside the square brackets, so the list is empty. But what good is an 
empty list? Why would we want to create one?

Well, quite often, we don’t know ahead of time what’s going to be in the list. We don’t know 
how many items will be in it, or what those items will be. We just know we’ll be using a list 
to hold them. Once we have an empty list, the program can add things to it. So how do we 
do that?

Adding things to a list
To add things to a list, you use append(). Try this in interactive mode:

You’ll get this result:

Try adding another item:

Remember that you have to create the list (empty or not) before you start adding things to 
it. It’s like if you are making a cake: you can’t just start pouring ingredients together—you 
have to get a bowl out first to pour them into. Otherwise you’ll end up with stuff all over 
the counter! 

>>> friends = []
>>> friends.append('David')
>>> print friends

newList = []

Makes a new, empty list
Adds an item, 
"David", to the list

['David']

>>> friends.append('Mary')
>>> print friends
['David', 'Mary']

你会得到这样的结果： ['David']

再来增加一个元素： >>> friends.append('Mary')
>>> print friends
['David', 'Mary']

记住，向列表增加元素之前，必须先创建列表（可以是空列表，也可以非空）。

这就像在做一个蛋糕：不能直接把各种配料倒在一起，而是先将配料倒入碗中，不

然肯定会弄得到处都是！

向列表增加一项 "David"

建立一个新的空列表
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12.4　这个点是什么

为什么要在 friends和 append()之间

加一个点（.）呢？嗯，现在要谈到一个重

要的话题了：这就是对象。我们会在第 14
章学习关于对象的更多内容，不过现在先简

单解释一下。

Python 中的很多东西都是对象（object）。要想用对象做某种处理，需要这个

对象的名字（变量名），然后是一个点，再后面是要对对象做的操作。所以要向

friends列表追加一个元素，就要写成： friends.append(something)

12.5　列表可以包含任何内容

列表可以包含 Python 能存储的任何类型的数据，这包括数字、字符串、对象，

甚至可以包含其他列表。并不要求列表中的元素是同种类型或同一种东西。这说明，

一个列表中可以同时包含不同类型，例如数字和字符串，可能像这样：

my_list = [5, 10, 23.76, 'Hello', myTeacher, 7, another_list]

下面用一些简单的内容建立一个新列表，比如字母表中的字母，这样我们在学

习列表时就能更容易地了解做了些什么。在交互模式中键入下面的代码：

>>> letters = ['a', 'b', 'c', 'd', 'e']

哈，再加点鸡
蛋，搞定了。

咦，怎么回事？

面粉

术语箱
追加（append）是指把一个东西

加在最后面。

把一个东西追加到列表时，会把

它增加到列表的末尾。
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到底怎么回事？

你应该记得计算机使用二进制数也就

是“比特”来存储一切信息。很久以

前，这些比特非常贵重。每一个比特都

必须精挑细选，还要靠毛驴从比特农场

搬运……这只是开个玩笑。不过这些比特

位确实很昂贵。

二进制计数从 0 开始。所以，为

了最高效地使用比特位而没有任何浪费，

内存位置和列表索引也都从 0 开始。

12.6　从列表获取元素

可以按元素的索引（index）号从列表获取单个元素。列表索引从 0 开始，所以

这个列表中的第一项就是 letters[0]。 >>> print letters[0]
a

再来试一个： >>> print letters[3]
d

为什么索引从 0 而不是 1 开始？

从计算机发明到现在，很多程序员、工程师还有计

算机科学家们一直都在争论这个问题。我可不想

陷入这场争论中，所以直接告诉你答案：“因

为事实就是这样。”下面我们继续……

好吧，好吧，可以看看下面的“到底怎么

回事”，这里解释了为什么索引从 0 而不是

从 1 开始。

S

嘿，你不能这
么简单地糊
弄过去！

 

嘿，你这个
好奇的家伙，
来看看这

个！

你很快就会习惯从 0 开始索引，因为这在编程中相当常见。
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12.7　列表“分片”

还可以使用索引从列表一次获取多个元素。这叫做列表分片（slicing）。

>>> print letters[1:4]
['b', 'c', 'd']

与 for循环中的 range()类似，分片获取元素时，会从第一个索引开始，不过

在达到第二个索引之前停止。正是因为这个原因，前面的例子中我们只取回 3 项，

而不是 4 项。要记住这一点，一种方法就是牢记取回的项数总是两个索引数之差（4 
– 1 = 3，所以取回 3 项）。

注意！这个词有意思！

索引（index）表示某个东西的位置。index 的复数形式是 indices（不过有

些人也用 indexes 作为 index 的复数形式）。 

如果你在队伍中排在第 4 个，你在这个队伍中的索引就是 4。不过，如果你

是一个 Python 列表中的第 4 个人，索引则是 3，因为 Python 列表索引从 0 开始！

我喜欢吐 
司切片夹 
奶酪！

关于列表分片，还有一个重要的问题需要记住：对列表分片时取回的是另一个

（通常更小的）列表。这个更小的列表称为原列表的一个分片（slice）。原来的列表并

没有改变。这个分片是原列表的部分副本（copy）。

下面来看这有什么不同： >>> print letters[1]
b
>>> print letters[1:2]
['b']
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在第一种情况下，我们取回一个元素。在第二种情况下，取回的是包含这个元

素的一个列表。这个差别很微妙，但是你必须知道。在第一种情况下，我们使用了

一个索引从列表得到一个元素。第二种情况下则是使用分片记法来得到列表的一个

单元素分片（只包含一个元素的分片）。

要真正了解二者的区别，可以试试这些命令：

>>> print type(letters[1])
<type 'str'>
>>> print type(letters[1:2])
<type 'list'>

这里分别显示了两个结果的类型（type），从中可以清楚地看出，前一种情况下

得到了一个元素（这里是一个字符串），后一种情况下得到的是一个列表。

对列表分片时会得到一个较小的列表，这是原列表中元素的一个副本。这说明，

可以修改这个分片，而原列表不会受到任何影响。

分片简写

使用分片时可以采用一些简写形式。即使采用这些简写，也不会减少太多键入。

不过程序员总是很懒，所以他们会大量使用简写。我希望你知道这些简写是什么，

这样当你在别人的代码中看到这些简写时就能认出来，而且明白是什么意思。这很

重要，因为学习新的编程语言时（或者笼统地说，学习编程时），查看并且理解其他

人的代码是一种很好的方法。

如果你想要的分片包括列表的开始部分，简写方式是使用冒号，后面是想要的

元素个数，例如： >>> print letters[:2]
['a', 'b']

注意，冒号前面没有数字。这样就会得到从列表起始位置开始一直到（但不包

括）指定索引之间的所有元素。

要得到列表末尾也可以用类似的记法。 >>> print letters[2:]
['c', 'd', 'e']

使用一个后面跟冒号的数，这样可以得到从指定索引到列表末尾的所有元素。

如果没有放入任何数，而只有冒号，就可以得到整个列表：

>>> print letters[:]
['a', 'b', 'c', 'd', 'e']
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应该记得吧？我说过分片就是建立原列表的副本。所以 letters[:]会建立整个

列表的副本。如果你想对列表做些修改，但是同时还想保持原来的列表不做任何改

变，使用这种分片就会很方便。

12.8　修改元素

可以使用索引来修改某个列表元素： >>> print letters
['a', 'b', 'c', 'd', 'e']
>>> letters[2] = 'z'
>>> print letters
['a', 'b', 'z', 'd', 'e']

但是不能使用索引向列表增加新的元素。目前，这个列表中有 5 项，索引分别

是从 0 到 4。

所以不能这样做： letters[5] = 'f'

这是不行的。（如果你愿意也可以试试看。）这就像是想要改变一个还不存在的

东西。要向列表中增加元素，必须另想其他办法，我们下面就会做这个工作。不过，

在此之前，先把列表改回到原来的样子： >>> letters[2] = 'c'
>>> print letters
['a', 'b', 'c', 'd', 'e']

12.9　向列表增加元素的其他方法

我们已经看到了如何使用 append()向列表增加元素。不过除此以外还有其他一些

方法。实际上，向列表增加元素共有 3 种方法：append()、extend()和 insert()。

append()��  向列表末尾增加一个元素。

extend()��  向列表末尾增加多个元素。

insert()��  在列表中的某个位置增加一个元素，不一定非得在列表末尾。你

可以告诉它要在哪里增加元素。

增加到列表末尾：append()

我们已经见过 append()是如何工作的。它把一个元素增加到列表末尾：

>>> letters.append('n')
>>> print letters
['a', 'b', 'c', 'd', 'e', 'n']
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再来增加一项： >>> letters.append('g')
>>> print letters
['a', 'b', 'c', 'd', 'e', 'n', 'g']

注意这些字母并没有按顺序排列。这是因为 append()只是将元素增加到列表末

尾。如果希望这些元素按顺序排列，必须对它们排序。稍后就会谈到排序。

扩展列表：extend()

extend()在列表末尾增加多个元素：

>>> letters.extend(['p', 'q', 'r'])
>>> print letters
['a', 'b', 'c', 'd', 'e', 'n', 'g', 'p', 'q', 'r']

注意 extend()方法的圆括号中是一个列表。列表有一个中括号，所以对于

extend()，可以同时有圆括号和中括号。

提供给 extend()的列表中的所有内容都会增加到原列表的末尾。

插入一个元素：insert()

insert()会在列表中的某个位置增加一个元素。可以指定希望将元素增加到列

表的哪个位置：

>>> letters.insert(2, 'z')
>>> print letters
['a', 'b', 'z', 'c', 'd', 'e', 'n', 'g', 'p', 'q', 'r']

在这里，我们将字母 z 增加到索引为 2 的位置。索引 2 是列表中的第 3 个位置

（因为索引从 0 开始）。原先位于第 3 个位置上的字母（也就是 c）会向后推一个位

置，移到第 4 个位置上。它后面的每一个元素也都要向后移一个位置。

append()和 extend()的区别

有时 append()和 extend()看起来很类似，不过它们确实有一些区别。下面再回

到原来的列表。首先，用 extend()增加 3 个元素：  

>>> letters = ['a','b','c','d','e']
>>> letters.extend(['f', 'g', 'h'])
>>> print letters
['a', 'b', 'c', 'd', 'e', 'f', 'g', 'h']

现在，再用 append()做同样的事情：

>>> letters = ['a', 'b', 'c', 'd', 'e']
>>> letters.append(['f', 'g', 'h'])
>>> print letters
['a', 'b', 'c', 'd', 'e', ['f', 'g', 'h']]
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怎么回事？嗯，我们前面说过，append()会向列表增加一个元素。它怎么会增

加 3 个元素呢？其实它并没有增加 3 个元素，这里确实只增加了一个元素，只不过

这刚好是一个包含 3 项的列表。正是这个原因，所以在这个列表中多了一对中括号。

要记住，列表可以包含任何东西，也包括其他列表。这个例子就属于这种情况。

insert()的工作与 append()相同，只不过你可以告诉它在哪里放入新的元素。

append()总是把新元素放在列表末尾。

12.10　从列表删除元素

如何从列表删除或者去除元素呢？有 3 种方法：remove()、del和 pop()。

用 remove()删除元素

remove()会从列表中删除你选择的元素，把它丢掉：

>>> letters = ['a', 'b', 'c', 'd', 'e']
>>> letters.remove('c')
>>> print letters
['a', 'b', 'd', 'e']

你不需要知道这个元素在列表中的具体位置，只需要知道它确实在列表中（可

以是任何位置）。如果你想删除的东西根本不在列表中，就会得到错误消息：

>>> letters.remove('f')
Traceback (most recent call last):
  File "<pyshell#32>", line 1, in <module>
    letters. remove('f')
ValueError: list.remove(x): x not in list

那么怎么才能知道列表中是否包含某个元素呢？后面就要讲到。先来看另外两

种从列表中删除元素的方法。

用 del删除

del允许利用索引从列表中删除元素，如下所示：

>>> letters = ['a', 'b', 'c', 'd', 'e']
>>> del letters[3]
>>> print letters
['a', 'b', 'c', 'e']

在这里，我们删除了第 4 个元素（索引 3），也就是字母 d。
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用 pop()删除元素

pop()从列表中取出最后一个元素交给你。这说明，你可以为它指派一个名字，

比如：
>>> letters = ['a', 'b', 'c', 'd', 'e']
>>> lastLetter = letters.pop()
>>> print letters
['a', 'b', 'c', 'd']
>>> print lastLetter
e

使用 pop()时还可以提供一个索引，如：

>>> letters = ['a', 'b', 'c', 'd', 'e']
>>> second = letters.pop(1)
>>> print second
b
>>> print letters
['a', 'c', 'd', 'e']

在这里我们弹出了第 2 个字母（索引 1），也就是 b。弹出的元素赋给 second，

而且会从 letters删除。

括号里没有提供参数时，pop()会返回最后一个元素，并把它从列表中删除。

如果在括号里放入一个数，pop(n)会给出这个索引位置上的元素，而且会把它从列

表中删除。

12.11　搜索列表

列表中有多个元素时，怎么查找这些元素呢？对列表通常有两种处理：

查找元素是否在列表中；��

查找元素在列表中的哪个位置（元素的索引）。��

in关键字

要找出某个元素是否在列表中，可以使用 in关键字，例如：

if 'a' in letters:
    print "found 'a' in letters"
else:
    print "didn't find 'a' in letters"

'a' in letters部分是一个布尔或逻辑表达式。如果 a 在这个列表中，它会返

回值 True，否则返回 False。
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可以在交互模式中试试下面的命令： >>> 'a' in letters
True
>>> 's' in letters
False

可以看到，名为 letters的列表中确实包含一个元素 a，但是不包含元素 s。所

以 a 在列表中，而 s 不在列表中。现在可以结合使用 in和 remove()编写一些代码，

保证即使值不在列表中也不会给出错误： if 'a' in letters:
    letters.remove('a')

查找索引

为了找出一个元素位于列表中的什么位置，可以使用 index()方法，如下：

>>> letters = ['a', 'b', 'c', 'd', 'e']
>>> print letters.index('d')
3

所以我们知道 d 的索引是 3，这说明它是列表中的第 4 个元素。

就像 remove()一样，如果在列表中没有找到这个值，index()会给出一个错

误，所以最好结合使用 in，就像这样： if 'd' in letters:
    print letters.index('d')

12.12　循环处理列表

最早开始讨论循环时，我们看到循环完成了一个值列表的迭代处理。我们还

了解了 range()函数，并用它作为快捷方式为循环生成数字列表。前面已经看到

range()确实可以提供一个数字列表。

不过循环完全可以迭代处理任何列表，而不一定非得是数字列表。假设要显示

出我们的字母列表，一行显示一个元素，可以这样做：

>>> letters = ['a', 'b', 'c', 'd', 'e']
>>> for letter in letters:

术语箱
布尔（boolean）是一种只使用两个值（1 和 0，或者 true 和 false）的算术运

算。这是数学家乔治 ·布尔发明的，用 and、or 和 not 来结合 true 和 false 条件

（由 1 和 0 表示）时，就会用到布尔运算，我们在第 7 章中已经见过。
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这里我们的循环变量是 letter。（之前我们使用了 looper或 i、j和 k之类的

循环变量。）循环迭代处理（循环处理）列表中的所有值，每次迭代时，当前元素会

存储在循环变量 letter中，然后显示出来。

12.13　列表排序

列表是一种有顺序（ordered）的集合 。这说明列表中的元素有某种顺序，每个

元素都有一个位置，也就是它的索引。一旦以某种顺序将元素放在列表中，它们就会

保持这种顺序，除非用 insert()、append()、remove()或 pop()改变列表。不过

这个顺序可能不是你真正想要的顺序。你可能希望列表在使用前已经排序。

要对列表排序，可以使用 sort()方法。

>>> letters = ['d', 'a', 'e', 'c', 'b']
>>> print letters
['d', 'a', 'e', 'c', 'b']
>>> letters.sort()
>>> print letters
['a', 'b', 'c', 'd', 'e']

sort()会自动按字母顺序对字符串从小到大排序，如果是数字，就会按数字顺

序从小到大排序。

有一点很重要，你要知道 sort()会在原地修改列表。这说明它会改变你提供的

原始列表，而不是创建一个新的有序列表。所以，你不能这样做：

>>> print letters.sort()

如果这样做，会得到 “None”。必须分两步来完成，就像这样：

>>> letters.sort()
>>> print letters

按逆序排序

让一个列表按逆序排序有两种方法。一种方法是先按正常方式对列表排序，然

后对这个有序列表完成逆置（reverse），如下：

    print letter
a
b
c
d
e
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>>> letters = ['d', 'a', 'e', 'c', 'b']
>>> letters.sort()
>>> print letters
['a', 'b', 'c', 'd', 'e']

在这里我们看到一个新的列表方法 reverse()，它会把列表中元素的顺序倒过来。

另一种方法是向 sort()增加了一个参数，直接让它按降序排序（从大到小）：

>>> letters = ['d', 'a', 'e', 'c', 'b']
>>> letters.sort (reverse = True)
>>> print letters
['e', 'd', 'c', 'b', 'a']

这个参数名为 reverse，它会按照你的意愿，将列表按逆序排序。

要记住，我们刚才讨论的所有排序和逆置都会对原来的列表做出修改。这说明，

你原来的列表已经没有了。如果希望保留原来的顺序，而对列表的副本进行排序，

可以使用分片记法建立副本，也就是与原列表相等的另一个列表（有关的内容已经

在这一章前面讨论过）：

>>> letters.reverse()
>>> print letters
['e', 'd', 'c', 'b', 'a']

>>> original_list = ['Tom', 'James', 'Sarah', 'Fred']
>>> new_list = original_list[:]
>>> new_list.sort()
>>> print original_list
['Tom', 'James', 'Sarah', 'Fred']
>>> print new_list
['Fred', 'James', 'Sarah', 'Tom']

卡特，很高兴你问这个问题。

如果你还记得很早很早以前我们

刚开始谈到名字和变量时（第 2
章），曾经说过，完成 name1 = 

name2之类的操作时，就是为同

一个东西建立一个新的名字。应

该还记得这个图：

嘿，建立列表
副本时，你使

用了

new_list=original_list[:]

new_list = original_list

而不是
直接用

为什么最后 
还要一个额外
的分片呢？
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所以为一个东西指定另一个名字时，只是向同一个东西增加一个新的标签。在

卡特的这个例子中，new_list和 original_list都表示同一个列表。可以用任何一

个名字来改变列表（例如，可以对它排序）。不过，这里仍然只有一个列表，就如：

124 Hello World!

new_list = original_list

Hey, 
when you made 

a copy of the list, 
you used

new_list = original_list[:]

instead 
of just

Why did 
we need the 

extra slice thing 
at the end?

The parameter is called reverse, and it does exactly what you’d expect—it makes the list 
sort in reverse order.

Remember that all of the sorting and reversing we just talked about modifies the original 
list. That means your original order is lost. If you want to preserve the original order and 
sort a copy of the list, you could use slice notation, which we talked about earlier in this 
chapter, to make a copy—another list equal to the original:

I’m very glad you asked that, Carter. If 
you remember wayyyyy back when 
we first talked about names and 
variables (in chapter 2), we said that, 

when you do something like name1 = 
name2, you’re just making a new 
name for the same thing. Remem-
ber this picture:

So giving something another name just adds a new 
tag to the same thing. In Carter’s example, new_list 
and original_list both refer to the same list. You 
can change the list (for exam-
ple, you can sort it) by using 
either name. But there is still 
only one list. It looks like this:

>>> original_list = ['Tom', 'James', 'Sarah', 'Fred']
>>> new_list = original_list[:]
>>> new_list.sort()
>>> print original_list
['Tom', 'James', 'Sarah', 'Fred']
>>> print new_list
['Fred', 'James', 'Sarah', 'Tom']

original = [5,2,3,1,4] 

new = original

original

original
new

original
new

5,2,3,1,4

5,2,3,1,4

1,2,3,4,5
new.sort()

我们对 new完成排序，但是 original也同样得到排序，因为 new和 original

只是同一个列表的两个不同名字。这里并没有两个不同的列表。

当然，也可以把 new标签移到一个全新的列表上，就像这样：

125 CHAPTER 12 Collecting Things Together—Lists

We sorted new, but original also got sorted, because new and original are just two differ-
ent names for the same list. There are not two different lists.

You can, of course, move the new tag to a whole new list, like this:

That’s the same thing we did with strings and numbers in chapter 2.

This means that, if you really want to make a copy of a list, you need to do something differ-
ent from new = original. The easiest way to do this is to use slice notation, like I did above: 
new = original[:]. This means “copy everything in the list, from the first item to the last 
item.” Then you get this:

There are now two separate lists. We made a copy of the original and called it new. Now if 
we sort one list, the other one won’t be sorted.

Another way to sort—sorted()

There is another way to get a sorted copy of a list without changing the order of the origi-
nal list. Python has a function called 
sorted() for that purpose. It works like this:

The sorted() function gives you a sorted copy of the original list.

original = [5,2,3,1,4] 

new = original 

original

original
new

original

new

5,2,3,1,4

5,2,3,1,4

5,2,3,1,4

6,7,8,9,10

new = [6,7,8,9,10]

original = [5,2,3,1,4] 

new = original [:]

original

new 5,2,3,1,4

5,2,3,1,4

>>> original = [5, 2, 3, 1, 4]
>>> newer = sorted(original)
>>> print original
[5, 2, 3, 1, 4]
>>> print newer
[1, 2, 3, 4, 5]

125 CHAPTER 12 Collecting Things Together—Lists

We sorted new, but original also got sorted, because new and original are just two differ-
ent names for the same list. There are not two different lists.

You can, of course, move the new tag to a whole new list, like this:

That’s the same thing we did with strings and numbers in chapter 2.

This means that, if you really want to make a copy of a list, you need to do something differ-
ent from new = original. The easiest way to do this is to use slice notation, like I did above: 
new = original[:]. This means “copy everything in the list, from the first item to the last 
item.” Then you get this:

There are now two separate lists. We made a copy of the original and called it new. Now if 
we sort one list, the other one won’t be sorted.

Another way to sort—sorted()

There is another way to get a sorted copy of a list without changing the order of the origi-
nal list. Python has a function called 
sorted() for that purpose. It works like this:

The sorted() function gives you a sorted copy of the original list.

original = [5,2,3,1,4] 

new = original 

original

original
new

original

new

5,2,3,1,4

5,2,3,1,4

5,2,3,1,4

6,7,8,9,10

new = [6,7,8,9,10]

original = [5,2,3,1,4] 

new = original [:]

original

new 5,2,3,1,4

5,2,3,1,4

>>> original = [5, 2, 3, 1, 4]
>>> newer = sorted(original)
>>> print original
[5, 2, 3, 1, 4]
>>> print newer
[1, 2, 3, 4, 5]

第 2 章对字符串和数就是这样做的。

这说明，如果你确实想建立一个列表的副本，就要另想办法，而不能只是用

new = original。要达到这个目的，最容易的方法是使用分片记法，就像前面所做

的：new = original[:]。这表示“复制列表中的所有内容，从第一个元素到最后

一个元素”。这样就可以得到：

这里有两个不同的列表。我们建立了原列表的副本，命名为 new。现在如果对

一个列表排序，另一个列表将不会同时排序。
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另一种排序方法—sorted()

还有一种方法可以得到一个列表的有序副本而不会影响原列表的顺序。Python 提

供了一个名为 sorted()的函数可以完成这个功能。它的工作如下：

>>> original = [5, 2, 3, 1, 4]
>>> newer = sorted(original)
>>> print original
[5, 2, 3, 1, 4]
>>> print newer
[1, 2, 3, 4, 5]

sorted()函数提供了原列表的一个有序副本。

12.14　可改变和不可改变

如果还记得第 2 章中的内容，我们说过，真正改变一个数或字符串是做不到的，

你能改变的只是把一个名字指派到哪个数或字符串（换句话说，你只能移动标签）。

不过，Python 中确实有一些可以改变的类型，列表就是其中之一。刚才已经看到，

列表可以追加或删除元素，另外列表中的元素还可以排序或逆置。

这两种不同的变量分别称为可改变和不可改变的变量。可改变（mutable）是指

“能够改变”或者“可以改变”。不可改变（immutable）表示“不能改变”或者“不

可以改变”。在 Python 中，数字和字符串是不可改变的（不能改变），而列表是可改

变的（能够改变）。

元组—不可改变的列表

有些情况下你可能不希望列表可以改变。Python 中有没有一种不可改变的列表

呢？答案是肯定的。确实有一个名为元组（tuple）的类型，这就属于不可改变的列

表。可以这样来建立元组： my_tuple = ("red", "green", "blue")

这里使用了圆括号，而不是列表使用的中括号。

由于元组是不可改变的，所以不能对元组完成排序，也不能追加和删除元素。

一旦用一组元素创建一个元组，它就会一直保持不变。

12.15　双重列表：数据表

考虑数据如何存储在程序中时，可以用图直观地表示，这很有用。

变量有一个值。

126 Hello World!

Mutable and immutable
If you remember back to chapter 2, we said that you couldn’t actually change a number or 
string, you could only change what number or string a name was assigned to (in other 
words, move the tag). But lists are one of the types in Python that can be changed. As we 
just saw, lists can have items appended or deleted, and the items can be sorted or reversed.

These two different kinds of variables are called mutable and immutable. Mutable just means 
“able to be changed” or “changeable.” Immutable means “not able to be changed” or 
“unchangeable.” In Python, numbers and strings are immutable (cannot be changed), and 
lists are mutable (can be changed).

Tuple—an immutable list

There are times when you don’t want a list to be changeable. So, is there an immutable kind 
of list in Python? The answer is yes. There is a type called a tuple, which is exactly that, an 
immutable (unchangeable)
 list. You make one like this:

You use round brackets, instead of the square ones that lists use. 

Because tuples are immutable (unchangeable), you can’t do things like sort them or append 
or delete items. Once you create a tuple with a set of items, it stays that way.

Lists of lists: tables of data
When thinking about how data is stored in a program, it’s useful to visualize it.

A variable has a single value. 

A list is like a row of values strung together.

Sometimes you need a table with rows and columns.

my_tuple = ("red", "green", "blue")

myFriends KimCurtis ShaunJennKarla

classMarks Math Science Reading Spelling

55

65

63

61

97 95

77 81

72

88

67

92

Tom

Joe

Beth

myTeacher Mr. Wilson
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有时还需要一个包含行和列的表。

126 Hello World!

Mutable and immutable
If you remember back to chapter 2, we said that you couldn’t actually change a number or 
string, you could only change what number or string a name was assigned to (in other 
words, move the tag). But lists are one of the types in Python that can be changed. As we 
just saw, lists can have items appended or deleted, and the items can be sorted or reversed.

These two different kinds of variables are called mutable and immutable. Mutable just means 
“able to be changed” or “changeable.” Immutable means “not able to be changed” or 
“unchangeable.” In Python, numbers and strings are immutable (cannot be changed), and 
lists are mutable (can be changed).

Tuple—an immutable list

There are times when you don’t want a list to be changeable. So, is there an immutable kind 
of list in Python? The answer is yes. There is a type called a tuple, which is exactly that, an 
immutable (unchangeable)
 list. You make one like this:

You use round brackets, instead of the square ones that lists use. 

Because tuples are immutable (unchangeable), you can’t do things like sort them or append 
or delete items. Once you create a tuple with a set of items, it stays that way.

Lists of lists: tables of data
When thinking about how data is stored in a program, it’s useful to visualize it.

A variable has a single value. 

A list is like a row of values strung together.

Sometimes you need a table with rows and columns.

my_tuple = ("red", "green", "blue")

myFriends KimCurtis ShaunJennKarla

classMarks Math Science Reading Spelling

55

65
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61

97 95

77 81

72

88

67

92

Tom

Joe

Beth

myTeacher Mr. Wilson
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Mutable and immutable
If you remember back to chapter 2, we said that you couldn’t actually change a number or 
string, you could only change what number or string a name was assigned to (in other 
words, move the tag). But lists are one of the types in Python that can be changed. As we 
just saw, lists can have items appended or deleted, and the items can be sorted or reversed.

These two different kinds of variables are called mutable and immutable. Mutable just means 
“able to be changed” or “changeable.” Immutable means “not able to be changed” or 
“unchangeable.” In Python, numbers and strings are immutable (cannot be changed), and 
lists are mutable (can be changed).

Tuple—an immutable list

There are times when you don’t want a list to be changeable. So, is there an immutable kind 
of list in Python? The answer is yes. There is a type called a tuple, which is exactly that, an 
immutable (unchangeable)
 list. You make one like this:

You use round brackets, instead of the square ones that lists use. 

Because tuples are immutable (unchangeable), you can’t do things like sort them or append 
or delete items. Once you create a tuple with a set of items, it stays that way.

Lists of lists: tables of data
When thinking about how data is stored in a program, it’s useful to visualize it.

A variable has a single value. 

A list is like a row of values strung together.

Sometimes you need a table with rows and columns.

my_tuple = ("red", "green", "blue")

myFriends KimCurtis ShaunJennKarla

classMarks Math Science Reading Spelling

55

65

63

61

97 95

77 81

72

88

67

92

Tom

Joe

Beth

myTeacher Mr. Wilson

如何保存数据表呢？我们已经知道，列表中包含多个元素，可以把每个学生的

成绩放在一个列表中，像这样： >>> joeMarks = [55, 63, 77, 81]
>>> tomMarks = [65, 61, 67, 72]
>>> bethMarks = [97, 95, 92, 88]

或者对应每个课程使用一个列表，如下： >>> mathMarks = [55, 65, 97]
>>> scienceMarks = [63, 61, 95]
>>> readingMarks = [77, 67, 92]
>>> spellingMarks = [81, 72, 88]

不过我们可能希望把所有数据都收集到一个数据结构中。

术语箱
数据结构（data structure）是一种在程序中收集、存储或表示数据的方法。

数据结构包括变量、列表和其他一些我们还没有讨论到的内容。实际上，数据结构

这个词就表示程序中数据的组织方式。

要为我们的成绩建立一个数据结构，可以这样做：

>>> classMarks = [joeMarks, tomMarks, bethMarks]
>>> print classMarks
[[55, 63, 77, 81], [65, 61, 67, 72], [97, 95, 92, 88]]

这会得到一个元素列表，其中每个元素本身又是一个列表。我们创建了一个

“列表的列表” （list of list），也就是双重列表。classMarks列表中的每个元素本身又

都是一个列表。

还可以直接创建 classMarks，而不需要先创建 joeMarks、tomMarks 和

bethMarks，如下：

列表就像是把一行值串在一起。
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>>> classMarks = [ [55,63,77,81], [65,61,67,72], [97,95,92,88] ]
>>> print classMarks
[[55, 63, 77, 81], [65, 61, 67, 72], [97, 95, 92, 88]]

现在来显示我们的数据结构：classMarks有 3 个元素，每个元素分别对应一个

学生。所以可以使用 in来循环处理： >>> for studentMarks in classMarks:
        print studentMarks

[55, 63, 77, 81]
[65, 61, 67, 72]
[97, 95, 92, 88]

这里我们对名为 classMarks的列表完成循环处理。循环变量是 studentMarks。

每次循环时，会打印列表中的一个元素。这里的每一个元素分别是一个学生的成绩，

它本身也是一个列表。（前面创建过这些学生列表。）

可以注意到，这看上去与前一页的表很类似，所以我们提出的这种数据结构可

以把所有数据都保存在一个地方。

从表获取一个值

怎么得到这个表（也就是双重列表）中的值呢？我们已经知道，第一个学生的

成绩（joeMarks）在一个列表中，而这个列表本身是 classMarks中的第一个元素。

下面来检查一下： >>> print classMarks[0]
[55, 63, 77, 81]

classMarks[0]是 Joe 的 4 门课程成绩的一个列表。现在我们想从 classMarks[0]

得到一个值。怎么做呢？可以使用第二个索引。

如果希望得到他的第三个成绩（阅读课成绩），也就是索引 2，可以这样做：

>>> print classMarks[0][2]
77

这会给出 classMarks中的第一个元素（索引 0），也就是 Joe 的成绩列表，以

及这个列表中的第三个元素

（索引 2），这正是他的阅读

课成绩。看到一个名字后面

带着两组中括号时，比如说

classMarks[0][2]， 这 往

往表示一个双重列表。

128 Hello World!

Here we looped through the list called classMarks. The loop variable is studentMarks. Each 
time through the loop, we print one item in the list. That one item is the marks for a single 
student, which is itself a list. (We created the student lists above.)

Notice that this looks very similar to the table on the previous page. So we have come up 
with a data structure to hold all our data in one place.

Getting a single value from the table

How do we get access to values in this table (our list of lists)? We already know that the first 
student’s marks (joeMarks) are in a list that is the first item in classMarks. 
Let’s check that:

classMarks[0] is a list of Joe’s marks in the four subjects. Now we want a single value from 
classMarks[0]. How do we do that? We use a second index. 

If we want the third of his marks (his Reading mark), which has index 2, we’d 
do this:

This gave us the first item in classMarks (index 0), which was the list of Joe’s marks, and the 
third item in that list (index 2), which was his Reading mark. When you see a name with two 
sets of square brackets, like classMarks[0][2], that is usually referring to a list of lists.

The classMarks list doesn’t really know about the names Joe, Tom, and Beth, or the subjects 
Math, Science, Reading, and Spelling. We labeled them that way because we know 
what we intended to store in the list. But to Python, they’re just numbered places in a list. 
This is just like the numbered mailboxes at a post office. They don’t have names on them, 
just numbers. The postmaster keeps track of what belongs where, and you know which 
box is yours. 

>>> print classMarks[0]
[55, 63, 77, 81]

>>> print classMarks[0][2]
77

Math Science Reading Spelling

55

65

63

61

97 95

77 81

72

88

67

92

Tom

Joe

Beth

classMarks
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classMarks列表并不知道 Joe、Tom 和 Beth 这些名字，也不知道数学（Math）、
科学（Science）、阅读（Reading）和拼写（Spelling）这些课程。这里之所以这样标，

是因为我们知道想要在这个列表中储存什么信息。不过，对于 Python 来说，它们只

是列表中一些已经编号的位置而已。这就像邮局里编号的邮箱。邮箱上没有名字，

只有编号。邮递员只负责明确哪封信归哪个邮箱，而你知道哪个邮箱是你的。

要对 classMarks表加标签，一种更准确的方法应该是这样：

你来负责？
我想这是我
的工作。

129 CHAPTER 12 Collecting Things Together—Lists

A more accurate way to label the classMarks table would be like this:

Now it’s easier to see that the mark 77 is stored in classMarks[0][2].

If we were writing a program using classMarks to store our data, we’d have to keep track of 
which data was stored in which row and column. Just like the postmaster, we’d have the job 
of keeping track of which slot belongs to which piece of data.

What did you learn?

In this chapter, you learned 

� what lists are.
� how to add things to a list.
� how to delete things from a list.
� how to find out if a list contains a certain value.

You mind?
I’m trying 
to work 

here.

GRRRRRR!

[0] [1] [2] [3]

55

65

63

61

97 95

77 81

72

88

67

92

classMarks[0]

classMarks[1]

classMarks[2]

classMarks

现在可以更容易地看出成绩 77 存储在 classMarks[0][2]中。

如果编写一个程序使用 classMarks存储我们的数据，就必须知道哪些数据存储

在哪一行哪一列。就像邮递员一样，我们的任务是明确哪个位置属于哪个数据。

12.16　字典

从上文可以看出，Python 列表是一种将元素组织在一起的方式。在编程中，你

会经常想以另一种方式组织元素，即将某个值和另一个值关联起来。这种组织方式就
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像电话通讯录将姓名和电话号码关联起来，也像字典将单词和它们的含义关联起来。

Python 字典（dictionary）是一种将两个东西关联在一起的方式。被关联在一

起的两个东西分别称为键（key）和值（value）。字典中的每个项（item）或条目

（entry）都有一个键和一个值，它们合起来被称为键值对（key-value pair）。一个字典

就是一些键值对的集合。

一个简单的例子就是电话通讯录。假设你想

保存朋友们的电话号码。你会使用他们的姓名去

查找他们的号码（希望你的朋友们没有重名的）。

这个姓名就是“键”，即你会用它来查找信息，而

电话号码就是“值”，即你要查找的信息。

下面是创建一个 Python 字典的方法，我们用

它来存储姓名和电话号码。首先，创建一个空的

字典：

>>> phoneNumbers = {}

这个代码看起来和创建列表的方式非常像，只不过它使用的是花括号而不是方

括号。

然后，我们来添加一个条目：

>>> phoneNumbers["John"] = "555-1234"

如果我们打印一下字典，它看起来是这样的：

>>> print phoneNumbers
{'John': '555-1234'}

首先显示键，然后是一个冒号，再接着显示值。之所以用引号，是因为在这个

例子中键和值刚好都是字符串（不是必需的）。

也可以用另一种方式来完成：

>>> phoneNumbers = {"John": "555-1234"}

我们来添加更多的条目。不像在列表中可以使用 append()，在字典中则没有用

于添加新条目的方法。只需要指定新的键和值就行了：

Bob   444-4321

Jenny   867-5309

John   555-1234

Mary   555-6789
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>>> phoneNumbers["Mary"] = "555-6789"
>>> phoneNumbers["Bob"] = "444-4321"
>>> phoneNumbers["Jenny"] = "867-5309"

我们来看一下整个字典：

>>> print phoneNumbers
{'Bob': '444-4321', 'John': '555-1234', 'Mary': '555-6789', 'Jenny': '867-5309'}

我们之所以创建字典，是因为我们可以在字典中查找东西。在这个例子中，我

们希望按姓名来查找电话号码。你可以这样做：

>>> print phoneNumbers["Mary"]
'555-6789'

注意，这里使用方括号来指定你想要找的条目的键。整个字典本身还是被包裹

在花括号中。

字典和列表有点类似，但也有一些主要区别。这两种类型都称为“集合”

（collection），也就是说，它们都是将其他类型条目集中在一起的组织方式。

它们的一些相似点：

列表和字典都可以包含任意类型（甚至包括列表和字典）的条目，所以你可��

以有一个包含数字、字符串、对象甚至其他集合的集合。

列表和字典都提供了在集合中查找条目的方法。��

它们的一些不同点：

列表是有顺序的（ordered）。如果你按照某种顺序向列表中添加元素，这��

些元素就会保持这种顺序。你还可以对列表进行排序。字典是无序的

（unordered）。如果你向字典中添加内容，然后打印出来，显示的顺序可能会

跟添加的顺序不同。

列表中的元素是使用索引访问的，而字典中的条目是使用键来访问的： ��

　

>>> print myList[3]
'eggs'
>>> print myDictionary["John"]
'555-1234'

前面提到过，在 Python 中很多东西都是对象，列表和字典也是。所以列表和字

典都有一些使用点号表示法来使用的方法。
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keys()方法会列出字典中所有的键：

>>> phoneNumbers.keys()
['Bob', 'John', 'Mary', 'Jenny']

values()方法会列出字典中所有的值：

>>> phoneNumbers.values()
['444-4321', '555-1234', '555-6789', '867-5309']

其他的语言也有与 Python 字典类似的东西。它们通常被称为关联数组

（associative array），因为它们将键和值关联在一起。你可能也会听说它们的另外一个

名字—哈希表（hash table）。

和列表一样，字典中的条目也可以是任意类型，包括简单类型（整数、浮点数、

字符串）和集合（列表、字典）以及复合类型（对象）。

没错，你可以在字典中包含其他的字典，正如列表中可以包含其他的列表一样。

但事实上，这句话并不完全对。只有字典中的值是可以使用字典的，而键的要求更

为严格一些。早先我们谈论过可变类型（mutable）与不可变类型（immutable）。字

典的键只可以使用不可变类型（布尔、整数、浮点数、字符串和元组）。你不能使用

一个列表或者字典来当作键，因为它们是可变类型。

我在上面提到过，字典和列表有一个不同之处，就是字典是无序的。注意，尽

管 Bob 的电话是第三个被添加到字典中的，但在打印字典内容时却是第一个显示的。

字典没有顺序这个概念，所以对字典进行排序是没有意义的。但有时你希望将字典

中的内容按照某种顺序显示出来。虽然字典没有顺序，但可以对列表排序，所以当

你拿到键的列表后，就可以对键进行排序，然后按照键的顺序显示字典内容。你可

以使用 sorted()函数来对字典的键排序，像下面这样：

>>> for key in sorted(phoneNumbers.keys()):
　　　　　print key, phoneNumbers[key]

Bob 444-4321
Jenny 867-5309
John 555-1234
Mary 555-6789

这和你在列表中看到的 sorted()函数是一样的。如果你细想一下，会发现它是

有效的，因为字典的键的集合是一个列表。

那么，如果你想将字典的值（而不是键）按某种顺序输出该怎么办呢？在电话

通讯录的例子中，就是按照电话号码从小到大输出。字典的查找过程是单向的，这

意味着只能用键去查找值，而不能反过来。所以对值排序会有些困难。但这仍然是
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可以做到的，只是需要做更多的工作：

>>> for value in sorted(phoneNumbers.values()):
        for key in phoneNumbers.keys():
            if phoneNumbers[key] == value:
                print key, phoneNumbers[key]
Bob 444-4321
John 555-1234
Mary 555-6789
Jenny 867-5309

我们首先取得排序之后的值的列表，然后针对列表中的每个值，循环遍历字典

中的所有键，直到找到与该值关联的键。

下面是字典可以做的其他一些事情。

使用�� del删除一个条目：

　

>>> del phoneNumbers["John"] 
>>> print phoneNumbers
{'Bob': '444-4321', 'Mary': '555-6789', 'Jenny': '867-5309'

使用�� clear()删除所有条目（清空字典）： 

　

>>> phoneNumbers.clear() 
>>> print phoneNumbers 
{}

使用�� in确定某个键在字典中是否存在： 

　

>>> phoneNumbers = {'Bob':'444-4321', 'Mary':'555-6789','Jenny':'867-5309'}
>>> "Bob" in phoneNumbers 
True 
>>> "Barb" in phoneNumbers 
False

字典在 Python 代码中使用得很广泛。

这些当然不是有关 Python 字典的全部内容，但你应该对其有了大致的了解，这

样你就可以在代码中使用字典，也可以认出在其他代码中出现的字典。
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110 Hello World!

Just imagine how tedious it would be to work out the calories for all these combinations by 
hand, even if you had a calculator to do the math. It’s way more fun to write a program to 
figure it all out for you. Looping and a bit of math in Python make it a snap!

What did you learn?

In this chapter, you learned about

� nested loops.
� variable loops.
� permutations and combinations.
� decision trees.

Test your knowledge
1 How do you make a variable loop in Python?

2 How do you make a nested loop in Python?

# 4       0        0        0        1        1        60
# 5       0        0        1        0        0        80
# 6       0        0        1        0        1        120
# 7       0        0        1        1        0        100
# 8       0        0        1        1        1        140
# 9       0        1        0        0        0        120
# 10      0        1        0        0        1        160
# 11      0        1        0        1        0        140
# 12      0        1        0        1        1        180
# 13      0        1        1        0        0        200
# 14      0        1        1        0        1        240
# 15      0        1        1        1        0        220
# 16      0        1        1        1        1        260
# 17      1        0        0        0        0        140
# 18      1        0        0        0        1        180
# 19      1        0        0        1        0        160
# 20      1        0        0        1        1        200
# 21      1        0        1        0        0        220
# 22      1        0        1        0        1        260
# 23      1        0        1        1        0        240
# 24      1        0        1        1        1        280
# 25      1        1        0        0        0        260
# 26      1        1        0        0        1        300
# 27      1        1        0        1        0        280
# 28      1        1        0        1        1        320
# 29      1        1        1        0        0        340
# 30      1        1        1        0        1        380
# 31      1        1        1        1        0        360
# 32      1        1        1        1        1        400
>>>

你学到了什么

在这一章，你学到了以下内容。

列表是什么。��

如何向列表中增加元素。��

如何从列表删除元素。��

如何确定列表是否包含某个值。 ��

如何对列表排序。��

如何建立列表的副本。��

元组。��

双重列表。��

Python 字典。��

测试题

1. 向列表增加元素有哪些方法？

2. 从列表删除元素有哪些方法？

3. 要得到一个列表的有序副本，但又不能改变原来的列表，有哪两种方法？

4. 怎样得出某个值是否在列表中？

5. 如何确定某个值在列表中的位置？

6. 什么是元组？

7. 如何建立双重列表？

8. 如何从一个双重列表中得到一个值？

9. 什么是字典？

10. 如何向字典中增加项？

11. 怎样使用键去查找一个条目？

动手试一试

1.  写一个程序，让用户提供 5 个名字。程序要把这 5 个名字保存在一个列表中，

最后打印出来。就像这样： Enter 5 names:
Tony
Paul
Nick
Michel
Kevin
The names are Tony Paul Nick Michel Kevin

2. 修改第 1 题的程序，要求不仅显示原来的名字列表，还要显示出排序后的列表。

3. 修改第 1 题的程序，要求只显示用户键入的第 3 个名字，就像这样：
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     The third name you entered is: Nick

4.  修改第 1 题的程序，让用户替换其中一个名字。用户应该能选择要替换哪个

名字，然后键入新名字。最后显示这个新的列表：

Enter 5 names:
Tony
Paul
Nick
Michel
Kevin
The names are Tony Paul Nick Michel Kevin
Replace one name. Which one? (1-5): 4
New name: Peter
The names are Tony Paul Nick Peter Kevin

5.  编写一个字典程序，让用户可以添加单词和定义，然后可以查找这些单词。

确保当要查找的单词不存在时，用户能够知晓。运行的时候，它应该是像这

样的：

Add or look up a word (a/l)? a
Type the word: computer
Type the definition: A machine that does very fast math
Word added!
Add or look up a word (a/l)? l
Type the word: computer
A machine that does very fast math
Add or look up a word (a/l)? l
Type the word: qwerty
That word isn’t in the dictionary yet.

图灵社区会员 FreeLink 专享 尊重版权



140　　第 13 章　函　　数

第 13 章

函　　数

我们的程序很快就会变得越来越大，越来越复杂。需要一些方法把它们分成较

小的部分进行组织，这样更易于编写，也更容易明白。

要把程序分解成较小的部分，主要有 3 种方法。函数（function）就像是代码的

积木，可以反复地使用。利用对象（object），可以把程序中的各部分描述为自包含

的单元。模块（module）就是包含程序各部分的单独的文件。在这一章中，我们将

学习函数，后面两章会讨论对象和模块。学习完这些知识，我们就具备了所需要的

全部基本工具，可以开始使用图形和声音并且创建游戏了。

13.1　函数——积木

最简单地讲，函数就是可以完成某个

工作的代码块。这是可以用来构建更大

程序的一个小部分。可以把这个小部分

与其他部分放在一起，就像用积木搭房

子一样。

创建或定义函数要使用 Python 的 def关键

字。然后可以利用函数名来使用或调用这个函数。下面先来看一个简单的例子。

创建一个函数

代码清单 13-1 中的代码首先定义了一个函数，然后使用这个函数。这个函数会

在屏幕上打印一个邮件地址。
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代码清单 13-1　创建和使用函数

132 Hello World!

def printMyAddress():
 print  “Warren Sande”
 print  “123 Main Street”
 print  “Ottawa, Ontario, Canada”
 print  “K2M 2E9”
 print

 printMyAddress()

 print “Done the function”

1

32

4

def printMyAddress():
    print "Warren Sande"
    print "123 Main Street"
    print "Ottawa, Ontario, Canada"
    print "K2M 2E9"
    print 

printMyAddress() 

In line 1, we define a function, using the def keyword. We give the name of the function fol-
lowed by parentheses “()” and then a colon:

I will explain what the parentheses are for soon. The colon tells Python that a block of code 
is coming next ( just like for loops, while loops, and if statements). 

Then, we have the code that makes up the function.

In the last line of listing 13.1, we have the main program: we call the function 
by giving its name with the parentheses. This is where the program starts 

running. This one line makes the 
program run the code in the 
function that we just defined.

When the main program calls a 
function, it’s like the function is 

helping the main program get its job done.

The code inside the def block isn’t part of 
the main program, so when the pro-
gram runs, it skips over that part and 
starts with the first line that isn’t 
inside a def block. The figure on the 
right shows what happens when 
you call a function. I added one 
extra line at the end of the program that 
prints a message after the function is done.

These are the steps in the figure above:

1 Start here. This is the beginning of the main program.

2 When we call the function, we jump to the first line of code in the function.

Listing 13.1 Creating and using a function

Defines (creates) 
the function

Calls (uses) 
the function

def printMyAddress():

定义（创建）函数

调用（使用）函数

第 1 行中，我们使用 def关键字定义了一个函数。在函数名后面有一对括号

“()”，然后是一个冒号： def printMyAddress():

后面很快就会解释这个括号做什么用。冒号告诉 Python 接下来是一个代码块

（就像 for循环、while 循环和 if语句中一样）。

下面就是构成这个函数的代码。

代码清单 13-1 的最后一行是主程序：这里给出

函数名和括号来调用这个函

数。程序就从这里开始运行。

正是这一行让程序开始运行

刚才定义的函数中的代码。

主程序调用函数时，

就像是这个函数在帮助主

程序完成它的任务。

def块中的代码并不

是主程序的一部分，所以

程序运行时，它会跳过这

一部分，从 def块以外的

第一行代码开始运行。右图显示了调用函数时会发生什么。我在程序最后额外增加

了一行代码，它会在函数完成后打印一条消息。

这个图中包括以下步骤。

(1) 从这里开始。这是主程序的开始。

132 Hello World!

def printMyAddress():
 print  “Warren Sande”
 print  “123 Main Street”
 print  “Ottawa, Ontario, Canada”
 print  “K2M 2E9”
 print

 printMyAddress()

 print “Done the function”

1

32

4

def printMyAddress():
    print "Warren Sande"
    print "123 Main Street"
    print "Ottawa, Ontario, Canada"
    print "K2M 2E9"
    print 

printMyAddress() 

In line 1, we define a function, using the def keyword. We give the name of the function fol-
lowed by parentheses “()” and then a colon:

I will explain what the parentheses are for soon. The colon tells Python that a block of code 
is coming next ( just like for loops, while loops, and if statements). 

Then, we have the code that makes up the function.

In the last line of listing 13.1, we have the main program: we call the function 
by giving its name with the parentheses. This is where the program starts 

running. This one line makes the 
program run the code in the 
function that we just defined.

When the main program calls a 
function, it’s like the function is 

helping the main program get its job done.

The code inside the def block isn’t part of 
the main program, so when the pro-
gram runs, it skips over that part and 
starts with the first line that isn’t 
inside a def block. The figure on the 
right shows what happens when 
you call a function. I added one 
extra line at the end of the program that 
prints a message after the function is done.

These are the steps in the figure above:

1 Start here. This is the beginning of the main program.

2 When we call the function, we jump to the first line of code in the function.

Listing 13.1 Creating and using a function

Defines (creates) 
the function

Calls (uses) 
the function

def printMyAddress():

" "
" "
"

" "

"
" "
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(2) 调用函数时，跳到函数中的第一行代码。

(3) 执行函数中的每一行代码。

(4) 函数完成时，从离开主程序的那个位置继续执行。

13.2　调用函数

调用函数是指运行函数里的代码。如果我们定义了一个函数，但是从来不调用

它，这些代码就永远也不会运行。

调用函数时要使用函数名和一对括号。有时括号里还会有些东西，有时也可能

什么也没有。

试着运行代码清单 13-1 中的程序，看看会发生什么。你会看到这样的结果：

>>> =================== RESTART ===================
>>>
Warren Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9
>>>

从下面这个更简单的程序也可以得到同样的输出：

print "Warren Sande"
print "123 Main Street"
print "Ottawa, Ontario, Canada"
print "K2M 2E9"
print

那为什么要自找麻烦使用代码清单 13-1 中的函数让问题更复杂呢？

使用函数的主要原因是，一旦定义了函数，就可以通过调用反复地使用。所以如

果我们想把地址打印 5 次，可以这样做：
printMyAddress()
printMyAddress()
printMyAddress()
printMyAddress()
printMyAddress()

输出将是： Warren Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9

Warren Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9
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你可能会说：可以不用函数，用循环也能做同样的事情。

Warren Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9

Warren Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9

Warren Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9

S

13.3　向函数传递参数

现在来看括号做什么用：它用来传递

参数（argument）！

嗯，我可以用循
环来做同样的事
情，而不是使用

函数 !

我就知道你会这么讲……对于这种

情况，你确实可以用循环做同样的事情。

不过，如果希望在程序的不同位置打印

地址，而不是全部都一次完成，循环就

实现不了了。

使用函数还有一个原因，每次函数运行时可以让它有

不同的表现。我们将在下一节了解这是如何做到的。

就像那天我和 
你的争论吗？

不，卡特，计算机非常听话，它

们永远也不会争论①。在编程中，参

数这个词是指你交给函数的一条信

息。我们把这称为：你向函数传递参

数。

① argument 也有“争论”的意思，卡特显然是把这里的 argument 理解为“争论”了。—编者注
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假设你希望对你的所有家庭成员使用这个地址打印函数。所有人的地址都是一

样的，但是每一次人名会有所不同。不能在函数中把人名硬编码写成 Warren Sande，
你可以建立一个变量。调用函数时将这个变量传递到函数。

要说明这是如何工作的，最容易的方法就是举例子。在代码清单 13-2 中，我修

改了地址打印函数，要使用一个对应人名的参数。参数是有名字的，就像其他变量

一样。我把这个变量命名为 myName。

函数运行时，变量 myName会填入调用函数时为它传入的任何参数。调用函数

时，我们把参数放在括号里，通过这种方式将参数传入函数。

因此，在代码清单 13-2 中，参数 myName赋值为 Carter Sande。

代码清单 13-2　向函数传递参数

调用者
函数

参数

135 CHAPTER 13 Functions

Imagine that you wanted to be able to use the address-printing function for any member of 
your family. The address would be the same for everybody, but the name would be different 
each time. Instead of having the name hard-coded as “Warren Sande” in the function, you 
can make it a variable. The variable is passed to the function when you call it. 

An example is the easiest way to see how this works. In listing 13.2, I modified the address-
printing function to use one argument for the name. Arguments are named, just like other 
variables. I called this variable myName.  

When the function runs, the variable myName gets filled in with whatever argument we pass 
to the function when we call it. We pass the argument to the function by putting it inside 
the parentheses when we call the function. 

So, in listing 13.2, the argument myName is assigned the value “Carter Sande”.

def printMyAddress(myName):
    print myName                 
    print "123 Main Street"           
    print "Ottawa, Ontario", Canada
    print "K2M 2E9"                   
    print                             

printMyAddress("Carter Sande")

If we run the code in listing 13.2, we get exactly what 
you’d expect: 

Listing 13.2 Passing an argument to a function

CALLER
FUNCTION

Passes myName argument 
to the functionPrints the name

Passes “Carter Sande” as the 
argument to the function; the 
variable myName inside the 
function will have the value 
“Carter Sande”

>>> ===================== RESTART =====================
>>>
Carter Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9

>>>

将 myName 参数传入函数

将“卡特 Sande”作为参数传入
函数；函数中的变量 myName 的
值将是“卡特 Sande”

打印人名

运行代码，你会得到期望的结果：

135 CHAPTER 13 Functions

Imagine that you wanted to be able to use the address-printing function for any member of 
your family. The address would be the same for everybody, but the name would be different 
each time. Instead of having the name hard-coded as “Warren Sande” in the function, you 
can make it a variable. The variable is passed to the function when you call it. 

An example is the easiest way to see how this works. In listing 13.2, I modified the address-
printing function to use one argument for the name. Arguments are named, just like other 
variables. I called this variable myName.  

When the function runs, the variable myName gets filled in with whatever argument we pass 
to the function when we call it. We pass the argument to the function by putting it inside 
the parentheses when we call the function. 

So, in listing 13.2, the argument myName is assigned the value “Carter Sande”.

def printMyAddress(myName):
    print myName                 
    print "123 Main Street"           
    print "Ottawa, Ontario", Canada
    print "K2M 2E9"                   
    print                             

printMyAddress("Carter Sande")

If we run the code in listing 13.2, we get exactly what 
you’d expect: 

Listing 13.2 Passing an argument to a function

CALLER
FUNCTION

Passes myName argument 
to the functionPrints the name

Passes “Carter Sande” as the 
argument to the function; the 
variable myName inside the 
function will have the value 
“Carter Sande”

>>> ===================== RESTART =====================
>>>
Carter Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9

>>>
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这看上去与第一个程序（没有使用参数）得到的输出完全相同。不过，我们每

次可以用不同方式打印地址，比如： printMyAddress("Carter Sande")
printMyAddress("Warren Sande")
printMyAddress("Kyra Sande")
printMyAddress("Patricia Sande")

现在每次调用函数时输出都不同。人名会变，因为我们每次都向函数传入了不

同的人名。

>>> ============================ RESTART ============================
>>>
Carter Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9

Warren Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9

Kyra Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9

Patricia Sande
123 Main Street
Ottawa, Ontario, Canada
K2M 2E9

注意，我们向函数传入什么值，函数中就会使用什么值，并作为地址的人名部

分打印出来。

如果我想向我们街
道上的所有人发

信，该怎么做呢？

每一次街道门牌号
都不相同。

如果每次函数运行时有多个信息不同，就需要多个

参数。下面就来讨论这个问题。
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13.4　有多个参数的函数

在代码清单 13-2 中，我们的函数只有一个参数。不过函数完全可以有多个参数。

实际上，你想要有多少个参数就可以有多少个参数。下面来看一个带两个参数的例

子，我想，通过这个例子，你会对多个参数有所认识。在这个基础上，你可以根据

具体需要为程序中的函数增加参数。

调用者
函数

参数 参数

参数

术语箱
谈到向函数传递信息时，你可能还会听到这样一个词：形参（parameter）。有些人

说参数（argument）和形参（parameter）可以互换。所以你可以说，

“我向这个函数传递两个形参（parameter）”，或者

“我向这个函数传递两个参数（argument）”。

不过有些人认为，谈到传递部分（调用函数）时应当称作实参（argument），而谈到

接收部分（函数内部）时应该称为形参（parameter）。

使用参数（不论是 argument 还是 parameter）讨论向函数传递值时，程序员都明

白你是什么意思。

给你一个
实参！

谢谢你的
形参！

参数

调用者

函数
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要向街道上的每一个人发送卡特的信，我们的地址打印函数需要两个参数：一

个对应人名，另一个对应门牌号码。代码清单 13-3 显示了这个函数。

代码清单 13-3　带两个参数的函数

138 Hello World!

To send Carter’s letters to everyone on the street, our address-printing function will need 
two arguments: one for the name, and one for the house number. Listing 13.3 shows what 
this would look like.

def printMyAddress(someName, houseNum):
    print someName 
    print houseNum,
    print "Main Street"           
    print "Ottawa, Ontario, Canada"          
    print "K2M 2E9"                   
    print                             

printMyAddress("Carter Sande", "45")
printMyAddress("Jack Black", "64")
printMyAddress("Tom Green", "22")
printMyAddress("Todd White", "36")

When we use multiple arguments (or parameters), we separate them with a comma, just like 
items in a list, which brings us to our next topic. . . .

How many is too many?

I said before that you can pass as many arguments as you want to a function. That is true, 
but if your function has more than five or six arguments, it might be time to think of doing 
things another way. One thing you can do is collect all the arguments in a list and then pass 
the list to the function. That way, you’re passing a single variable (the list variable), which 
just happens to contain a bunch of values. It might make your code easier to read. 

Listing 13.3 Function with two arguments

Uses two variables, 
for two arguments

Comma makes house 
number and street 
print on the same line

Both variables get 
printed

Calls the function 
passing it two 
parameters

CALLER

FUNCTION

ARGU
MEN

TS

两个变量都要打印
使用两个变量，对应
两个参数

逗号使门牌号和街道显示
在同一行上

调用函数并传入两个参数

使用多个参数时，要用逗号来分隔，就像列表中的元素一样，这就引入了下一

个话题……

多少才算太多

前面说过，想向函数传递多少参数就可以有多少个参数。这一点不假，但是如

果你的函数有超过 5 到 6 个参数，可能就应该考虑采用别的做法了。一种做法是把

所有参数收集到一个列表中，然后把这个列表传递到函数。这样一来，就只是传递

一个变量（列表变量），只不过其中包含有一组值。这样可以让你的代码更易读。

参数

调用者

函数
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13.5　返回值的函数

目前为止，函数只是为我们做一些工作。不过函数的一个突出作用是：它们还

可以向你发回一些东西。

我们已经知道，可以向函数发送信息（参数），不过函数还可以向调用者发回信

息。从函数返回的值称为结果（result）或返回值（return value）。

返回一个值

要让函数返回一个值，需要在函数中使用 Python 关键字 return。下面给出一个

例子： def calculateTax(price, tax_rate):
    taxTotal = price + (price * tax_rate)
    return taxTotal

这会把值 taxTotal发回到调用这个函数的程序部分。

不过发回这个值时，它会去哪里呢？返回值会回到调用这个函数的代码。看下

面的例子：

totalPrice = calculateTax(7.99, 0.06)

calculateTax函数会返回一个值：8.4694，这个值将赋给 totalPrice。

使用表达式的任何地方都可以使用函数来返回值。可以把返回值赋给一个变量

（就像前面一样），也可以在另一个表达式中使用，或者打印出来，例如：

>>>print calculateTax(7.99, 0.06)
8.4694
>>>total = calculateTax(7.99, 0.06) + calculateTax(6.59, 0.08)

调用者
调用者

参数

函数

函数
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对返回值也可以不做任何处理，就像这样： >>>calculateTax(7.49, 0.07)

在上面这个例子中，函数会运行，计算出税后总价格，不过我们没有使用这个

结果。

下面用一个有返回值的函数建立程序。在代码清单 13-4 中，calculateTax()

函数返回了一个值。向这个函数提供税前价格和税率，它会返回税后价格。我们把

这个值赋给一个变量。所以不像前面那样只是使用函数的名，这里还需要一个变量

和一个等号（=），然后是函数名。变量会赋为 calculateTax()函数返回的结果。

140 Hello World!

You can also do nothing with the returned value, like this:

In the last example, the function ran and calculated the total with tax, but we didn’t use the 
result.

Let’s make a program with a function that returns a value. In listing 13.4, the 
calculateTax() function returns a value. You give it the price before tax and the tax rate, 
and it returns the price after tax. We’ll assign this value to a variable. So instead of just using 
the function’s name like we did before, we need a variable, an equal sign (=), and then the 
function's name. The variable will be assigned the result that the calculateTax() function 
gives back. 

def calculateTax(price, tax_rate):
    total = price + (price * tax_rate)
    return total

my_price = float(raw_input ("Enter a price: "))

totalPrice = calculateTax(my_price, 0.06)
print "price = ", my_price, " Total price = ", totalPrice 

Try typing in, saving, and running the program in listing 13.4. Notice that the tax rate is 
fixed as 0.06 (which equals 6 percent tax) in the code. If the program had to handle differ-
ent tax rates, you could have the user enter the tax rate as well as the price.

Variable scope 
You might have noticed that we have variables 
outside the function, like totalPrice, as well as 
variables inside the function, like total. These 
are just two names for the same thing. It’s just 
like back in chapter 2, when we had YourTeacher 
= MyTeacher.

In our calculateTax example, totalPrice and total are two tags attached to the same 
thing. With functions, the names inside the function are only created when the function 
runs. They don’t even exist before the function runs or after it has finished running. Python 
has something called memory management that does this automatically. Python creates new 
names to use inside the function when it runs, and then deletes them when the function is fin-
ished. That last part is important: when the function is done running, any names inside it 
cease to exist.  

Listing 13.4 Creating and using a function that returns a value

calculateTax(7.49, 0.07)

Function 
calculates tax 
and returns total

Sends result back 
to the main 
program

Calls function and stores 
the result in totalPrice

MyTeacher

You
rTea

cher

函数计算税额，
并返回总价格将结果发回给主程序

调用函数并把结果
保存在 totalPrice

代码清单 13-4　创建和使用有返回值的函数

MyTeacher

YourTeacher

试着键入代码清单 13-4 中的程序，保存并运行这个程序。注意这个代码中的税

率固定为 0.06（等于 6 个百分点）。如果程序必须处理不同的税率，可以让用户输入

价格的同时还要输入税率。

13.6　变量作用域

你可能已经注意到，有些变量在函数

之外，如 totalPrice，还有一些变量在函

数内部，如 total。这些变量只是同一个东

西的两个不同名字。这就像第 2 章中所说的

YourTeacher = MyTeacher。

在我们的 calculateTax 例子中，totalPrice 和 total 是贴在同一个东西

上的两个标签。对于函数而言，函数内的名字只是在函数运行时才会创建。在函

数运行之前或者完成运行之后甚至根本不存在。Python 提供了内存管理（memory 
management），可以自动完成这个工作。Python 在函数运行时会创建新的名字在函数

内使用，当函数完成时会把它们删除。最后这部分很重要：函数运行结束时，其中的

所有名字都不再存在。
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函数运行时，函数之外的名字被搁置一边，而没有用到。只有函数内部的名字会

被用到。程序中使用（或者可以使用）变量的部分称为这个变量的作用域（scope）。

局部变量

在代码清单 13-4 中，变量 price和 total只在函数内使用。我们说 price、

total和 tax_rate的作用域是 calculateTax()函数。这也称为这些变量是局部的

（local）。price、total和 tax_rate 变量是 calculateTax()函数中的局部变量。

要了解这是什么意思，一种方法是向代码清单 13-4 中的程序增加一行代码，尝

试在函数之外的某个位置打印 price的值。代码清单 13-5 做了这个尝试。

代码清单 13-5　尝试打印一个局部变量

141 CHAPTER 13 Functions

While the function is running, the names outside the function are sort of on hold—they’re 
not being used. Only the names inside the function are being used. The part of a program 
where a variable is used (or available to be used) is called its scope.

Local variables

In listing 13.4, the variables price and total were only used within the function. We say 
that price, total, and tax_rate are in the scope of the calculateTax() function. Another 
term that is used is local. The price, total, and tax_rate variables are local variables in the 
calculateTax() function. 

One way to see what this means is to add a line to the program in listing 13.4 that tries to 
print the value of price somewhere outside the function. Listing 13.5 does this.

def calculateTax(price, tax_rate):
    total = price + (price * tax_rate)
    return total

my_price = float(raw_input ("Enter a price: "))

totalPrice = calculateTax(my_price, 0.06)
print "price = ", my_price, " Total price = ", totalPrice
print price

If you run this, you’ll get an error that looks like this:

The last line of the error message tells the story: when we’re not inside the calculateTax() 
function, the variable price is not defined. It only exists while the function is running. When 
we tried to print the value of price from outside the function (when the function was not 
running), we got an error.

Global variables

In contrast to the local variable price, the variables my_price and totalPrice in listing 13.5 
are defined outside the function, in the main part of the program. We use the term global for 
a variable that has a wider scope. In this case, wider means the main part of the program, 
not what’s inside the function. If we expanded the program in listing 13.5, we could use the 
variables my_price and totalPrice in another place in the program, and they would still 

Listing 13.5 Trying to print a local variable

Traceback (most recent call last):
  File "C:/.../Listing_13-5.py", line 11, in <module>
    print price
NameError: name 'price' is not defined

Defines a function to 
calculate tax and 
return the total

Calls the function and 
stores and prints the result

Tries to print price

This line explains 
the error

如果运行这个程序，会得到这样一个错误：

定义一个函数计算税额
并返回总价格

调用函数，保存并打印结果

尝试打印 price

错误消息的最后一行解释了这个问题的原委：在 calculateTax()函数以外，

变量 price根本没有定义。它只是在函数运行时才存在。试图在这个函数之外打印

price的值时（此时函数并没有运行），就会得到一个错误。

全局变量

与局部变量 price对应，代码清单 13-5 中的变量 my_price和 totalPrice在

函数之外定义（程序主部分中）。我们使用全局变量（global）表示有更大作用域的

变量。在这种情况下，更大是指程序的主部分，而不是函数内部。如果扩展代码清

单 13-5 中的程序，完全可以在另一个位置使用变量 my_price和 totalPrice，它们

仍然有之前给定的值。它们仍在合法的作用域中（in scope）。因为我们可以在程序的

任何地方使用这些变量，所以把它们称作全局变量（global variable）。

141 CHAPTER 13 Functions

While the function is running, the names outside the function are sort of on hold—they’re 
not being used. Only the names inside the function are being used. The part of a program 
where a variable is used (or available to be used) is called its scope.

Local variables

In listing 13.4, the variables price and total were only used within the function. We say 
that price, total, and tax_rate are in the scope of the calculateTax() function. Another 
term that is used is local. The price, total, and tax_rate variables are local variables in the 
calculateTax() function. 

One way to see what this means is to add a line to the program in listing 13.4 that tries to 
print the value of price somewhere outside the function. Listing 13.5 does this.

def calculateTax(price, tax_rate):
    total = price + (price * tax_rate)
    return total

my_price = float(raw_input ("Enter a price: "))

totalPrice = calculateTax(my_price, 0.06)
print "price = ", my_price, " Total price = ", totalPrice
print price

If you run this, you’ll get an error that looks like this:

The last line of the error message tells the story: when we’re not inside the calculateTax() 
function, the variable price is not defined. It only exists while the function is running. When 
we tried to print the value of price from outside the function (when the function was not 
running), we got an error.

Global variables

In contrast to the local variable price, the variables my_price and totalPrice in listing 13.5 
are defined outside the function, in the main part of the program. We use the term global for 
a variable that has a wider scope. In this case, wider means the main part of the program, 
not what’s inside the function. If we expanded the program in listing 13.5, we could use the 
variables my_price and totalPrice in another place in the program, and they would still 

Listing 13.5 Trying to print a local variable

Traceback (most recent call last):
  File "C:/.../Listing_13-5.py", line 11, in <module>
    print price
NameError: name 'price' is not defined

Defines a function to 
calculate tax and 
return the total

Calls the function and 
stores and prints the result

Tries to print price

This line explains 
the error这一行解释了错误

9
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如果运行这个程序，会得到这样一个错误：

在代码清单 13-5 中，试图在函数之外打印一个函数内的变量时，会得到一条错

误消息。这个变量不存在，也就是说它在作用域之外（out of scope）。如果反过来：

从函数内打印一个全局变量，你认为会发生什么？

代码清单 13-6 试图从 calculateTax()函数中打印变量 my_price。试试看会发

生什么。

代码清单 13-6　在函数中使用全局变量

142 Hello World!

have the values we gave them earlier. They would still be in scope. Because we can use them 
anywhere in the program, we say they’re global variables.

In listing 13.5, when we were outside the function and tried to print a variable that was 
inside the function, we got an error. The variable didn’t exist; it was out of scope. What do 
you think will happen if we do the opposite: try to print a global variable from inside the 
function? 

Listing 13.6 tries to print the variable my_price from inside the calculateTax() function. 
Try it and see what happens.

def calculateTax(price, tax_rate):
    total = price + (price * tax_rate)
    print my_price
    return total 

my_price = float(raw_input ("Enter a price: "))

totalPrice = calculateTax(my_price, 0.06) 
print "price = ", my_price, " Total price = ", totalPrice

Did it work? Yes! But why?

When we started talking about variable scope, I told you that Python uses memory man-
agement to automatically create local variables when a function runs. The memory man-
ager does some other things, too. In a function, if you use a variable name that has been 
defined in the main program, Python will let you use the global variable as long as you 
don’t try to change it.

So you can do this:

or this:

because neither of these changes my_price.

If any part of the function tries to change the variable, Python creates a new local variable 
instead. So if you do this,

then my_price is a new local variable that Python creates when the function runs. 

In the example in listing 13.6, the value that was printed was the global variable my_price, 
because the function didn’t change it. The program in listing 13.7 shows you that, if you do 

Listing 13.6 Using a global variable inside a function

Tries to print 
my_price

print my_price  

your_price = my_price

my_price = my_price + 10

尝试打印 my_price

可以吗？真的可以！不过为什么呢？

开始讨论变量作用域时，我曾经说过，Python 利用内存管理在函数运行时自动

创建局部变量。内存管理还会做其他事情。如果在函数中使用主程序中定义的变量

名，Python 允许你使用这个全局变量，只要你不要试图改变它。

所以你可以这样做： print my_price

或者这样做： your_price = my_price

因为它们都不会改变 my_price。

如果函数的任何部分试图改变这个变量，Python 会创建一个新的局部变量。所

以如果你打算这样做： my_price = my_price + 10

那么 my_price将是 Python 在函数运行时创建的一个新的局部变量。

在代码清单 13-6 的例子中，打印出的值是全局变量 my_price，因为函数没有

改变这个变量。代码清单 13-7 中的程序表明，如果确实试图在函数内部改变全局变

量，你会得到一个新的局部变量。试着运行这个程序，看看会有什么结果。
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代码清单 13-7　尝试在函数内部修改一个全局变量

def calculateTax(price, tax_rate):

    total = price + (price * tax_rate)  

   

    my_price = 10000       

    print "my_price (inside function) = ", my_price  

    return total                                            

 

my_price = float(raw_input ("Enter a price: "))

totalPrice = calculateTax(my_price, 0.06)                   

print "price = ", my_price, " Total price = ", totalPrice              

print "my_price (outside function) = ", my_price

143 CHAPTER 13 Functions

try to change the global variable inside the function, you get a new, local variable instead. 
Try running it and see.

def calculateTax(price, tax_rate):
    total = price + (price * tax_rate)  
    my_price = 10000      
    print "my_price (inside function) = ", my_price
    return total                                            

my_price = float(raw_input ("Enter a price: "))

totalPrice = calculateTax(my_price, 0.06)                   
print "price = ", my_price, " Total price = ", totalPrice
print "my_price (outside function) = ", my_price

If you run the code in listing 13.7, the output will look like this:

As you can see, there are now two different variables called my_price, with different values. 
One is the local variable inside the calculateTax() function that we set to 10,000. The 
other is the global variable we defined in the main program to capture the user’s input, 
which was 7.99.

Forcing a global
In the last section, we saw that, if you try to change the value of a global variable from inside 
a function, Python creates a new local variable instead. This is meant to prevent functions 
from accidentally changing global variables.

However, there are times when you want to change a global variable from inside a function. 
So how do you do it?

Python has a keyword, global, that lets you do that. You use it like this:

Listing 13.7 Trying to modify a global variable inside a function 

>>> ========================== RESTART ==========================
>>>
Enter a price: 7.99
my_price (inside function) =  10000
price =  7.99  Total price =  8.4694
my_price (outside function) =  7.99
>>>

def calculateTax(price, tax_rate):
    global my_price 

Modifies 
my_price inside 
the function

Prints the 
local version of 
my_price The variable 

my_price 
here is a 
different 
chunk of 
memory 
than the 
my_price 
here

Prints the 
global version 
of my_price

Prints my_price from 
inside the function

Prints my_price from 
outside the function

Tells Python you want to use 
the global version of my_price
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try to change the global variable inside the function, you get a new, local variable instead. 
Try running it and see.

def calculateTax(price, tax_rate):
    total = price + (price * tax_rate)  
    my_price = 10000      
    print "my_price (inside function) = ", my_price
    return total                                            

my_price = float(raw_input ("Enter a price: "))

totalPrice = calculateTax(my_price, 0.06)                   
print "price = ", my_price, " Total price = ", totalPrice
print "my_price (outside function) = ", my_price

If you run the code in listing 13.7, the output will look like this:

As you can see, there are now two different variables called my_price, with different values. 
One is the local variable inside the calculateTax() function that we set to 10,000. The 
other is the global variable we defined in the main program to capture the user’s input, 
which was 7.99.

Forcing a global
In the last section, we saw that, if you try to change the value of a global variable from inside 
a function, Python creates a new local variable instead. This is meant to prevent functions 
from accidentally changing global variables.

However, there are times when you want to change a global variable from inside a function. 
So how do you do it?

Python has a keyword, global, that lets you do that. You use it like this:

Listing 13.7 Trying to modify a global variable inside a function 

>>> ========================== RESTART ==========================
>>>
Enter a price: 7.99
my_price (inside function) =  10000
price =  7.99  Total price =  8.4694
my_price (outside function) =  7.99
>>>

def calculateTax(price, tax_rate):
    global my_price 

Modifies 
my_price inside 
the function

Prints the 
local version of 
my_price The variable 

my_price 
here is a 
different 
chunk of 
memory 
than the 
my_price 
here

Prints the 
global version 
of my_price

Prints my_price from 
inside the function

Prints my_price from 
outside the function

Tells Python you want to use 
the global version of my_price

在函数内部修改
my_price

从函数内打印 my_price

告诉 Python 你想使用
全局版本的 my_price

从函数外打印 my_price

打印局部版本
的 my_price

打印全局版本
的 my_price

可以看到，现在有两个名为 my_price的不同变量，分别有不同的值。一个是

calculateTax()函数中的局部变量，我们将它设置为 10 000。另一个是主程序中定

义的全局变量，用来获取用户的输入，它的值是 7.99。

13.7　强制为全局

上一节中，我们看到，如果试图从函数内改变一个全局变量的值，Python 会创

建一个新的局部变量。这是为了防止函数无意地改变全局变量。

不过，有些情况下确实要在函数中改变一个全局变量。这该怎么做呢？

可以用 Python 的一个关键字 global来做到。可以这样来使用：

如果运行代码清单 13-7 中的代码，会有下面的输出：

如果使用 global关键字，Python 不会建立名为 my_price的局部变量，而是

会使用名为 my_price的全局变量。另外，如果还没有名为 my_price的全局变量，

Python 就会创建一个。

这 里 的 变 量 my_
price 与 这 里 的
my_price 是 完 全
不同的内存块
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13.8　关于变量命名的一点建议

在前面的几节中已经看到，可以对全局变量和局部变量使用相同的变量名。

Python 会在需要时自动创建新的局部变量，或者也可以用 global关键字阻止它创

建。不过，我强烈建议你不要重复使用变量名。

你可能已经从一些例子中注意到，往往很难知道一个变量是局部的还是全局的，

这让代码更加混乱，

因为存在同名的不同

变量。而且，只要有

混乱，错误就会乘虚

而入。

所以对目前的状

况来说，建议你对局

部变量和全局变量使

用不同的名字。这样

就不会有混乱，也能

把错误拒之门外。

class Ball:
 def __init__(self, color, size, direction):
  self.color = color  
  self.size = size 
  self.direction = direction

 def bounce(self):
  if self.direction == "down":
   self.direction = "up"
 
myBall = Ball("red", "small", "down")
print "I just created a ball."
print "My ball is", myBall.size
print "My ball is", myBall.color
print "My ball's direction is ", myBall.direction
print "Now I'm going to bounce the ball"
print
myBall.bounce()

110 Hello World!

Just imagine how tedious it would be to work out the calories for all these combinations by 
hand, even if you had a calculator to do the math. It’s way more fun to write a program to 
figure it all out for you. Looping and a bit of math in Python make it a snap!

What did you learn?

In this chapter, you learned about

� nested loops.
� variable loops.
� permutations and combinations.
� decision trees.

Test your knowledge
1 How do you make a variable loop in Python?

2 How do you make a nested loop in Python?

# 4       0        0        0        1        1        60
# 5       0        0        1        0        0        80
# 6       0        0        1        0        1        120
# 7       0        0        1        1        0        100
# 8       0        0        1        1        1        140
# 9       0        1        0        0        0        120
# 10      0        1        0        0        1        160
# 11      0        1        0        1        0        140
# 12      0        1        0        1        1        180
# 13      0        1        1        0        0        200
# 14      0        1        1        0        1        240
# 15      0        1        1        1        0        220
# 16      0        1        1        1        1        260
# 17      1        0        0        0        0        140
# 18      1        0        0        0        1        180
# 19      1        0        0        1        0        160
# 20      1        0        0        1        1        200
# 21      1        0        1        0        0        220
# 22      1        0        1        0        1        260
# 23      1        0        1        1        0        240
# 24      1        0        1        1        1        280
# 25      1        1        0        0        0        260
# 26      1        1        0        0        1        300
# 27      1        1        0        1        0        280
# 28      1        1        0        1        1        320
# 29      1        1        1        0        0        340
# 30      1        1        1        0        1        380
# 31      1        1        1        1        0        360
# 32      1        1        1        1        1        400
>>>

你学到了什么

在这一章，你学到了以下内容。

什么是函数。��

什么是参数（argument 或 parameter）。��

如何向函数传递一个参数。��

如何向函数传递多个参数。��

如何让函数向调用者返回一个值。��

变量作用域是什么，什么是局部变量和全局变量。��

如何在函数中使用全局变量。��
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测试题

1. 使用哪个关键字来创建函数？

2. 如何调用函数？

3. 如何向函数传递信息（参数）？

4. 函数最多可以有多少个参数？

5. 如何从函数返回信息？

6. 函数运行结束后，函数中的局部变量会发生什么？

动手试一试

1. 编写一个函数，用大写字母打印你的名字，就像这样：

145 CHAPTER 13 Functions

Test your knowledge
1 What keyword do you use to create a function?

2 How do you call a function?

3 How do you pass information (arguments) to a function?

4 What’s the maximum number of arguments a function can have?

5 How do you get information back from a function?

6 What happens to local variables in a function after the function is finished running?

Try it out
1 Write a function to print your name in big letters, like this:

Write a program that calls the function a number of times.

2 Make a function that will allow you to print any name, address, street, city, state or 
province, zip or postal code, and country in the world. (Hint: It needs seven argu-
ments. You can pass them as individual arguments or as a list.)

3 Try using the example from listing 13.7, but making my_price global so you can see 
the difference in the resulting output.

4 Write a function to calculate the total value of some change—quarters, dimes, nickels, 
and pennies ( just like in the last “Try it out” question from chapter 5). The function 
should return the total value of the coins. Then write a program that calls the function. 
The output should look like this when it runs:

  CCCC       A       RRRRR  TTTTTTT  EEEEEE  RRRRR
 C    C     A A      R    R    T     E       R    R
C          A   A     R    R    T     EEEE    R    R
C         AAAAAAA    RRRRR     T     E       RRRRR
 C    C  A       A   R    R    T     E       R    R
  CCCC  A         A  R     R   T     EEEEEE  R     R

quarters: 3
dimes: 6
nickels: 7
pennies: 2
total is $1.72

　编写一个程序多次调用这个函数。

2.  建立一个函数，可以打印全世界任何人名、地址、街道、城市、州或省、邮

政编码和国家。（提示：这需要 7 个参数。可以把它们作为单独的参数传入，

也可以作为一个列表。）

3.  尝试使用代码清单 13-7 的例子，不过要求 my_price是全局变量，以便看到

结果输出有什么区别。

4.  编写一个函数计算零钱的总面值，包括五分币、二分币和一分币（类似于

第 5 章中最后一个“动手试一试”问题）。函数应当返回这些硬币的总面

值。然后编写一个程序调用这个函数。程序运行时应当得到类似下面的输出：

quarters: 3
dimes: 6
nickels: 7
pennies: 2
total is $1.72
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第 14 章

对　　象

在前几章中，我们已经了解了可以使用不同方式组织数据和程序，以及把东西收

集在一起。我们看到了列表可以收集变量

（数据），函数可以把一些代码收集到能够

反复使用的单元中。

对象（object）则让这种收集的思想

更向前迈进一步。对象可以把函数和数

据收集在一起。这个主意在编程中非常

有用，而且在很多很多的程序中都已经

用到。实际上，如果仔细分析 Python，
几乎一切都是对象。按编程的术语来

讲，我们说 Python 是面向对象的（object 
oriented）。这说明，Python 中可以使用对

象（实际上这也相当容易）。并不是一定

得创建自己的对象，不过这样可以让很

多事情更容易一些。

在这一章中，我们将学习什么是对象，以及如何创建和使用对象。后面几章开

始处理图形时，我们将会大量使用对象。

14.1　真实世界中的对象

什么是对象？如果我们不是在讨论编程，当我问到这个问题时，可能会有下面

的对话：
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在 Python 中定义什么是对象也可以作为一个很好的起点。拿球来举个例子。可

以操作一个球，比如捡球、抛球、踢球或者充气（对于某些球来说）。我们把这些操

作称为动作（action）。还可以通过指出球的颜色、大小和重量来描述一个球。这些

就是球的属性（attribute）。

“我”与“你”的对话

术语箱

可以通过描述特征或属性来描述一个对象。球的属性之一是它的形状。大多

数球都是圆形。还有一些其他的属性，比如颜色、大小、重量和价格。属性的另一

个说法是特性（property）。

真实世界的真实对象（物体）包括两个方面。

可以对它们做什么（动作）。��

如何描述（属性或特性）。��

编程中也是如此。

14.2　Python 中的对象

在 Python 中，一个对象的特征（或“你知道的事情”）也称为属性（attribute），
这应该很好记。动作（或“能够对对象做的操作”）称为方法（method）。

如果要建立一个球的 Python 版本或者模型（model），球就是一个对象，它要有

属性和方法。

我 我 我

它有多大……

诸如此类。

它能做什么……

还有，它是 
什么颜色……

什么是 
对象？

对象就是 
一个东西。 关于对象或者东

西你还能告诉我
点别的吗？

你可以操作 
对象，比如说 
把它捡起来。

怎么描述
一个对象

呢？

我会告诉你它看
起来像什么……

你你你
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球的属性可能包括：

148 Hello World!

The ball’s attributes would look like this:

Those are all things you can describe about the ball.

The ball’s methods would look like this:

Those are all things you can do to the ball.

What are attributes?

Attributes are all things you know (or can find out) about the ball. The ball’s attributes are 
chunks of information—numbers, strings, and so on. Sound familiar? Yes, they’re variables. 
They’re just variables that are included inside the object.

You can display them:

You can assign values to them:

You can assign them to regular, non-object variables:

You can also assign them 
to attributes in other objects: 

What are methods?

Methods are things you can do with an object. They’re chunks of code that you can call to 
do something. Sound familiar? Yes, methods are just functions that are included inside the 
object. 

You can do all the things with methods that you can do with any other function, including 
passing arguments and returning values. 

Object = attributes + methods
So objects are a way of collecting together attributes and methods (things you know, and 
things you can do) for a thing. Attributes are information, and methods are actions.

ball.color
ball.size
ball.weight

ball.kick()
ball.throw()
ball.inflate()

print ball.size

ball.color = 'green'

myColor = ball.color

myBall.color = yourBall.color

这些都是关于球的描述。

球的方法可能包括：

148 Hello World!

The ball’s attributes would look like this:

Those are all things you can describe about the ball.

The ball’s methods would look like this:

Those are all things you can do to the ball.

What are attributes?

Attributes are all things you know (or can find out) about the ball. The ball’s attributes are 
chunks of information—numbers, strings, and so on. Sound familiar? Yes, they’re variables. 
They’re just variables that are included inside the object.

You can display them:

You can assign values to them:

You can assign them to regular, non-object variables:

You can also assign them 
to attributes in other objects: 

What are methods?

Methods are things you can do with an object. They’re chunks of code that you can call to 
do something. Sound familiar? Yes, methods are just functions that are included inside the 
object. 

You can do all the things with methods that you can do with any other function, including 
passing arguments and returning values. 

Object = attributes + methods
So objects are a way of collecting together attributes and methods (things you know, and 
things you can do) for a thing. Attributes are information, and methods are actions.

ball.color
ball.size
ball.weight

ball.kick()
ball.throw()
ball.inflate()

print ball.size

ball.color = 'green'

myColor = ball.color

myBall.color = yourBall.color

148 Hello World!

The ball’s attributes would look like this:

Those are all things you can describe about the ball.

The ball’s methods would look like this:

Those are all things you can do to the ball.

What are attributes?

Attributes are all things you know (or can find out) about the ball. The ball’s attributes are 
chunks of information—numbers, strings, and so on. Sound familiar? Yes, they’re variables. 
They’re just variables that are included inside the object.

You can display them:

You can assign values to them:

You can assign them to regular, non-object variables:

You can also assign them 
to attributes in other objects: 

What are methods?

Methods are things you can do with an object. They’re chunks of code that you can call to 
do something. Sound familiar? Yes, methods are just functions that are included inside the 
object. 

You can do all the things with methods that you can do with any other function, including 
passing arguments and returning values. 

Object = attributes + methods
So objects are a way of collecting together attributes and methods (things you know, and 
things you can do) for a thing. Attributes are information, and methods are actions.

ball.color
ball.size
ball.weight

ball.kick()
ball.throw()
ball.inflate()

print ball.size

ball.color = 'green'

myColor = ball.color

myBall.color = yourBall.color

148 Hello World!

The ball’s attributes would look like this:

Those are all things you can describe about the ball.

The ball’s methods would look like this:

Those are all things you can do to the ball.

What are attributes?

Attributes are all things you know (or can find out) about the ball. The ball’s attributes are 
chunks of information—numbers, strings, and so on. Sound familiar? Yes, they’re variables. 
They’re just variables that are included inside the object.

You can display them:

You can assign values to them:

You can assign them to regular, non-object variables:

You can also assign them 
to attributes in other objects: 

What are methods?

Methods are things you can do with an object. They’re chunks of code that you can call to 
do something. Sound familiar? Yes, methods are just functions that are included inside the 
object. 

You can do all the things with methods that you can do with any other function, including 
passing arguments and returning values. 

Object = attributes + methods
So objects are a way of collecting together attributes and methods (things you know, and 
things you can do) for a thing. Attributes are information, and methods are actions.

ball.color
ball.size
ball.weight

ball.kick()
ball.throw()
ball.inflate()

print ball.size

ball.color = 'green'

myColor = ball.color

myBall.color = yourBall.color

这些都是可以对球做的操作。

什么是属性

属性就是你所知道（或者可以得出）的关于球的所有方面。球的属性就是一些

信息（数字、字符串等等）。听起来很熟悉？没错，它们就是变量，只不过是包含在

对象中的变量。

可以显示：

可以为它们赋值：

可以把它们赋给常规的、不是对象的变量：

还可以把它们赋给其他对象的属性：

什么是方法

方法就是可以对对象做的操作，它们是一些代码块，可以调用这些代码块来完

成某个工作。听起来很熟悉？没错，方法就是包含在对象中的函数。

函数能做到的，方法都可以做到，包括传递参数和返回值。

14.3　对象 = 属性 + 方法

所以利用对象，可以把一个东西的属性和方法（你知道的事情和你可以做的事

情）收集在一起。属性是信息，方法是动作。

14.4　这个点是什么

在前面的球例子中，你可能已经注意到对象名与属性或方法名之间的点。这是

Python 使用对象属性和方法的一种记法：object.attribute或 object.method()。

就这么简单。这称为点记法，很多编程语言中都使用了这种记法。　

148 Hello World!

The ball’s attributes would look like this:

Those are all things you can describe about the ball.

The ball’s methods would look like this:

Those are all things you can do to the ball.

What are attributes?

Attributes are all things you know (or can find out) about the ball. The ball’s attributes are 
chunks of information—numbers, strings, and so on. Sound familiar? Yes, they’re variables. 
They’re just variables that are included inside the object.

You can display them:

You can assign values to them:

You can assign them to regular, non-object variables:

You can also assign them 
to attributes in other objects: 

What are methods?

Methods are things you can do with an object. They’re chunks of code that you can call to 
do something. Sound familiar? Yes, methods are just functions that are included inside the 
object. 

You can do all the things with methods that you can do with any other function, including 
passing arguments and returning values. 

Object = attributes + methods
So objects are a way of collecting together attributes and methods (things you know, and 
things you can do) for a thing. Attributes are information, and methods are actions.

ball.color
ball.size
ball.weight

ball.kick()
ball.throw()
ball.inflate()

print ball.size

ball.color = 'green'

myColor = ball.color

myBall.color = yourBall.color

148 Hello World!

The ball’s attributes would look like this:

Those are all things you can describe about the ball.

The ball’s methods would look like this:

Those are all things you can do to the ball.

What are attributes?

Attributes are all things you know (or can find out) about the ball. The ball’s attributes are 
chunks of information—numbers, strings, and so on. Sound familiar? Yes, they’re variables. 
They’re just variables that are included inside the object.

You can display them:

You can assign values to them:

You can assign them to regular, non-object variables:

You can also assign them 
to attributes in other objects: 

What are methods?

Methods are things you can do with an object. They’re chunks of code that you can call to 
do something. Sound familiar? Yes, methods are just functions that are included inside the 
object. 

You can do all the things with methods that you can do with any other function, including 
passing arguments and returning values. 

Object = attributes + methods
So objects are a way of collecting together attributes and methods (things you know, and 
things you can do) for a thing. Attributes are information, and methods are actions.

ball.color
ball.size
ball.weight

ball.kick()
ball.throw()
ball.inflate()

print ball.size

ball.color = 'green'

myColor = ball.color

myBall.color = yourBall.color
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嗯…我怎么描述这个房子
呢？高档、中档还是低档？

现在对于对象已经有了整体认识。下面来建立一些对象！

14.5　创建对象

Python 中创建对象包括两步。

第一步是定义对象看上去什么

样，会做什么，也就是它的属性和

方法。但是创建这个描述并不会真正

创建一个对象。这有点像一个房子的

蓝图。蓝图可以告诉你房子看上去怎么

样，但是蓝图本身并不是一个房子。你不

可能住在一个蓝图里。只能用它来建造真正

的房子。实际上，可以使用蓝图盖很多的

房子。

在 Python 中，对象的描述或蓝图称

为一个类（class）。

第二步是使用类来建立一个真正的

对象。这个对象称为这个类的一个实例（instance）。

下面来看一个建立类和实例的例子。代码清单 14-1 显示了一个简单的 Ball类的

类定义。

代码清单 14-1　创建一个简单的 Ball类

149 CHAPTER 14 Objects

Hm... How would I describe 

this house? Upper class, 

middle class, or lower class?

What’s the dot?
In our previous ball examples, you probably noticed the dot between the name of the 
object and the name of the attribute or method. That’s just the Python notation for using 
the attributes and methods of an object: object.attribute or object.method(). Simple as 
that. It’s called dot notation, and it’s used in many programming languages.

Now we have the big picture about objects. Let’s start making some!

Creating objects
There are two steps to creating an object in Python. 

The first step is to define what the object will look like and act like—its attributes and 
methods. But creating this description doesn’t actually create an object. It’s kind of like the 

blueprints for a house. The blueprints 
tell you exactly what the house will look 
like, but a blueprint isn’t a house. You 
can’t live in a blueprint. You can just use 
it to build an actual house. In fact, you 

can use the blueprint to make many 
houses. 

In Python the description or blueprint of an 
object is called a class.

The second step is to use the class to make an 
actual object. The object is called an instance 
of that class. 

Let’s look at an example of making a class 
and an instance. Listing 14.1 shows a class 
definition for a simple Ball class.

class Ball:

    def bounce(self):
        if self.direction == "down":
            self.direction = "up"

Listing 14.1 Creating a simple Ball class

This tells Python we’re 
making a class

This is a method

代码清单 14-1 是一个球的类定义，其中只有一个方法 bounce()。不过，属性

呢？嗯，属性并不属于类，它们属于各个实例。因为每个实例可以有不同的属性。

设置实例属性有两种方法。后面的小节中我们会分别了解这两种方法。

创建一个对象实例

前面提到过，类定义并不是一个对象。这只是蓝图。现在来盖真正的房子。

这里告诉 Python
我们在建立一个类

这是一个方法
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如果想创建 Ball的一个实例，可以这样做：

这个球还没有任何属性，所以下面给它提供一些属性：

这是为对象定义属性的一种方法。下一节还会学习另一种方法。

现在来试试它的方法。我们要这样使用 bounce()方法：

下面把这些都放在一个程序里，增加一些 print语句来看发生了什么。程序见代

码清单 14-2。

代码清单 14-2　使用 Ball类

150 Hello World!

In listing 14.1, we have a class definition for a ball with one method: bounce(). But what 
about attributes? Well, attributes don’t really belong to the class, they belong to each 
instance. That’s because each instance can have different attributes. 

There are a couple of ways we can set the instance attributes. We’ll see both ways in the fol-
lowing sections.

Creating an instance of an object

As we mentioned before, a class definition isn’t an object. It’s just the blueprints. Now let’s 
build a house. 

If we want to create an instance of a Ball, we do it like this:

Our ball does not have any 
attributes yet, so let’s give it some:

This is one of the ways to define attributes for the object. We’ll see the other way in the next 
section.

Now, let’s try out one of the methods. 
Here’s how we’d use the bounce() method:

Let’s put this all together into a program, with some print statements to see what’s going 
on. The program is in listing 14.2.

class Ball:  

    def bounce(self):
        if self.direction == "down":
            self.direction = "up"
                                                                            
myBall = Ball()    
myBall.direction = "down"
myBall.color = "red"
myBall.size = "small"
                                                                            
print "I just created a ball." 
print "My ball is", myBall.size
print "My ball is", myBall.color
print "My ball's direction is", myBall.direction
print "Now I'm going to bounce the ball"                                    
print                                                                       
myBall.bounce()
print "Now the ball's direction is", myBall.direction                      

Listing 14.2 Using the Ball class

>>> myBall = Ball()

>>> myBall.direction = "down"
>>> myBall.color = "green"
>>> myBall.size = "small"

>>> myBall.bounce()

Here’s our class, 
same as before

Makes an instance of our class

Sets some 
attributes

Prints the object’s 
attributes

Uses a method

这就是我们的类，
与前面相同

打印对象的属性

设置一些属性

建立类的一个实例

使用一个方法

运行这个程序，可以看到下面的结果：

>>> ========================== RESTART ==========================
>>>
I just created a ball. 
My ball is small
My ball is red
My ball's direction is down
Now I'm going to bounce the ball

Now the ball's direction is up

我们设置的属性

它会改变方向，从下
（down）改为上 (up)

现在调用 bounce() 让球反弹

myBall = Ball()

myBall.direction = "down"
myBall.color = "green"
myBall.size = "small"

myBall.bounce()
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注意，调用 bounce()方法会把球的方向（direction）从下（down）改为上

（up），这正是 bounce()方法中的代码所要做的。

初始化对象

创建球对象时，并没有在 size、color或 direction中填入任何内容。必须在

创建对象之后填充这些内容。不过有一种方法可以在创建对象时设置属性。这称为

初始化对象。

术语箱
初始化（initializing）表示“开始时做好准备”。在软件中对某个东西初始化

时，就是把它设置成一种我们希望的状态或条件，以备使用。

创建类定义时，可以定义一个特定的方法，名为 __init__()，只要创建这个类

的一个新实例，就会运行这个方法。可以向 __init__()方法传递参数，这样创建实

例时就会把属性设置为你希望的值。代码清单 14-3 显示了这是如何实现的。

代码清单 14-3 　增加一个 __init__()方法

151 CHAPTER 14 Objects

If we run the program in listing 14.2, we should see this:

Notice that after we called the bounce() method, the ball’s direction changed from down to 
up, which is exactly what the code in the bounce() method is supposed to do.

Initializing an object

When we created our ball object, it didn’t have anything filled in for the size, color, or 
direction. We had to fill those in after we created the object. But there’s a way to set the 
properties of an object when it’s being created. This is called initializing the object. 

When you create the class definition, you can define a special method called __init__() 
that will run whenever a new instance of the class is created. You can pass arguments to the 
__init__() method to create the instance with its properties set however you want. 
Listing 14.3 shows how this works.

class Ball:
    def __init__(self, color, size, direction):
        self.color = color
        self.size = size
        self.direction = direction

    def bounce(self):
        if self.direction == "down":
            self.direction = "up"

myBall = Ball("red", "small", "down")
print "I just created a ball."

>>> ========================== RESTART ==========================
>>>
I just created a ball. 
My ball is small
My ball is red
My ball's direction is down
Now I'm going to bounce the ball

Now the ball's direction is up
>>>

Listing 14.3  Adding an __init__() method

The attributes as 
we set them

Now we bounce() the ball

It changed direction, 
from down to up

Initializing means “getting something ready at the start.” 
When we initialize something in software, we make it ready to 
use by getting it into the state or condition that we want.

Here’s the __init__() method

Attributes are passed in as 
arguments to __init__()

这里是 __init__() 方法。init
前后各有两条下划线，总共
四条下划线

属性作为 __init__() 的参数传入152 Hello World!

>>> print myBall
Hi, I'm a small red ball!

It’s one of the
 “magic” __xxxx__() class 

methods in Python!

If you say 
print myBall,

To change that, 
put in a method called 

__str__().

you get something weird like this:
<__main__.Ball instance at 0x00BB83A0>

Make it return 
what you want printed. 

Then, every time you use 
print myBall, 

it’ll say what you want.

print "My ball is", myBall.size
print "My ball is", myBall.color
print "My ball's direction is ", myBall.direction
print "Now I'm going to bounce the ball"
print
myBall.bounce()
print "Now the ball's direction is", myBall.direction

If you run the program in listing 14.3, you should get the same output you got from 
listing 14.2. The difference is, listing 14.3 uses the __init__() method to set the attributes. 

          Thanks for the tip, Carter. In 
the next section, we’ll see what 
these “magic” methods are all about.

A “magic” method: __str__()
Objects in Python have some “magic” methods, as Carter calls them. They’re not really 
magic, of course! They’re just some methods that Python includes automatically when you
create any class. Python programmers usually call them special methods.

如果这个程序，得到的输出应该与代码清单 14-2 的相同。区别在于，代码清单

14-3 使用了 __init__()方法来设置属性。
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“魔法”方法 : __str__()

就像卡特说的，Python 中的对象有一些“魔法”方法，当然它们并不是真的有

魔法！这些只是在你创建类时 Python 自动包含的一些方法。Python 程序员通常把它

们叫做特殊方法（special method）。

如果这样写：
print myBall,

要改变这个显 
示，需要加入一 

个 __str__()方法。

这就是 Python 
中的一个“魔法” 

__xxxx__()类方法！

让它返回你真正想 
打印的内容。这样一来，
每次使用 print myBall
时，它就会打印你想要

的东西。

你会得到这样一个奇怪的东西： 
<__main__.Ball instance at 0x00BB83A0>

谢谢你的提醒，卡特。在

下一节中，我们将会了解这些

“魔法”方法到底是什么。

我们已经知道，__init__()方法会在对象创建时完成初始化。每个对象都内置

有一个 __init__()方法。如果你在类定义中没有加入自己的 __init__()方法，就

会有这样一个内置方法接管，它的工作就是创建对象。

>>> print myBall

Hi, I'm a small red ball!

变！
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另一个特殊方法是 __str__()，它会告诉 Python 打印（print）一个对象时具

体显示什么内容。Python 会默认以下内容。

实例在哪里定义（卡特的例子中，就是在�� __main__中，这是程序的主部分）。

类名（�� Ball）。

存储实例的内存位置（�� 0x00BB83A0部分）。

不过，如果你希望 print为对象显示其他的内容，可以定义自己的 __str__()，

这会覆盖内置的 __str__()方法。代码清单 14-4 举了个例子。

代码清单 14-4　使用 __str__()改变打印对象的方式

153 CHAPTER 14 Objects

We already saw the __init__() method that initializes an object when it’s created. Every 
object has an __init__() method built in. If you don’t put one in your class definition, the 
built-in one takes over, and all it does is create the object.

Another special method is __str__(), which tells Python what to display when you print 
an object. By default, Python tells you

� where the instance is defined (in Carter’s case __main__, which is the main part of the 
program).

� the class name (Ball).
� the memory location where the instance is being stored (that’s the 0x00BB83A0 part).

But if you want print to display something different for your object, you can define your 
own __str__(), which will override the built-in one. Listing 14.4 shows an example.

class Ball:
    def __init__(self, color, size, direction):    
        self.color = color                         
        self.size = size                           
        self.direction = direction

    def __str__(self):
        msg = "Hi, I'm a " + self.size + " " + self.color + " ball!"
        return msg

myBall = Ball("red", "small", "down")              
print myBall

Now, if we run the program in 
listing 14.4, here’s what we get:

That looks a lot more friendly than <__main__.Ball instance at 0x00BB83A0>, don’t you 
think?

What’s “self”? 
You might have noticed that the term “self” shows up in a few places in the class attributes 
and method definitions, like this:

What does self mean? Well, remember that we said you could use blueprints to build 
more than one house? You can also use a class to create more than one instance of an 
object, like this:

Listing 14.4 Using __str__() to change how the object prints

Here’s the 
__str__() 
method

>>> ================= RESTART =================
>>>
Hi, I'm a small red ball!
>>>

def bounce(self):

cartersBall = Ball("red", "small", "down") 
warrensBall = Ball("green", "medium", "up")

Creating two instances 
of the Ball class

153 CHAPTER 14 Objects

We already saw the __init__() method that initializes an object when it’s created. Every 
object has an __init__() method built in. If you don’t put one in your class definition, the 
built-in one takes over, and all it does is create the object.

Another special method is __str__(), which tells Python what to display when you print 
an object. By default, Python tells you

� where the instance is defined (in Carter’s case __main__, which is the main part of the 
program).

� the class name (Ball).
� the memory location where the instance is being stored (that’s the 0x00BB83A0 part).

But if you want print to display something different for your object, you can define your 
own __str__(), which will override the built-in one. Listing 14.4 shows an example.

class Ball:
    def __init__(self, color, size, direction):    
        self.color = color                         
        self.size = size                           
        self.direction = direction

    def __str__(self):
        msg = "Hi, I'm a " + self.size + " " + self.color + " ball!"
        return msg

myBall = Ball("red", "small", "down")              
print myBall

Now, if we run the program in 
listing 14.4, here’s what we get:

That looks a lot more friendly than <__main__.Ball instance at 0x00BB83A0>, don’t you 
think?

What’s “self”? 
You might have noticed that the term “self” shows up in a few places in the class attributes 
and method definitions, like this:

What does self mean? Well, remember that we said you could use blueprints to build 
more than one house? You can also use a class to create more than one instance of an 
object, like this:

Listing 14.4 Using __str__() to change how the object prints

Here’s the 
__str__() 
method

>>> ================= RESTART =================
>>>
Hi, I'm a small red ball!
>>>

def bounce(self):

cartersBall = Ball("red", "small", "down") 
warrensBall = Ball("green", "medium", "up")

Creating two instances 
of the Ball class

这里是 __str__()

方法

现在运行这个程序，可以得到下面的结果：

这看起来比 <__main__.Ball instance at 0x00BB83A0>好多了，你认为呢？

所有“魔法”方法都在方法名称前后各使用两条下划线。

什么是 self

你可能已经注意到，在类属性和方法定义中多处出现了“self”，比如：
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We already saw the __init__() method that initializes an object when it’s created. Every 
object has an __init__() method built in. If you don’t put one in your class definition, the 
built-in one takes over, and all it does is create the object.

Another special method is __str__(), which tells Python what to display when you print 
an object. By default, Python tells you

� where the instance is defined (in Carter’s case __main__, which is the main part of the 
program).

� the class name (Ball).
� the memory location where the instance is being stored (that’s the 0x00BB83A0 part).

But if you want print to display something different for your object, you can define your 
own __str__(), which will override the built-in one. Listing 14.4 shows an example.

class Ball:
    def __init__(self, color, size, direction):    
        self.color = color                         
        self.size = size                           
        self.direction = direction

    def __str__(self):
        msg = "Hi, I'm a " + self.size + " " + self.color + " ball!"
        return msg

myBall = Ball("red", "small", "down")              
print myBall

Now, if we run the program in 
listing 14.4, here’s what we get:

That looks a lot more friendly than <__main__.Ball instance at 0x00BB83A0>, don’t you 
think?

What’s “self”? 
You might have noticed that the term “self” shows up in a few places in the class attributes 
and method definitions, like this:

What does self mean? Well, remember that we said you could use blueprints to build 
more than one house? You can also use a class to create more than one instance of an 
object, like this:

Listing 14.4 Using __str__() to change how the object prints

Here’s the 
__str__() 
method

>>> ================= RESTART =================
>>>
Hi, I'm a small red ball!
>>>

def bounce(self):

cartersBall = Ball("red", "small", "down") 
warrensBall = Ball("green", "medium", "up")

Creating two instances 
of the Ball class
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When we call a method for one of these instances, like this,

the method has to know which instance called it. Is it cartersBall that needs to bounce, or 
warrensBall? The self argument is what tells the method which object called it. It’s called 
the instance reference.

But wait a minute! When we called the method, there was no argument in the parentheses 
of warrensBall.bounce(), but there’s a self argument in the method. Where did the self 
argument come from, if we didn’t pass anything? That’s another little bit of “magic” that 
Python does with objects. When you call a class method, the information about which 
instance called—the instance reference—is automatically passed to the method. 

It’s like writing this:

In this case, we told the bounce() method which ball to bounce. In fact, this code will 
work too, because that is exactly what Python does behind the scenes when you write 
warrensBall.bounce().  

In chapter 11, we made a program about hot 
dogs. Now, as an example of how to use 
objects, we’re going to make a class for a hot 
dog. 

An example class—HotDog
For this example, we’ll assume that hot dogs always have a bun. (It’s too messy otherwise.) 
We’ll give our hot dog some attributes and some methods. 

These are the attributes:

� cooked_level—A number that lets us know how long the hot dog has been cooked. 
We’ll use 0–3 for raw, over 3 for medium, over 5 for well-done, and anything over 8 will 
be charcoal! Our hot dogs will start out raw.

warrensBall.bounce()

Ball.bounce(warrensBall)

By the way, the na
me self has no 

special meaning in Python. 
That’s just 

the name everybody uses 
for the 

instance reference
. It’s another one o

f 

those conventions
 that make your 

code easier to rea
d. You could name 

the instance varia
ble whatever you 

want, but I strongl
y suggest you 

follow the convent
ion and use self—

it’ll make things much less confusing
.
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We already saw the __init__() method that initializes an object when it’s created. Every 
object has an __init__() method built in. If you don’t put one in your class definition, the 
built-in one takes over, and all it does is create the object.

Another special method is __str__(), which tells Python what to display when you print 
an object. By default, Python tells you

� where the instance is defined (in Carter’s case __main__, which is the main part of the 
program).

� the class name (Ball).
� the memory location where the instance is being stored (that’s the 0x00BB83A0 part).

But if you want print to display something different for your object, you can define your 
own __str__(), which will override the built-in one. Listing 14.4 shows an example.

class Ball:
    def __init__(self, color, size, direction):    
        self.color = color                         
        self.size = size                           
        self.direction = direction

    def __str__(self):
        msg = "Hi, I'm a " + self.size + " " + self.color + " ball!"
        return msg

myBall = Ball("red", "small", "down")              
print myBall

Now, if we run the program in 
listing 14.4, here’s what we get:

That looks a lot more friendly than <__main__.Ball instance at 0x00BB83A0>, don’t you 
think?

What’s “self”? 
You might have noticed that the term “self” shows up in a few places in the class attributes 
and method definitions, like this:

What does self mean? Well, remember that we said you could use blueprints to build 
more than one house? You can also use a class to create more than one instance of an 
object, like this:

Listing 14.4 Using __str__() to change how the object prints

Here’s the 
__str__() 
method

>>> ================= RESTART =================
>>>
Hi, I'm a small red ball!
>>>

def bounce(self):

cartersBall = Ball("red", "small", "down") 
warrensBall = Ball("green", "medium", "up")

Creating two instances 
of the Ball class

self是什么意思？嗯，我们说过，可以使用蓝图盖很多个房子，还记得吧？使

用一个类也可以创建多个对象实例，例如：

调用其中一个实例的方法时，像这样：
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We already saw the __init__() method that initializes an object when it’s created. Every 
object has an __init__() method built in. If you don’t put one in your class definition, the 
built-in one takes over, and all it does is create the object.

Another special method is __str__(), which tells Python what to display when you print 
an object. By default, Python tells you

� where the instance is defined (in Carter’s case __main__, which is the main part of the 
program).

� the class name (Ball).
� the memory location where the instance is being stored (that’s the 0x00BB83A0 part).

But if you want print to display something different for your object, you can define your 
own __str__(), which will override the built-in one. Listing 14.4 shows an example.

class Ball:
    def __init__(self, color, size, direction):    
        self.color = color                         
        self.size = size                           
        self.direction = direction

    def __str__(self):
        msg = "Hi, I'm a " + self.size + " " + self.color + " ball!"
        return msg

myBall = Ball("red", "small", "down")              
print myBall

Now, if we run the program in 
listing 14.4, here’s what we get:

That looks a lot more friendly than <__main__.Ball instance at 0x00BB83A0>, don’t you 
think?

What’s “self”? 
You might have noticed that the term “self” shows up in a few places in the class attributes 
and method definitions, like this:

What does self mean? Well, remember that we said you could use blueprints to build 
more than one house? You can also use a class to create more than one instance of an 
object, like this:

Listing 14.4 Using __str__() to change how the object prints

Here’s the 
__str__() 
method

>>> ================= RESTART =================
>>>
Hi, I'm a small red ball!
>>>

def bounce(self):

cartersBall = Ball("red", "small", "down") 
warrensBall = Ball("green", "medium", "up")

Creating two instances 
of the Ball class

创建 Ball 类的两个实例
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方法必须知道是哪个实例调用了它。是 cartersBall需要反弹吗？还是 warrens 

Ball？self参数会告诉方法哪个对象调用它。这称为实例引用（instance reference）。

不过先等等！调用方法时，warrensBall.bounce()的括号里没有参数，但是

方法里却有一个 self参数。既然我们并没有传入任何东西，这个 self参数从哪里

来的？这是 Python 处理对象的另外一个“魔法”。调用一个类方法时，究竟是哪个实

例调用了这个方法？这个信息（也就是实例引用）会自动传递给方法。

这就像写成：

在这种情况下，我们告诉了 bounce()方法哪个球要反弹。实际上，这个代码也能

正常工作，因为写成 warrensBall.bounce()时，Python 在后台确实也是这么做的。

顺便说一句，self 这个名字在

Python 中没有任何特殊的含义。只不

过所有人都使用这个实例引用名。这

也是让代码更易读的一个约定。也可

以把这个实例变量命名为你想要的任

何名字，不过强烈建议你遵循这个约

定，因为使用 self 能减少混乱。

我们在第 11 章建立了一个热狗程

序。现在作为使用对象的例子，我们

来为热狗建立一个类。

14.6　一个示例类—— HotDog

在这个例子中，我们假设热狗总包括一个小面包。（否则可真是一团糟。）下面

为热狗指定一些属性和方法。

下面是热狗的属性。

cooked�� _level：这是一个数字，通过这个属性我们可以知道热狗烤了多长时

间。0 ～ 3 表示还是生的，超过 3 表示半生不熟，超过 5 表示已经烤好，超

过 8 表示已经烤成木炭了！我们的热狗开始时是生的。

cooked�� _string：这是一个字符串，描述热狗的生熟程度。

condiments�� ：这是热狗上的配料列表，比如番茄酱、芥末酱等。

Ball.bounce(warrensBall)
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下面是热狗的方法。

cook()�� ：把热狗烤一段时间。这会让热狗越来越熟。

add�� _condiment()：给热狗加一些配料。

__�� init__()：创建实例并设置默认属性。

__�� str__()：让 print的结果看起来更好一些。

首先，需要定义类。先定义 __init__()方法，它会为热狗设置默认属性：

155 CHAPTER 14 Objects

� cooked_string—A string describing how well-done the hot dog is. 
� condiments—A list of what’s on the hot dog, like ketchup, mustard, and so on.

These are the methods:

� cook()—Cooks the hot dog for some period of time. This will make the hot dog more 
well-done.

� add_condiment()—Adds condiments to the hot dog.
� __init__()—Creates our instance and sets the default properties.
� __str__()—Makes the print look nicer.

First, we need to define the class. Let’s start with the __init__() method, which will set the 
default attributes for a hot dog:

We start with a raw hot dog and no condiments.

Now, let’s make a method to cook our hot dog:

Before we go any further, let’s test this part. First, we need to create an instance of a hot 
dog, and we’ll check the attributes, too.

    def cook(self, time):
        self.cooked_level = self.cooked_level + time
        if self.cooked_level > 8:
            self.cooked_string = "Charcoal"
        elif self.cooked_level > 5:
            self.cooked_string = "Well-done"
        elif self.cooked_level > 3:
            self.cooked_string = "Medium"
        else:
            self.cooked_string = "Raw"

class HotDog:
    def __init__(self):
        self.cooked_level = 0
        self.cooked_string = "Raw"
        self.condiments = []

Increases the 
cooked level by the 
amount of time

Sets the strings 
for the different 
cooked levels

  myDog = HotDog()
print myDog.cooked_level
print myDog.cooked_string
print myDog.condiments

现在，来建立一个方法烤热狗：

先从一个没有加任何配料的生热狗

开始。

继续下面的工作之前，先对这一部分做个测试。首先，需要创建热狗的一个实

例，还要检查它的属性。

def cook(self, time):

        self.cooked_level = self.cooked_level + time

        if self.cooked_level > 8:                       

            self.cooked_string = "Charcoal"               

        elif self.cooked_level > 5:                        

           self.cooked_string = "Well-done"

        elif self.cooked_level > 3:                         

            self.cooked_string = "Medium"            

        else:                                           

           self.cooked_string = "Raw"

按 time（时间）量增
加烤制级别

为不同烤制级别设
置字符串

155 CHAPTER 14 Objects

cooked_string—A string describing how well-done the hot dog is. 

condiments—A list of what’s on the hot dog, like ketchup, mustard, and so on.

These are the methods:

cook()—Cooks the hot dog for some period of time. This will make the hot dog more 
well-done.

add_condiment()—Adds condiments to the hot dog.

__init__()—Creates our instance and sets the default properties.

__str__()—Makes the print look nicer.

First, we need to de�ne the class. Let’s start with the __init__() method, which will set the 
default attributes for a hot dog:

We start with a raw hot dog and no condiments.

Now, let’s make a method to cook our hot dog:

Before we go any further, let’s test this part. First, we need to create an instance of a hot 
dog, and we’ll check the attributes, too.

    def cook(self, time):
        self.cooked_level = self.cooked_level + time
        if self.cooked_level > 8:
            self.cooked_string = "Charcoal"
        elif self.cooked_level > 5:
            self.cooked_string = "Well-done"
        elif self.cooked_level > 3:
            self.cooked_string = "Medium"
        else:
            self.cooked_string = "Raw"

class HotDog:
    def __init__(self):
        self.cooked_level = 0
        self.cooked_string = "Raw"
        self.condiments = []

Increases the 
cooked level by the 
amount of time

Sets the strings 
for the different 
cooked levels

myDog = HotDog()
print myDog.cooked_level
print myDog.cooked_string
print myDog.condiments

下面把这些内容都放在一个程序中，运行这个程序。代码清单 14-5 显示了（到

目前为止）完整的程序。
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代码清单 14-5　热狗程序的开始部分

156 Hello World!

Let’s put this together into a program and run it. Listing 14.5 shows the complete program 
(so far).

class HotDog:
    def __init__(self):
        self.cooked_level = 0
        self.cooked_string = "Raw"
        self.condiments = []
    def cook(self, time):
        self.cooked_level = self.cooked_level + time
        if self.cooked_level > 8:                     
            self.cooked_string = "Charcoal"             
        elif self.cooked_level > 5:                     
            self.cooked_string = "Well-done"            
        elif self.cooked_level > 3:                     
            self.cooked_string = "Medium"               
        else:                                           
            self.cooked_string = "Raw"                  
myDog = HotDog()
print myDog.cooked_level
print myDog.cooked_string
print myDog.condiments

Now, run the code in listing 14.5 and 
see what you get. It should look like this:

We see that the attributes are cooked_level = 0, cooked_string = "Raw", and condiments 
is empty.

Listing 14.5 Start of our hot dog program

#!/bin/env python #

 Pa
gin

ate
 a text file, adding a header and footer import sys, time, string # If no arguments were given, print a help

ful
 message if len(sys.argv)!=2: print 'Us

ag
e: pyprint filename'sys.exit(0)class # Increment the p

age 
cou

nt
, an

d r
es

et
 th

e l
ine

 co
un

t a
nd

 re
set

 a s
elf.h

eader_written=1 ; self.count=#!/bin/en
v p

ytho
n # !Bin/en 

Thinking like a (Python) programmer
Another convention in Python is that the 
name of a class always starts with an 
uppercase (capital) letter. So far we have 
seen Ball and HotDog, so we have been 
following the convention.  

pri
nt >>>Hello if #

pr
int >>>Hello if #

pri
nt >>>Hello if #

>>>
0
Raw
[]
>>>

The cooked_level

The cooked_string

The condiments

#!/bin/envpython#Pa
gin
ate

atextf
ile,addingaheaderandfooterimportsys,time,string#

Ifnoargumentsweregiven,printah
elp
ful

messageiflen(sys.argv)!=2:print'
Usa

ge
:pyprintfilename'sys.exit(0)class#Incremen

tthe
page

cou
nt
,an

dr
es
et
th
el
ine

co
un
ta
nd
re
set

ase
lf.he

ader_written=1;self.count=#!/bin/en
vp

ytho
n# !Bin/en

 

pr
int>>>Helloif#

pr
int>>>Helloif#

pr
int>>>Helloif#

现在，运行代码清单 14-5 中的代码，看看会得到什么。结果应该像这样：

像（Python）程序员一样思考

Python 中的另一个约定是类名总是以大写字母

开头。目前为止，我们已经见到 Ball 和 HotDog，

所以说我们一直都在遵循这个约定。

可以看到，属性分别是 cooked_level = 0，cooked_string = "Raw"，另外

condiments为空。

156 Hello World!

Let’s put this together into a program and run it. Listing 14.5 shows the complete program 
(so far).

class HotDog:
    def __init__(self):
        self.cooked_level = 0
        self.cooked_string = "Raw"
        self.condiments = []
    def cook(self, time):
        self.cooked_level = self.cooked_level + time
        if self.cooked_level > 8:                     
            self.cooked_string = "Charcoal"             
        elif self.cooked_level > 5:                     
            self.cooked_string = "Well-done"            
        elif self.cooked_level > 3:                     
            self.cooked_string = "Medium"               
        else:                                           
            self.cooked_string = "Raw"                  
myDog = HotDog()
print myDog.cooked_level
print myDog.cooked_string
print myDog.condiments

Now, run the code in listing 14.5 and 
see what you get. It should look like this:

We see that the attributes are cooked_level = 0, cooked_string = "Raw", and condiments 
is empty.

Listing 14.5 Start of our hot dog program

#!/bin/env python #

 Pa
gin

ate
 a text file, adding a header and footer import sys, time, string # If no arguments were given, print a help

ful
 message if len(sys.argv)!=2: print 'Us

ag
e: pyprint filename'sys.exit(0)class # Increment the p

age 
cou

nt
, an

d r
es

et
 th

e l
ine

 co
un

t a
nd

 re
set

 a s
elf.h

eader_written=1 ; self.count=#!/bin/en
v p

ytho
n # !Bin/en 

Thinking like a (Python) programmer
Another convention in Python is that the 
name of a class always starts with an 
uppercase (capital) letter. So far we have 
seen Ball and HotDog, so we have been 
following the convention.  

pri
nt >>>Hello if #

pr
int >>>Hello if #

pri
nt >>>Hello if #

>>>
0
Raw
[]
>>>

The cooked_level

The cooked_string

The condiments
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现在来测试 cook()方法。把下面的代码行增加到代码清单 14-5 中：

157 CHAPTER 14 Objects

Now, let’s test the cook() method. Add the lines below to the code in listing 14.5:

Run the program again. Now, 
the output should look like this:

So our cook() method seems to work. The cooked_level went from 0 to 4, and the string 
updated too (from Raw to Medium).

Let’s try adding some condiments. We need a new method for that. We could also add our 
__str__() function so it’ll be easier to print the object. Edit the program so it looks like list-
ing 14.6.

class HotDog:
    def __init__(self):
        self.cooked_level = 0
        self.cooked_string = "Raw"
        self.condiments = []

    def __str__(self):
        msg = "hot dog"
        if len(self.condiments) > 0: 
            msg = msg + " with "
        for i in self.condiments:
            msg = msg+i+", "
        msg = msg.strip(", ")
        msg = self.cooked_string + " " + msg + "."
        return msg

    def cook(self, time):
        self.cooked_level=self.cooked_level+time
        if self.cooked_level > 8:
            self.cooked_string = "Charcoal"
        elif self.cooked_level > 5:
            self.cooked_string = "Well-done"
        elif self.cooked_level > 3:
            self.cooked_string = "Medium"
        else:
            self.cooked_string = "Raw"

    def addCondiment(self, condiment): 
        self.condiments.append(condiment)

print "Now I'm going to cook the hot dog"    
myDog.cook(4)
print myDog.cooked_level
print myDog.cooked_string

Listing 14.6 HotDog class with cook(), add_condiments(), and __str__()

Cooks the hot dog 
for 4 minutes

Checks the new 
cooked attributes

>>>
0
Raw
[]
Now I'm going to cook the hot dog
4
Medium
>>>

Before cooking

After cooking

Defines 
the class

Defines the new 
__str__() 
method

Defines the new 
add_condiments() method

157 CHAPTER 14 Objects

Now, let’s test the cook() method. Add the lines below to the code in listing 14.5:

Run the program again. Now, 
the output should look like this:

So our cook() method seems to work. The cooked_level went from 0 to 4, and the string 
updated too (from Raw to Medium).

Let’s try adding some condiments. We need a new method for that. We could also add our 
__str__() function so it’ll be easier to print the object. Edit the program so it looks like list-
ing 14.6.

class HotDog:
    def __init__(self):
        self.cooked_level = 0
        self.cooked_string = "Raw"
        self.condiments = []

    def __str__(self):
        msg = "hot dog"
        if len(self.condiments) > 0: 
            msg = msg + " with "
        for i in self.condiments:
            msg = msg+i+", "
        msg = msg.strip(", ")
        msg = self.cooked_string + " " + msg + "."
        return msg

    def cook(self, time):
        self.cooked_level=self.cooked_level+time
        if self.cooked_level > 8:
            self.cooked_string = "Charcoal"
        elif self.cooked_level > 5:
            self.cooked_string = "Well-done"
        elif self.cooked_level > 3:
            self.cooked_string = "Medium"
        else:
            self.cooked_string = "Raw"

    def addCondiment(self, condiment): 
        self.condiments.append(condiment)

print "Now I'm going to cook the hot dog"    
myDog.cook(4)
print myDog.cooked_level
print myDog.cooked_string

Listing 14.6 HotDog class with cook(), add_condiments(), and __str__()

Cooks the hot dog 
for 4 minutes

Checks the new 
cooked attributes

>>>
0
Raw
[]
Now I'm going to cook the hot dog
4
Medium
>>>

Before cooking

After cooking

Defines 
the class

Defines the new 
__str__() 
method

Defines the new 
add_condiments() method

再运行这个程序，现在输出会变成：

把热狗烤 4 分钟

检查新的 cooked 属性

烤前

烤后

看来我们的 cook()方法能正常工作。cooked_level从 0变成 4，而且字符串

也得到更新（从 Raw变成 Medium）。

下面来增加一些配料。这需要一个新的方法。另外还可以自己增加 __str__()

函数，让打印对象更为容易。按代码清单 14-6 编辑程序。

代码清单 14-6　包含 cook()、add_condiments()和 __str__()的 HotDog类

class HotDog:  

def __init__(self):                                         

        self.cooked_level = 0                                  

        self.cooked_string = "Raw"                              

        self.condiments = []                                   

    def __str__(self):                                         

        msg = "hot dog"                                        

        if len(self.condiments) > 0:                         

            msg = msg + " with "                            

        for i in self.condiments:                            

            msg = msg+i+", "                               

        msg = msg.strip(", ")                               

        msg = self.cooked_string + " " + msg + "."    

        return msg                                             

    def cook(self, time):                                      

        self.cooked_level=self.cooked_level+time               

        if self.cooked_level > 8:                             

            self.cooked_string = "Charcoal"                    

        elif self.cooked_level > 5:                           

            self.cooked_string = "Well-done"                 

        elif self.cooked_level > 3:                             

            self.cooked_string = "Medium"                     

        else:                                                    

            self.cooked_string = "Raw"                        

    def addCondiment(self, condiment):     

         self.condiments.append(condiment)  

myDog = HotDog()                

print myDog                                                     

print "Cooking hot dog for 4 minutes..."                     

myDog.cook(4)                                                 

print myDog                                                  

print "Cooking hot dog for 3 more minutes..."                

myDog.cook(3)                                                 

print myDog                                                  

print "What happens if I cook it for 10 more minutes?"        

myDog.cook(10)                                                 

print myDog                                                   

print "Now, I'm going to add some stuff on my hot dog"        

myDog.addCondiment("ketchup")                                  

myDog.addCondiment("mustard")                                 

print myDog                                                  

定义新的 __str__()
方法

定义新的 add_condiments() 方法

定义
类
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这个代码清单有点儿长，但我还是建议你自己键入这些代码，而且你已经有了

之前代码清单 14-5 中的部分代码，不过，如果你的手指确实很累，或者你没有时间，

也可以在 \examples 文件夹或本书网站上找到这个代码。

运行这个程序，看看能得到什么。结果应该如下：

158 Hello World!

myDog = HotDog()
print myDog
print "Cooking hot dog for 4 minutes..."
myDog.cook(4)
print myDog
print "Cooking hot dog for 3 more minutes..."
myDog.cook(3)
print myDog
print "What happens if I cook it for 10 more minutes?"
myDog.cook(10)
print myDog
print "Now, I'm going to add some stuff on my hot dog"
myDog.addCondiment("ketchup")
myDog.addCondiment("mustard")
print myDog

This code listing is a bit long, but I still encourage you to type it all in. You already have part 
of it from listing 14.5. But if your fingers are tired or you don’t have time, you can find it in 
the \examples folder or on the book’s web site.

Run the program and see what you get. It should look like this:

The first part of the program creates the class. The second part 
tests the methods to cook our virtual hot dog and add some 

condiments. But judging by that last couple of lines, I think we 
cooked it too much. What a waste of ketchup and mustard!

>>> ================================ RESTART ================================
>>>
Raw hot dog.
Cooking hot dog for 4 minutes...
Medium hot dog.
Cooking hot dog for 3 more minutes...
Well-done hot dog.
What happens if I cook it for 10 more minutes?
Charcoal hot dog.
Now, I'm going to add some stuff on my hot dog
Charcoal hot dog with ketchup, mustard.
>>>

Creates the instance

Tests to see if 
everything is 
working

158 Hello World!

myDog = HotDog()
print myDog
print "Cooking hot dog for 4 minutes..."
myDog.cook(4)
print myDog
print "Cooking hot dog for 3 more minutes..."
myDog.cook(3)
print myDog
print "What happens if I cook it for 10 more minutes?"
myDog.cook(10)
print myDog
print "Now, I'm going to add some stuff on my hot dog"
myDog.addCondiment("ketchup")
myDog.addCondiment("mustard")
print myDog

This code listing is a bit long, but I still encourage you to type it all in. You already have part 
of it from listing 14.5. But if your fingers are tired or you don’t have time, you can find it in 
the \examples folder or on the book’s web site.

Run the program and see what you get. It should look like this:

The first part of the program creates the class. The second part 
tests the methods to cook our virtual hot dog and add some 

condiments. But judging by that last couple of lines, I think we 
cooked it too much. What a waste of ketchup and mustard!

>>> ================================ RESTART ================================
>>>
Raw hot dog.
Cooking hot dog for 4 minutes...
Medium hot dog.
Cooking hot dog for 3 more minutes...
Well-done hot dog.
What happens if I cook it for 10 more minutes?
Charcoal hot dog.
Now, I'm going to add some stuff on my hot dog
Charcoal hot dog with ketchup, mustard.
>>>

Creates the instance

Tests to see if 
everything is 
working

创建实例

查看是否一切
正常

程序的第一部分创建了类。第二部分测试了烤这

个虚拟热狗和添加配料的方法。不过从最后几行代码来

看，我认为烤得太过了。这太浪费番茄酱和芥末酱了！
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14.7　隐藏数据

你可能已经意识到，查看或修改对象中的数据（属性）有两种方法。可以直接

访问，像这样：

或者也可以使用修改属性的方法，例如：

如果热狗开始时是生的（cooked_level = 0），这两种做法的作用相同。它们

都会把 cooked_level设置为 5。那么为什么还要那么麻烦，专门建立一个方法来做

这个工作呢？为什么不直接修改呢？

我可以想到至少两个原因。

如果直接访问属性，烤热狗至少需要两部分：改变�� cooked_level和改变

cooked_string。而利用一个方法，可以只做一个方法调用，它就会完成我

们需要的一切工作。

如果直接访问属性，就会有这样的结果：��

这会使热狗比以前还生。不过热狗肯定不会越烤越生！所以这是毫无意义的。

通过使用方法，可以确保 cooked_level只会增加而不会减少。

术语箱
按编程术语来讲，如果限制对对象数据的访问，使得只能通过使用方法来获

取和修改这些数据，就称为数据隐藏（data hiding）。Python 没有提供任何途径来

保证数据隐藏，不过如果你愿意，可以适当地编写代码来遵循这个规则。

目前为止，我们已经看到对象包含属性和方法。而且了解了如何创建对象以及

如何利用一个名为 __init__()的特殊方法初始化对象。我们还看到了另一个特殊方

法 __str__()，利用这个方法可以更好地打印我们的对象。

14.8　多态和继承

接下来，我们来看对象最为重要的两个方面：多态（polymorphism）和继承

（inheritance）。这两个词很长很深奥，不过正是因为有这两个方面，才使得对象如此

有用。我会在下面几节清楚地解释它们的含义。

多态—同一个方法，不同的行为

非常简单，多态是指对于不同的类，可以有同名的两个（或多个）方法。取决

于这些方法分别应用到哪个类，它们可以有不同的行为。

 cooked_level = cooked_level – 2

myDog.cooked_level = 5

myDog.cook(5)
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例如，假设你要建立一个程序做几何题，需要计算不同形状的面积，比如三角

形和正方形。你可以创建两个类，如下：

160 Hello World!

Polymorphism—same method, different behavior

Very simply, polymorphism means that you can have two (or more) methods with the same 
name for different classes. These methods can behave differently, depending on which class 
they’re applied to. 

For example, let’s say you were making a program to practice geometry, and you needed to 
calculate the area of different shapes, like triangles and squares. You might create two 
classes, like this: 

Both the Triangle class and the Square class have a method called getArea(). So if we had 
an instance of each class, like this,

then we could calculate the 
area of either one using getArea():

We used the method name getArea() for both shapes, but the method did something dif-
ferent for each shape. This is an example of polymorphism.

Inheritance—learning from your parents

In the real (nonprogramming) world, people can inherit things from their parents or other 
relatives. You can inherit traits like red hair, or you can inherit stuff like money or property. 

In object-oriented programming, classes can inherit attributes and methods from other 
classes. This allows you to have whole “families” of classes that share common attributes 

class Triangle:
    def __init__(self, width, height):
        self.width = width
        self.height = height

    def getArea(self):
        area = self.width * self.height / 2.0
        return area

class Square:
    def __init__(self, size):
        self.size = size

    def getArea(self):
        area = self.size * self.size 
        return area

Here is the 
Triangle class

Here is the 
Square class

Both  have a method 
called getArea()

>>> myTriangle = Triangle(4, 5)
>>> mySquare = Square(7)

>>> myTriangle.getArea()
10.0
>>> mySquare.getArea()
49

Triangle类和 Square类都有一个名为 getArea()的方法。所以，如果分别有

这两个类的实例，如下：

这是 Triangle 类

这是 Square 类

都有一个名为 getArea()
的方法

160 Hello World!

Polymorphism—same method, different behavior

Very simply, polymorphism means that you can have two (or more) methods with the same 
name for different classes. These methods can behave differently, depending on which class 
they’re applied to. 

For example, let’s say you were making a program to practice geometry, and you needed to 
calculate the area of different shapes, like triangles and squares. You might create two 
classes, like this: 

Both the Triangle class and the Square class have a method called getArea(). So if we had 
an instance of each class, like this,

then we could calculate the 
area of either one using getArea():

We used the method name getArea() for both shapes, but the method did something dif-
ferent for each shape. This is an example of polymorphism.

Inheritance—learning from your parents

In the real (nonprogramming) world, people can inherit things from their parents or other 
relatives. You can inherit traits like red hair, or you can inherit stuff like money or property. 

In object-oriented programming, classes can inherit attributes and methods from other 
classes. This allows you to have whole “families” of classes that share common attributes 

class Triangle:
    def __init__(self, width, height):
        self.width = width
        self.height = height

    def getArea(self):
        area = self.width * self.height / 2.0
        return area

class Square:
    def __init__(self, size):
        self.size = size

    def getArea(self):
        area = self.size * self.size 
        return area

Here is the 
Triangle class

Here is the 
Square class

Both  have a method 
called getArea()

>>> myTriangle = Triangle(4, 5)
>>> mySquare = Square(7)

>>> myTriangle.getArea()
10.0
>>> mySquare.getArea()
49
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Polymorphism—same method, different behavior

Very simply, polymorphism means that you can have two (or more) methods with the same 
name for different classes. These methods can behave differently, depending on which class 
they’re applied to. 

For example, let’s say you were making a program to practice geometry, and you needed to 
calculate the area of different shapes, like triangles and squares. You might create two 
classes, like this: 

Both the Triangle class and the Square class have a method called getArea(). So if we had 
an instance of each class, like this,

then we could calculate the 
area of either one using getArea():

We used the method name getArea() for both shapes, but the method did something dif-
ferent for each shape. This is an example of polymorphism.

Inheritance—learning from your parents

In the real (nonprogramming) world, people can inherit things from their parents or other 
relatives. You can inherit traits like red hair, or you can inherit stuff like money or property. 

In object-oriented programming, classes can inherit attributes and methods from other 
classes. This allows you to have whole “families” of classes that share common attributes 

class Triangle:
    def __init__(self, width, height):
        self.width = width
        self.height = height

    def getArea(self):
        area = self.width * self.height / 2.0
        return area

class Square:
    def __init__(self, size):
        self.size = size

    def getArea(self):
        area = self.size * self.size 
        return area

Here is the 
Triangle class

Here is the 
Square class

Both  have a method 
called getArea()

>>> myTriangle = Triangle(4, 5)
>>> mySquare = Square(7)

>>> myTriangle.getArea()
10.0
>>> mySquare.getArea()
49

就可以使用 getArea()分别计算它们的面积：

这两个形状都使用了方法名 getArea()，不过每个形状中这个方法做的工作不

同。这就是一个多态的例子。

继承—向父母学习

在真实的（非编程）世界中，人们可以从他们的父母或者其他亲戚那里继承一些

东西。你可以继承一些特征，比如说红头发，或者可以继承像钱和财产之类的东西。

Eustace Petunia Hortense

El Poppo Mom
(“The Boss”)

Grampa Gramma Oppa Omma

Earl
(”Big Sissy”)

Mathilda
(”Little Sissy”)

Pavlov
(”Dog Man”)

Ingrid
(”Thumper”)

Natalia
(”Krazy Kissing Aunt”)

OlgaIvan
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在面向对象编程中，类可以从其他类继承属性和方法。这样就有了类的整个

“家族”，这个“家族”中的每个类共享相同的属性和方法。这样一来，每次向“家

族”增加新成员时就不必从头开始。

从其他类继承属性或方法的类称为派生类（derived class）或子类（subclass）。
可以举一个例子来解释这个概念。

假想我们要建立一个游戏，玩家一路上可以捡起不同的东西，比如食物、钱

或衣服。可以建一个类，名为 GameObject。GameObject类有 name等属性（例如

coin、apple 或 hat）和 pickUp()等方法（它会把硬币增加到玩家的物品集合中）。所

有游戏对象都有这些共同的方法和属性。

然后，可以为硬币建立一个子类。Coin 类从 GameObject 派生。它要继承

GameObject的属性和方法，所以 Coin类会自动有一个 name属性和 pickUp()方法。

Coin类还需要一个 value属性（这个硬币价值多少）和一个 spend()方法（可以用

这个硬币去买东西）。

下面来看这些类的代码：

class GameObject:                                      

    def __init__(self, name):                            

        self.name = name                               

                                                    

    def pickUp(self, player):                      

        # put code here to add the object

        # to the player's collection   

class Coin(GameObject):

    def __init__(self, value):

        GameObject.__init__(self, "coin")

        self.value = value

    def spend(self, buyer, seller):                     

        # put code here to remove the coin

        # from the buyer's money and     

        # add it to the seller's money               

14.9　未雨绸缪

在上面的例子中，我们并没有在方法中加入任何实际代码，只有一些注释来解释

这些方法要做什么。这是一种未雨绸缪的方法，是对以后要增加的内容提前做出计划

或提前考虑。具体的代码要取决于游戏如何工作。程序员编写比较复杂的代码时通常

就会采用这种做法来组织他们的想法。“空”函数或方法称为代码桩（code stub）。

定义 GameObject 类

定义 GameObject 类

Coin 是的 GameObject 的子类

在 __init__() 中， 继 承 GameObject
的初始化方法并补充新内容

Coin 类新的 spend() 方法
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它们不是空的。
里面有注释！

没错，卡特，不过注释不起作用，

因为它们只是给你读的，而不是让计算机

来执行。

如果希望建立一个代码桩，可以使用 Python 的 pass关键字作为一个占位符。

代码实际上应该像下面这样：

class Game_object:

    def __init__(self, name):

        self.name = name

    def pickUp(self):

        pass                     

        # put code here to add the object 

        # to the player's collection

class Coin(Game_object):

    def __init__(self, value):

        GameObject.__init__(self, "coin")

        self.value = value

    def spend(self, buyer, seller):

        pass                                          

        # put code here to remove the coin 

        # from the buyer's money and  

        # add it to the seller's money

我不打算再在这一章中给出使用对象、多态和继承的更详细的例子。学习这本

书后面的内容时还会看到很多关于对象以及如何使用对象的例子。通过在实际的程

序（比如游戏）中使用对象，你会有更深入的理解。

在这两个位置增加 pass 关键字

你学到了什么

在这一章，你学到了以下内容。

如果想运行前面的例子，会得到一条错误消息，因为函数定义不能为空。
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什么是对象。��

属性和方法。��

什么是类。��

创建类的一个实例。��

特殊方法：�� __init__()和 __str__()。

多态。��

继承。��

代码桩。��

测试题

1. 定义一个新的对象 类型时用什么关键字？

2. 什么是属性？

3. 什么是方法？

4. 类和实例之间有什么区别？

5. 方法中实例引用通常用什么名字？

6. 什么是多态？

7. 什么是继承？

动手试一试

1.  为 BankAccount建立一个类定义。它应该有一些属性，包括账户名（一个字

符串）、账号（一个字符串或整数）和余额（一个浮点数），另外还要有一些

方法显示余额、存钱和取钱。

2.  建立一个可以挣利息的类，名为 InterestAccount。这应当是 BankAccount

的一个子类（所以会继承 BankAccount的属性和方法）。InterestAccount

还应当有一个对应利息率的属性，另外有一个方法来增加利息。为了力求简

单，假设每年会调用一次 addInterest()方法计算利息并更新余额。
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第 15 章

模　　块

这是讨论收集方式的最后一章。前面已经了解了列表、函数和对象，这一章中

我们将学习模块。下一章中，我们将使用一个名为 Pygame 的模块开始画一些图形。

15.1　什么是模块

模块就是某个东西的一部分。如果一个东西可以分为几部分，或者你可以很容

易地把它分解成多个不同部分，我们就说这个东西是模块化

的。乐高（LEGO）积木可能就是模块化最

好的例子。可以拿一堆不同的积木，用

它们搭建不同的东西。

在 Python 中，模块（module）是包

含在一个更大程序中的类似的部分。每个

模块或部分都是硬盘上的一个单独的文件。可

以把一个大程序分解为多个模块或文件。或者也可以反过来，从一个小的模块开始，

逐渐增加其他部分来建立一个大程序。

15.2　为什么使用模块

为什么要那么麻烦地把程序分解为较小的部分呢？要知道我们需要所有这些部

分才能让程序正常工作。为什么不直接把所有内容都放在一个大文件中呢？

原因有几个。

这样做文件会更小，因而就能更容易地查找代码。��

一旦创建模块，这个模块就能在很多程序中使用。这样下一次需要相同的功��
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能时就不必再从头开始了。

并不是所有模块都要使用。模块化意味着你可以使用各部分的不同组合来完��

成不同的任务，就像利用同样的一组乐高积木可以搭建不同的东西一样。

15.3　积木桶

在关于函数的第 13 章中，我们说过函数就像积木，那么模块可以认为是一桶积

木。根据需要，你可以从一个桶中取很多或者很少的积木，也可以有很多桶不同的

积木。也许有一桶正方形积木，一桶长方形积木 , 还有一桶奇形怪状的积木。程序员

通常也采用这种方法来使用模块，也就是说，他们会把类似的函数收集在一个模块

中。或者他们也有可能把一个项目需要的所有函数收集在一个模块中，就像你会把

搭城堡需要的所有积木都放在一个桶中一样。

15.4　如何创建模块

下面来创建模块。模块就是一个 Python 文件，类似代码清单 15-1 中给出的文件。

在一个 IDLE 编辑器窗口中键入代码清单 15-1 中的代码，把它保存为 my_module.py。

代码清单 15-1　创建一个模块

165 CHAPTER 15 Modules

� Once you create a module, you can use it in lots of programs. That saves you from 
starting all over again next time you need the same functions.

� You don’t always need to use all the modules together. Being modular means that you 
can use different combinations of the parts to do different jobs, just as you can make 
many different things out of the same set of LEGO blocks.

Buckets of blocks
In the chapter about functions (chapter 13), we said that functions are like building blocks. 
You can think of a module as a bucket of building blocks. You can have as few or as many 
blocks in a bucket as you want, and you can have many different buckets. Maybe you have 
one bucket for all the square blocks, one for the flat pieces, and one for all the odd-shaped 
blocks. That’s usually how programmers use modules—they collect similar kinds of func-
tions together in a module. Or they might collect all the functions they need for a project 
together in a module, just as you would gather all the blocks you need for a castle together 
in one bucket.

How do we create modules? 
Let’s create a module. A module is just a Python file, like the one in listing 15.1. Type the 
code in listing 15.1 in an IDLE editor window, and save it as my_module.py.

# this is the file "my_module.py"
# we're going to use it in another program
def c_to_f(celsius):
    fahrenheit = celsius * 9.0 / 5 + 32
    return fahrenheit

That’s it! You have just created a module! Your module has one function in it, the c_to_f() 
function, which converts a temperature from Celsius to Fahrenheit.

Next, we’ll use my_module.py in another program. 

Listing 15.1 Creating a module

就这么简单！这样就创建了一个模块！模块中只有一个函数，也就是 c_to_f()

函数，它会把温度从摄氏度转换为华氏度。

接下来我们在另一个程序中使用 my_module.py。

15.5　如何使用模块

要使用模块中的某个函数，首先必须告诉 Python 我们想要使用哪些模块。在程序
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中包含其他模块的 Python 关键字是 import。可以这样使用：

下面写一个程序来使用我们刚才编写的模块，这里我们想用 c_to_f() 函数完

成温度转换。

前面已经了解了如何使用函数并向它传递参数。这里惟一不同的是，函数与主

程序不在同一个文件中，而在另外的一个单独的文件中，所以必须使用 import。代

码清单 15-2 中的程序使用了我们刚才编写的模块 my_module.py。

代码清单 15-2　使用模块

166 Hello World!

How do we use modules? 
In order to use something that is in a module, we first have to tell Python which modules 
we want to use. The Python keyword that lets you include other modules in your program is 
import. You use it like this:

Let’s write a program that uses the module we just wrote. We’re going to use the c_to_f() 
function to do a temperature conversion.

We already saw how to use a function and pass parameters (or arguments) to it. The only 
difference here is that the function will be in a separate file from our main program, so we’ll 
have to use import. The program in listing 15.2 uses the module we just wrote, 
my_module.py.  

import my_module

celsius = float(raw_input ("Enter a temperature in Celsius: "))
fahrenheit = c_to_f(celsius)
print "That's ", fahrenheit, " degrees Fahrenheit"

Create a new IDLE editor window, and type in this program. Save it as modular.py, and then 
run it to see what happens. You will need to save it in the same folder (or directory) as 
my_module.py.

Did it work? You should have seen something like this:

It didn’t work! What happened? The error message says that the function c_to_f() isn’t 
defined. But we know it’s defined in my_module, and we did import that module.

The answer is that we have to be more specific in telling Python about functions that are 
defined in other modules. One way 
to fix the problem is to change the line

                                                                   to

Listing 15.2 Using a module

>>> ============================ RESTART ============================
>>>
Enter a temperature in Celsius: 34

Traceback (most recent call last):
  File "C:/local_documents/Warren/PythonBook/Sample programs/modular.py", 

line 3, in -toplevel-
    fahrenheit = c_to_f(celsius)
NameError: name 'c_to_f' is not defined

import my_module

my_module contains 
the c_to_f() function

fahrenheit = c_to_f(celsius)

fahrenheit = my_module.c_to_f(celsius)

my_module 包 含 c_to_f()
函数

>>> ========================= RESTART =========================

>>> 

Enter a temperature in Celsius: 34

Traceback (most recent call last):

  File "C:/MyPythonPrograms/modular.py", line 4, in <module>

    fahrenheit = c_to_f(celsius)

NameError: name 'c_to_f' is not defined

创建一个新的 IDLE 编辑器窗口，键入这个程序。保存为 modular.py，然后运行

这个程序，看看会发生什么。需要把它保存到 my_module.py 所在的同一个文件夹

（或目录）下。

能正常工作吗？应该会看到类似下面的结果：

程序不能正常工作！怎么回事？错误消息指出函数 c_to_f()没有定义。不过我

们很清楚前面已经在 my_module中定义了这个函数，而且我们确实已经导入了这个

模块。

出现这个问题的原因是，在 Python 中指定在其他模块中定义的函数时必须更加具

体。解决这个问题的一种方法是把这一行代码

改为

现在我们向 Python 特别指出：c_to_f()函数在 my_module模块中。做了这个

修改后再试着运行程序，看看能不能正常工作。

import my_module

fahrenheit = my_module.c_to_f(celsius)

fahrenheit = c_to_f(celsius)
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15.6　命名空间

什么是命名空间

假设在你们学校，你在 Morton 老师的班里，班里有个学生名叫 Shawn。现

在 Wheeler 老师教的那个班也有一个名叫 Shawn 的学生。如果你在自己的班里说

“Shawn 有一个新书包”时，你们班的所有人都会知道（或者至少他们会认为），你

指的是你们班的 Shawn。如果你想说另外那个班的 Shawn 就会说“Wheeler 老师班里

的 Shawn”或者“另外那个 Shawn”，或者其他类似的说法。

你们班里只有一个 Shawn，所以你说 Shawn 时，同班的同学就会知道你说的是

哪个人。换种说法来讲，在你们班的这个空间里，只有一个名字 Shawn。你们班就

是你的命名空间，在这个命名空间里只有一个 Shawn，所以不会有混淆。

还可以像这样从模
块导入某些特性：

看到了吧？可以使
用 from 导入模块

的某些部分。

>>> from time import sleep或 
>>> from pygame import display

卡特提到的内容与命名

空间（namespace）概念有关。

这个话题有点复杂，不过确实

需要知道，所以现在就来讨论

这个概念。

现在，如果校长必须通过学校的广播系统把 Shawn 叫到办公室，她不会说“请

Shawn 有一
个新书包！

图灵社区会员 FreeLink 专享 尊重版权



15.6　命名空间　　177

Shawn 到办公室来一趟”。如果她这样做，两个 Shawn 都会出现在他的办公室。对

于使用广播系统的校长来说，命名空间是整个学校。这说明，学校的每一个人都会

听到这个名字，而不只是一个班的同学。所以她必须更明确地指出她指的是哪一个

Shawn。她必须这样说：“请 Morton 老师班里的 Shawn 到办公室来一趟。”

请 Morton 老师
班里的 Shawn 到
办公室来一趟。

请 Morton 老师
班里的 Shawn 到
办公室来一趟。

请 Morton 老师
班里的 Shawn 到
办公室来一趟。

校长还可以用另一种方法找 Shawn，就是走到你们班门口说：“Shawn，请跟我

来。”这里只有一个 Shawn 听到，所以校长能找到真正要找的那个 Shawn。在这种情

况下，命名空间就只是一个教室，而不是整个学校。

一般来讲，程序员把较小的命名空间（比如你的教室）称作局部命名空间，而

较大的命名空间（如整个学校）称为全局命名空间。

Shawn，
请跟我来。
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John Young 学校

学校

导入命名空间

下面假设你们学校（John Young 学校）根

本没有一个名叫 Fred 的人。如果校长通过广

播系统想找 Fred，她肯定找不到这个人。现

在假设与你们学校同在一条街上的另一个学校

（Stephen Leacock 学校）正在进行部分校舍维修，

这个学校把一个班级临时搬到你们学校的活动

房里上课。在这个班里，恰好有一个学生名叫

Fred。不过这个活动房还没有连上广播系统。如

果校长找 Fred，肯定还是找不到。但是，如果

她把这个新的活动房连入广播系统，然后再找

Fred，就会找到 Stephen Leacock 学校的 Fred。

连 接 另 一 个 学 校 的 活 动 房 屋， 这 在 Python 中 就 像 导 入 一 个 模 块。 
导入了模块，就可以访问这个模块中的所有名字，包括所有变量、函数以及对象。

导入模块的含义与导入一个命名空间是一样的。导入模块时，就导入了命名空间。

导入命名空间（模块）有两种方法。可以这样做： import StephenLeacock

如果这样做，StephenLeacock仍然是一个单独的命名空间。你可以访问这个

命名空间，但是在使用之前必须明确地指定想要哪一个命名空间。所以校长必须这 
样做：

如果校长想找到 Fred，除了名字（Fred）外，她还必须给出命名空间（Stephen 

Leacock）。在前面的温度转换程序中就是这样做的。

为了让这个程序正常工作，我们写了这样一行代码：

请 Fred 到办
公室来一趟！

call_to_office(StephenLeacock.Fred)

169 CHAPTER 15 Modules

Will Fred 
please come 
to the office!

In general terms, programmers refer to smaller namespaces (like your classroom) as local 
namespaces and larger ones (like the whole school) as global namespaces.

Importing namespaces

Let’s assume that there’s nobody in your school, John 
Young School, named Fred. If the principal goes on the 
public address system and asks for Fred, she won’t get 
anyone. Now imagine that another school down 
the road, Stephen Leacock School, is having some 
repairs done, so one of their classes moves into a 
portable at your school. In that class, there’s a 
student named Fred. But that portable isn’t con-
nected to the public address system yet. If the 
principal calls for Fred, she won’t get anybody. 
But if she connects the new portable to the public 
address system and then calls for Fred, she will get 
the Fred from Stephen Leacock School.

Connecting the portable from the other school is like importing a module in Python. When 
you import a module, you have access to all the names in that module: all the variables, all 
the functions, and all the objects.

Importing a module means the same thing as importing a namespace. When you import 
the module, you import the namespace.

There are two ways to import a 
namespace (or module). You can do it like this:

If you do it that way, StephenLeacock is still a separate namespace. You have access to the 
namespace, but you have to specify which namespace you want before you use it. So the 
principal would have to do something like this:

She would still have to give the namespace (StephenLeacock) as well as the name (Fred) if 
she wanted to reach Fred. That’s what we did a few pages ago with our temperature-con-
version program. 
To make it work, we wrote this:

We specified the namespace (my_module) as well as the name of the function (c_to_f ).

The other way to import a namespace is like this:

import StephenLeacock

call_to_office(StephenLeacock.Fred)

fahrenheit = my_module.c_to_f(celsius)

from StephenLeacock import Fred

这里指定了命名空间（my_module）以及函数名（c_to_f）。

用 from 导入

导入命名空间的另一种方法是： from StephenLeacock import Fred

如果校长这样做，会把 StephenLeacock的名字 Fred包含到她的命名空间中，

现在就可以这样找到 Fred： call_to_office(Fred)

因为 Fred现在就在校长的命名空间中，所以她不必再去 StephenLeacock命名

空间找 Fred。
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在这个例子中，校长只是从 StephenLeacock把名字 Fred导入她的局部命名空

间中。如果她想导入所有人，可以这样做： from StephenLeacock import *

在这里，星号（*）表示全部。不过她必须当心，如果 Stephen Leacock 学校与

John Young 学校有同名的学生，就会出现混乱了。

太难了

到目前为止，你可能对命名空间的概念还是不太清楚。不用担心！通过完成后面

几章的例子，你会越来越明白。后面需要导入模块时，我都会清楚地解释要做什么。

15.7　标准模块

我们已经知道了如何创建和使用模块，是不是总是必须编写我们自己的模块？

并不是这样！这正是 Python 的妙处之一。

Python 提供了大量标准模块，可以用来完成很多工作，比如查找文件、报时

（或计时）、生成随机数，以及很多其他功能。有时，人们说 Python“配有电池”，指

的就是 Python 的所有标准模块。这称为 Python 标准库。

为什么这些内容必须放在单独的模块中呢？嗯，不是非得这样，不过设计

Python 的人认为这样会更高效。否则，每个 Python 程序都必须包含所有可能用到的

函数。通过建立单独的模块，就只需包含你真正需要的那些函数。

当然，有些内容（如 print、for和 if-else）是 Python 的基本命令，所以这

些基本命令不需要一个单独的模块，它们都在 Python 的主要部分中。

如果 Python 没有提供合适的模块来完成你想做的工作（如建立一个图形游戏），

可以下载另外一些插件模块，它们通常都是免费的！我们在这本书里就包含了一些

这样的插件模块，如果使用这本书网站上的安装程序，就会同时安装这些模块。或

者，你也完全可以单独安装。

下面来看几个标准模块。

time

利用 time模块，能够获取你的计算机时钟的信息，如

日期和时间。还可以利用它为程序增加延迟。（有时计算机动

作太快，你必须让它慢下来。）

time模块中的 sleep()函数可以用来增加一个延

迟，也就是说，可以让程序等待一段时间，什么也不做。

这就像让你的程序睡眠，正是这个原因，这个函数名叫
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sleep()。可以告诉它你要它睡多长时间（多少秒）。

代码清单 15-3 中的程序展示了 sleep()函数如何工作。键入这个程序，保存并

运行，看看会发生什么。

代码清单 15-3　让程序睡眠

171 CHAPTER 15 Modules

Time

The time module lets you get information from your computer’s 
clock, like the date and the time. It also lets you add delays to your 
programs. (Sometimes the computer does things too quickly, and 
you have to slow it down.)

The sleep() function in the time module is used to add a 
delay—that is, to make the program wait and do nothing for a 
while. It’s like putting your program to sleep, which is why the 
function is called sleep(). You tell it how many seconds you want it to sleep.

The program in listing 15.3 demonstrates how the sleep() function works. Try typing, 
saving, and running it, and see what happens.

import time
print "How",
time.sleep(2)
print "are",
time.sleep(2)
print "you",
time.sleep(2)
print "today?"

Notice that, when we called the sleep() function, we had to put time. in front of it. That’s 
because, even though we imported time, we didn’t make it part of the main program’s 
namespace. So every time we want to use the sleep() function, we have to call
time.sleep().

If we tried something like this,

it wouldn’t work, because sleep isn’t in our namespace. We’d get an error message 
like this:

But if you import it like this,

that tells Python, “Look for the variable (or function or object) named sleep in the time 
module, and include it in my namespace.” Now, we could use the sleep function without 
putting time. in front of it:

Listing 15.3 Putting your program to sleep

import time
sleep(5)

NameError: name 'sleep' is not defined

from time import sleep

from time import sleep
print 'Hello, talk to you again in 5 seconds...'
sleep(5)
print 'Hi again'

要注意，调用 sleep()函数时，必须在前面加上 time.。这是因为，尽管我们

已经用 import导入了 time，但是并没有让它成为主程序命名空间的一部分。所以

每次想要使用 sleep()函数时，都必须调用 time.sleep()。

如果试图这样做：

171 CHAPTER 15 Modules

Time

The time module lets you get information from your computer’s 
clock, like the date and the time. It also lets you add delays to your 
programs. (Sometimes the computer does things too quickly, and 
you have to slow it down.)

The sleep() function in the time module is used to add a 
delay—that is, to make the program wait and do nothing for a 
while. It’s like putting your program to sleep, which is why the 
function is called sleep(). You tell it how many seconds you want it to sleep.

The program in listing 15.3 demonstrates how the sleep() function works. Try typing, 
saving, and running it, and see what happens.

import time
print "How",
time.sleep(2)
print "are",
time.sleep(2)
print "you",
time.sleep(2)
print "today?"

Notice that, when we called the sleep() function, we had to put time. in front of it. That’s 
because, even though we imported time, we didn’t make it part of the main program’s 
namespace. So every time we want to use the sleep() function, we have to call
time.sleep().

If we tried something like this,

it wouldn’t work, because sleep isn’t in our namespace. We’d get an error message 
like this:

But if you import it like this,

that tells Python, “Look for the variable (or function or object) named sleep in the time 
module, and include it in my namespace.” Now, we could use the sleep function without 
putting time. in front of it:

Listing 15.3 Putting your program to sleep

import time
sleep(5)

NameError: name 'sleep' is not defined

from time import sleep

from time import sleep
print 'Hello, talk to you again in 5 seconds...'
sleep(5)
print 'Hi again'

这是不行的，因为 sleep()并不在我们的命名空间中。我们会得到这样一条错

误消息：

171 CHAPTER 15 Modules

Time

The time module lets you get information from your computer’s 
clock, like the date and the time. It also lets you add delays to your 
programs. (Sometimes the computer does things too quickly, and 
you have to slow it down.)

The sleep() function in the time module is used to add a 
delay—that is, to make the program wait and do nothing for a 
while. It’s like putting your program to sleep, which is why the 
function is called sleep(). You tell it how many seconds you want it to sleep.

The program in listing 15.3 demonstrates how the sleep() function works. Try typing, 
saving, and running it, and see what happens.

import time
print "How",
time.sleep(2)
print "are",
time.sleep(2)
print "you",
time.sleep(2)
print "today?"

Notice that, when we called the sleep() function, we had to put time. in front of it. That’s 
because, even though we imported time, we didn’t make it part of the main program’s 
namespace. So every time we want to use the sleep() function, we have to call
time.sleep().

If we tried something like this,

it wouldn’t work, because sleep isn’t in our namespace. We’d get an error message 
like this:

But if you import it like this,

that tells Python, “Look for the variable (or function or object) named sleep in the time 
module, and include it in my namespace.” Now, we could use the sleep function without 
putting time. in front of it:

Listing 15.3 Putting your program to sleep

import time
sleep(5)

NameError: name 'sleep' is not defined

from time import sleep

from time import sleep
print 'Hello, talk to you again in 5 seconds...'
sleep(5)
print 'Hi again'

不过如果这样导入：

171 CHAPTER 15 Modules

Time

The time module lets you get information from your computer’s 
clock, like the date and the time. It also lets you add delays to your 
programs. (Sometimes the computer does things too quickly, and 
you have to slow it down.)

The sleep() function in the time module is used to add a 
delay—that is, to make the program wait and do nothing for a 
while. It’s like putting your program to sleep, which is why the 
function is called sleep(). You tell it how many seconds you want it to sleep.

The program in listing 15.3 demonstrates how the sleep() function works. Try typing, 
saving, and running it, and see what happens.

import time
print "How",
time.sleep(2)
print "are",
time.sleep(2)
print "you",
time.sleep(2)
print "today?"

Notice that, when we called the sleep() function, we had to put time. in front of it. That’s 
because, even though we imported time, we didn’t make it part of the main program’s 
namespace. So every time we want to use the sleep() function, we have to call
time.sleep().

If we tried something like this,

it wouldn’t work, because sleep isn’t in our namespace. We’d get an error message 
like this:

But if you import it like this,

that tells Python, “Look for the variable (or function or object) named sleep in the time 
module, and include it in my namespace.” Now, we could use the sleep function without 
putting time. in front of it:

Listing 15.3 Putting your program to sleep

import time
sleep(5)

NameError: name 'sleep' is not defined

from time import sleep

from time import sleep
print 'Hello, talk to you again in 5 seconds...'
sleep(5)
print 'Hi again'

就会告诉 Python，“在 time模块中寻找名为 sleep的变量（或者函数或对象），把

它包含到我的命名空间中。”现在就可以直接使用 sleep()函数，而不需要再在前面

加上 time.了：

171 CHAPTER 15 Modules

Time

The time module lets you get information from your computer’s 
clock, like the date and the time. It also lets you add delays to your 
programs. (Sometimes the computer does things too quickly, and 
you have to slow it down.)

The sleep() function in the time module is used to add a 
delay—that is, to make the program wait and do nothing for a 
while. It’s like putting your program to sleep, which is why the 
function is called sleep(). You tell it how many seconds you want it to sleep.

The program in listing 15.3 demonstrates how the sleep() function works. Try typing, 
saving, and running it, and see what happens.

import time
print "How",
time.sleep(2)
print "are",
time.sleep(2)
print "you",
time.sleep(2)
print "today?"

Notice that, when we called the sleep() function, we had to put time. in front of it. That’s 
because, even though we imported time, we didn’t make it part of the main program’s 
namespace. So every time we want to use the sleep() function, we have to call
time.sleep().

If we tried something like this,

it wouldn’t work, because sleep isn’t in our namespace. We’d get an error message 
like this:

But if you import it like this,

that tells Python, “Look for the variable (or function or object) named sleep in the time 
module, and include it in my namespace.” Now, we could use the sleep function without 
putting time. in front of it:

Listing 15.3 Putting your program to sleep

import time
sleep(5)

NameError: name 'sleep' is not defined

from time import sleep

from time import sleep
print 'Hello, talk to you again in 5 seconds...'
sleep(5)
print 'Hi again'

如果想要得到这种将名字导入局部命名空间带来的方便（这样就无需每次都指

定模块名），但是又不知道需要模块中的哪些名字，就可以使用星号（*）把所有名

字都导入到我们的命名空间里： from time import *

*表示“全部”，这样就会从模块导入所有可用的名字。使用这个命令必须特别

当心。如果在我们的程序中创建了一个名字，而它与 time模块中的一个名字相同，

就会出现冲突。用 *导入所有名字不是最佳做法，最好只导入你真正需要的部分。
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还记得第 8 章代码清单 8-6 中的倒计时程序吗？现在你应该知道那个程序中

time.sleep(1)的作用了吧。

随机数

random模块用于生成随机数。这在游戏和仿真中非常有用。

下面试着在交互模式中使用 random模块：

172 Hello World!

If we want the convenience of importing names into the local namespace (so we don’t have 
to specify the module name every time), but we don’t know which names in the module 
we’ll need, we can use the star (*) to 
import all names into our namespace:

The * means all, so this imports all the available names from the module. We have to be 
careful with this one. If we create a name in our program that is the same as one in the time 
module, there will be a conflict. Importing with * isn’t the best way to do it. It’s better to 
only import the parts that you need.

Remember the countdown program we made in chapter 8 (listing 8.6)? Now you know what 
the line time.sleep(1) in that program was doing.

Random numbers

The random module is used for generating random numbers. This is very useful in games 
and simulations.

Let’s try using the random 
module in interactive mode:

Each time you use random.randint(), you get a new, random integer. Because we passed 
the arguments 0 and 100 to it, the integer will be between 0 and 100. We used ran-
dom.randint() in the number-guessing program in chapter 1 to create the secret number.

If you want a random decimal number, use random.random(). You don’t have to put any-
thing between the brackets, because random.random() always gives you a number between 
0 and 1.

If you want a random number between, say, 0 and 10, you can just multiply the 
result by 10.

from time import *

>>> import random
>>> print random.randint(0, 100)
4
>>> print random.randint(0, 100)
72

>>> print random.random()
0.270985467261
>>> print random.random()
0.569236541309

>>> print random.random() * 10
3.61204895736
>>> print random.random() * 10
8.10985427783

每次使用 random.randint()时，会得到一个新的随机整数。由于我们为它传

递的参数是 0 和 100，所以得到的整数会介于 0 到 100 之间。我们在第 1 章的猜数程

序中就是使用 random.randint()来创建秘密数。

如果你想得到一个随机的小数，可以使用 random.random()。不用在括号里放

任何参数，因为 random.random()总是会提供一个介于 0 到 1 之间的数：

172 Hello World!

If we want the convenience of importing names into the local namespace (so we don’t have 
to specify the module name every time), but we don’t know which names in the module 
we’ll need, we can use the star (*) to 
import all names into our namespace:

The * means all, so this imports all the available names from the module. We have to be 
careful with this one. If we create a name in our program that is the same as one in the time 
module, there will be a conflict. Importing with * isn’t the best way to do it. It’s better to 
only import the parts that you need.

Remember the countdown program we made in chapter 8 (listing 8.6)? Now you know what 
the line time.sleep(1) in that program was doing.

Random numbers

The random module is used for generating random numbers. This is very useful in games 
and simulations.

Let’s try using the random 
module in interactive mode:

Each time you use random.randint(), you get a new, random integer. Because we passed 
the arguments 0 and 100 to it, the integer will be between 0 and 100. We used ran-
dom.randint() in the number-guessing program in chapter 1 to create the secret number.

If you want a random decimal number, use random.random(). You don’t have to put any-
thing between the brackets, because random.random() always gives you a number between 
0 and 1.

If you want a random number between, say, 0 and 10, you can just multiply the 
result by 10.

from time import *

>>> import random
>>> print random.randint(0, 100)
4
>>> print random.randint(0, 100)
72

>>> print random.random()
0.270985467261
>>> print random.random()
0.569236541309

>>> print random.random() * 10
3.61204895736
>>> print random.random() * 10
8.10985427783

如果你想得到其他范围内的一个随机数，比如说 0 到 10 之间，只需要将结果乘

以 10：

172 Hello World!

If we want the convenience of importing names into the local namespace (so we don’t have 
to specify the module name every time), but we don’t know which names in the module 
we’ll need, we can use the star (*) to 
import all names into our namespace:

The * means all, so this imports all the available names from the module. We have to be 
careful with this one. If we create a name in our program that is the same as one in the time 
module, there will be a conflict. Importing with * isn’t the best way to do it. It’s better to 
only import the parts that you need.

Remember the countdown program we made in chapter 8 (listing 8.6)? Now you know what 
the line time.sleep(1) in that program was doing.

Random numbers

The random module is used for generating random numbers. This is very useful in games 
and simulations.

Let’s try using the random 
module in interactive mode:

Each time you use random.randint(), you get a new, random integer. Because we passed 
the arguments 0 and 100 to it, the integer will be between 0 and 100. We used ran-
dom.randint() in the number-guessing program in chapter 1 to create the secret number.

If you want a random decimal number, use random.random(). You don’t have to put any-
thing between the brackets, because random.random() always gives you a number between 
0 and 1.

If you want a random number between, say, 0 and 10, you can just multiply the 
result by 10.

from time import *

>>> import random
>>> print random.randint(0, 100)
4
>>> print random.randint(0, 100)
72

>>> print random.random()
0.270985467261
>>> print random.random()
0.569236541309

>>> print random.random() * 10
3.61204895736
>>> print random.random() * 10
8.10985427783

你学到了什么

在这一章，你学到了以下内容。

什么是模块。��

如何创建模块。��

如何在另一个程序中使用模块。��

什么是命名空间。��

局部和全局命名空间和变量是什么意思。��
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如何把其他模块中的名字包含到你的命名空间中。��

另外你还了解了几个 Python 标准模块的例子。

测试题

1. 使用模块有哪些好处？

2. 如何创建模块？

3. 使用模块时所用的 Python 关键字是什么？

4. 导入模块等同于导入一个 __________。

5.  要导入 time模块从而能访问这个模块中的所有名字（也就是所有变量、函数

和对象），有哪两种方法？

动手试一试

1.  编写一个模块，包含第 13 章“动手试一试”中的“用大写字母打印名字”函

数。然后编写一个程序导入这个模块，并调用这个函数。

2.  修改代码清单 15-2 中的代码，把 c_to_f()包含到主程序的命名空间里。也

就是说，修改这个代码，从而可以写：

 而不是

 

fahrenheit = c_to_f(celsius) 

fahrenheit = my_module.c_to_f(celsius)

3.  编写一个小程序，生成 1 到 20 之间的 5 个随机整数的列表，并打印出来。

4. 编写一个小程序，要求它工作 30 秒，每 3 秒打印一个随机小数。
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第 16 章

图　　形

你已经了解了计算机编程的很多基本要素：输入和输出、变量、判断、循环、列

表、函数、对象和模块。希望你能为掌握这些知识感到高兴！现在该利用 Python 和编程

做点更有意思的事情了。

这一章中，你会学习如何在屏幕上画图，比如直线、形状、颜色，还会谈到一

点动画。这会帮助我们在后面的几章中真正开发游戏和其他程序。

16.1　寻求帮助— Pygame
要让图形（和声音）在

你的计算机上起作用，这

可能有点复杂。这涉及操作

系统和你的图形卡，还需要

大量底层代码（目前我们还不想考虑这些代码）。所以我们将使用一个名为 Pygame
的 Python 模块来提供帮助，让问题更简单一些。

要让游戏在不同计算机和操作系统上都能工作，所需要的图形和其他内容都可以利

用 Pygame 来创建，而不必了解每个系统的烦琐细节。Pygame 是免费的，这本书提供了

Pygame 的一个版本。如果你使用这本书的安装程序来安装 Python，应该已经同时安装了

Pygame。否则，必须单独安装 Pygame，可以从 Pygame 网站（www.pygame.org）得到。

16.2　Pygame 窗口

开始绘制图形时首先需要建立一个窗口。代码清单 16-1 显示了一个非常简单的

程序，它只是创建了一个 Pygame 窗口。
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代码清单 16-1　创建一个 Pygame 窗口

175 CHAPTER 16 Graphics

That’s just like our 
first programs, 

although it wasn’t a 
problem then, because you 
could see the output in the 

IDLE window even after the 
program ran.

Pygame and IDLE

Remember when we used EasyGui to make our first GUI programs, and I mentioned that 
some people have trouble using EasyGui with IDLE? Well, the same goes for Pygame and 
IDLE. On my system, I can’t run some Pygame programs properly from IDLE. For the rest of 
this chapter, and for any other programs in the rest of the book that use Pygame, I recom-
mend you use SPE instead of IDLE, just like we did with EasyGui back in chapter 6.

The only thing you might have to do differently is use the Run in Terminal option (or Run in 
Terminal without arguments), instead of the normal Run option. Play around with it, experi-
ment, and I’m sure you’ll figure it out. That’s a big part of what programming is about—fig-
uring things out for yourself! 

A Pygame window
The first thing we need to do is make a window where we’ll start drawing our graphics. List-
ing 16.1 shows a very simple program that just makes a Pygame window.

import pygame
pygame.init()
screen = pygame.display.set_mode([640, 480])

Try running this program. What did you see? If you were looking closely, you might have 
seen a window (filled with black) pop on the screen very briefly. What’s up with that?

Well, Pygame is meant for making games. Games don’t just do things on their own—they 
have to interact with the player. So Pygame has something called an event loop that con-
stantly checks for the user doing something, like pressing keys or moving the mouse. 
Pygame programs need to keep the event loop running all the time, and as soon as the 

event loop stops, the program stops. In our first 
Pygame program, we didn’t start the event loop, 

so the program stopped very soon after it 
started.

That’s right. But in Pygame, the window 
only stays open while the program is running. So we

                        have to keep it running. 

Listing 16.1 Making a Pygame window 

试着运行这个程序。你看到了什么？取决于你使用的操作系统，你可能会看到

屏幕非常迅速地弹出了一个窗口（填充为黑色）。你也可能发现弹出的窗口无法关

闭。这是怎么回事？

嗯，Pygame 的作用就是为了建立游戏。游戏本身不做任何事情，只是与玩家交

互。所以 Pygame 有一个事件循环（event loop）不断检查用户在做什么，比如按键、

移动鼠标或关闭窗口。Pygame 程序需要有个事件循环一直运行。在我们的第一个

Pygame 程序中，并没有启动事件循环，所以程序没有正常运行。

要想保持 Pygame 事件循环一直运行，一种方法是使用 while循环。我们希望

这个循环可以随着程序的运行一直运行下去。因为 Pygame 程序通常没有菜单，所以

用户要关闭程序的话，需要使用窗口右上角的 ×（Windows），或者左上角的关闭按

钮（MacOS）。对 Linux 系统来说，关闭按钮的位置取决于使用的窗口管理器和 GUI
框架。但如果你在使用 Linux，我想你应该知道怎么关闭窗口。

下面的代码清单打开了一个 Pygame 窗口，并在用户关闭它之前一直保持运行状

态：

代码清单 16-2　使 Pygame 窗口正确工作

import pygame
pygame.init()
screen = pygame.display.set_mode([640, 480])
running  = True
while running:
    for event in pygame.event.get():
        if event.type == pygame.QUIT:
             running = False
pygame.quit()

运行以上代码，你会看到一个正常工作的 Pygame 窗口，该窗口会在你尝试关闭

时关闭。

while循环中的语句到底是如何工作的呢？它使用了 Pygame 的事件循环。但这

个话题我们留到第 18 章再讲，届时我们会讲解 Pygame 中的事件。
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16.3　在窗口中画图

现在我们有了一个 Pygame 窗口，在我们优雅地将它关闭之前它会一直打开。代

码清单 16-2 的第 3 行中的 [640, 480] 是窗口的大小，表示 640 像素宽、480 像素高。

下面就在这里面画一些图形。按照代码清单 16-4 修改你的程序。

代码清单 16-3　画一个圆

import pygame, sys

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255,255,255])               

pygame.draw.circle(screen, [255,0,0],[100,100], 30, 0) 

pygame.display.flip()                                     

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

用白色背景填
充窗口

增加这 3 行代码

画一个圆

把你的监视器翻过来……
开玩笑的，别当真！

图灵社区会员 FreeLink 专享 尊重版权



186　第 16 章　图　　形

什么是翻转

对于 Pygame 窗口中显示的所有内容，Pygame 中的显示对象（我们的显示对象

名为 screen，这在代码清单 16-3 的第 3 行创建）都会有这些内容的两个副本。这样

做的原因是，开始动画时，我们希望让动画尽可能流畅，速

度尽可能快。所以不必在每次对图形做一个小小的修改

时都更新显示，可以做很多修改后再“翻转”（flip）
到图形的新版本。这样就会一次显示所有这些修

改，而不是一个接一个地出现。这样一来，我

们就不会显示出只画了一半的圆（或外星人，

或者其他任何东西）。

可以把这两个副本当作一个“当前屏”和一个“下一屏”。当前屏就是我们现在

看到的，下一屏是完成“翻转”之后看到的。做完“下一屏”上的所有修改后，再

翻转到下一屏，就能看到这些改变。

如何建立一个圆

运行代码清单 16-3 中的程序时，应

该能看到如右图这样，靠近窗口左上角有

一个红色的圆。

毫不奇怪，pygame.draw.circle()

函数会画一个圆。必须告诉它以下 5 件事。

在哪个表面（surface）画这个圆。��

（在这里，要在第 3 行定义的表面

上画圆，名为 screen，这就是显

示表面。）

用什么颜色来画。（在这里要用红色，对应的值为 [255, 0, 0]。）��

在什么位置画。（在这里要位于 [100, 100]，这表示从左上角向下 100 像素再��

向右 100 像素的位置）。

圆的大小。（这里是 30，这是圆的半径，也就是圆心到外围边界的距离，单��

位是像素。）

线宽。（如果�� width = 0，圆是完全填充的，这里就采用了完全填充。）

下面再来更详细地学习这 5 个方面。
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我仔细看计算机屏幕时，
能看到这些小线条。是

它们分隔像素吗？

哇，你眼力真好！这些小线条实际上就是像素行。

一般的计算机屏幕可能有 768 行像素，每行有 1024 个

像素。我们就会说这个屏幕“分辨率是 1024×768”。
有些屏幕的像素更多，有些可能比这要少。

术语箱
像素（pixel）这个词是“图像元素”（picture element）的简写。这表示屏幕

上或图像中的一点。如果在一个图像浏览器中查看图片，充分放大（让图像非常

大），就可以看到单个的像素。下面是一张照片的正常视图和放大视图，在放大视

图中可以看到像素。

像素

Pygame 表面

在实际生活中如果我让你画一幅画，你可能会先问“我在哪儿画？”在 Pygame
中，我们要在一个表面上画图。显示表面就是我们在屏幕上看到的表面，也就是代码

清单 16-3 中的 screen。不过 Pygame 程序可以有多个表面，可以把图像从一个表面复

制到另一个表面。还可以对表面做一些处理，比如旋转表面或者调整它们的大小（让

它们更大或更小）。

前面提到过，显示表面有两个副本。按软件术语来讲，我们说显示表面是双缓

冲的（double-buffered）。正是因为这个原因，我们不会在屏幕上看到只画了一半的

形状和图像。我们会在缓冲区里画圆、外星人或者任何东西，然后“翻转”显示表

面，来显示已经完全绘制的图像。
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Pygame 中的颜色

Pygame 中使用的颜色系统是很多计算机语言和程序中通用的系统，称为 RGB。
这里的 R、G 和 B 分别代表红、绿和蓝。

你可能在自然课上已经学过，通过结合或混合光的三原色（红、绿和蓝）可

以得到任何颜色。计算机上也采用了同样的做法。每个颜色（红、绿和蓝）对应一

个从 0 到 255 的数。由一个包含 3 个整数的列表来给出颜色，每个数的范围在 0 到

255 之间。如果所有数都是 0，就没有任何颜色，这就是全黑，所以会得到黑色。如

果三个数都是 255，会将 3 种颜色以最大亮度混合在一起，这就是白色。如果颜色

是 [255, 0, 0]，这就是纯红色，没有绿色和蓝色。纯绿就是 [0, 255, 0]，纯蓝是 [0, 0, 
255]。如果所有 3 个数都一样，比如 [150, 150,150]，你会得到某种灰度。数字越小，

灰度就越深，数字越大，灰度就越浅。

颜色名

Pygame 提供了一个命名颜色列表，如果你不想使用 [R, G, B] 记法，就可以使用这些

命名颜色。定义好的颜色名有 600 多个。我不想在这里全部列出，不过如果你想看看到

底有哪些颜色，可以在你的硬盘上搜索一个名为 colordict.py 的文件，然后在文本编辑器

中打开这个文件。

如果你想使用这些颜色名，必须在程序最前面增加下面这行代码：

from pygame.color import THECOLORS

然后，使用某个命名颜色时，可以这样做（我们的画圆例子中就是这样做的）：

pygame.draw.circle(screen, THECOLORS["red"],[100,100], 30, 0)
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到底怎么回事？

为什么是 255 呢？每个三原色（红、绿、蓝）都有 0 到 255 共 256
个不同的值。256 这个数字有什么特别的呢？为什么不是 200、300 或

者 500 呢？

8 位总共正好能表示 256 个不同的值，也就是由 1 和 0 构成的

八位数的所有可能的组合。8 位也称为一个字节，字节是有自己

的地址的最小内存块。计算机就是利用地址来查找某段内存的。

这就像在街道上一样。你的房子或公寓有一个地址，不过

你的房间没有地址。房子就是街道上最小的“可寻址单位”。字

节则是计算机内存中最小的“可寻址单位”。

也可以用 8 位以上来表示每种颜色，不过，8 位之后可用的位数可能就到 16 位（2
个字节）了，因为不完整的字节使用起来会不太方便。事实证明，根据人眼识别颜色的方

式，用 8 位来表示实际可见的颜色完全足够了。

由于有 3 个值（红、绿、蓝），每个值有 8 位，总共就是 24 位，所以这种表示颜色

的方法也称为“24 位颜色表示法”。对每个像素使用 24 位，每个三原色分别使用 8 位。

如果你想试验一下，看看红色、绿色和蓝色如何结合来生成不同的颜色，可以

试试 colormixer.py 程序，运行本书的安装程序时会把这个程序放在 \examples 文件夹

下。利用这个程序，你可以尝试红、绿、蓝的任意组合，看看能得到什么颜色。

位置—屏幕坐标

如果想在屏幕上画个东西或者放上一个东西，需要指定这个东西应当放在屏幕

上的哪个位置。这里有两个数：一个对应 x 轴（水平方向），还有一个对应 y 轴（垂

直方向）。在 Pygame 中，这两个数从窗口左上角的 [0, 0] 坐标开始。

看到类似 [320, 240] 的一对数时，要知道第一个数表示水平方向，也

就是相对于左边界的距离。第二个数表示垂直方向，也就是相对于顶边

的距离。在数学和编程中，字母 x 通常用来表示水平距离，y 常用来表示

垂直距离。
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我们建立了一个 640
像素宽、480 像素高的窗

口。如果希望在窗口正中

间画圆，需要在 [320, 240]
上绘制。这个位置离左边

界 320 像 素， 离 上 边 界

240 像素。

下面尝试在窗口中间

画圆。运行代码清单 16-4
中的程序。

代码清单 16-4　把圆放在窗口中间

import pygame, sys

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

pygame.draw.circle(screen, [255,0,0],[320,240], 30, 0) 

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

将 [100, 100] 改为 [320, 240]

这里使用坐标 [320, 240] 作为圆心。把运行代码清单 16-3 的结果与运行代码清

单 16-4 时看到的结果做个比较，看看有什么差别。

形状大小

使用 Pygame 的 draw函数画形状时，必须指定形状的尺寸。对于圆来说，只有

一个尺寸，也就是半径。而像矩形之类的形状，则必须指定长和宽。

Pygame 有一种特殊的对象，名为 rect（这是“rectangle”（矩形）的简写），用

来定义矩形区域。rect要使用左上角坐标、宽和高来定义：

Rect(left, top, width, height)

这里同时定义了位置和大小。下面是一个例子：

my_rect = Rect(250, 150, 300, 200)
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这会创建一个矩形，它的左上角距离窗口左边界 250 像素，距离窗口上边界 150
像素，宽为 300 像素，高为 200 像素。下面来试试看。

用下面这行代码替换代码清单 16-4 中的第 5 行，看看结果是什么：

183 CHAPTER 16 Graphics

Size of shapes

When you use Pygame’s draw functions to draw shapes, you have to specify what size to 
make the shape. For a circle, there is only one size: the radius. For something like a rectan-
gle, you’d have to specify the length and width. 

Pygame has a special kind of object called a rect (short for “rectangle”) that is used for 
defining rectangular areas. You define a rect using the coordinates of its top-left corner 
and its width and height: 

This defines both the location 
and the size. Here’s an example:

This would create a rectangle where the top-left corner is 250 pixels from the left side of the 
window and 150 pixels down from the top of the window. The rectangle would be 300 pix-
els wide and 200 pixels high. Let’s try it and see.

Substitute this line for line 5 in listing 16.5 and see what it looks like:

The location and size of the rectangle can be a simple list (or tuple) of numbers or a Pygame 
Rect object. So you could also substitute the preceding line with two lines 
like this:

or

Here’s what the rectangle should look like. 
I added some dimensions to show you 
which numbers mean what:

Rect(left, top, width, height)

my_rect = Rect(250, 150, 300, 200)

Color of the 
rectangle

Location and size 
of the rectangle

Line width 
(or filled)

pygame.draw.rect(screen, [255,0,0], [250, 150, 300, 200], 0)

my_list = [250, 150, 300, 200]
pygame.draw.rect(screen, [255,0,0], my_list, 0)

my_rect = pygame.Rect(250, 150, 300, 200)
pygame.draw.rect(screen, [255,0,0], my_rect, 0)

矩形的颜色 线宽（或填充）矩形的位置和大小

矩形的位置和大小可以是一个简单的数字列表（或元组），也可以是一个

Pygame 的 Rect对象。所以还可以把前面一行替换为下面这两行代码：

183 CHAPTER 16 Graphics

Size of shapes

When you use Pygame’s draw functions to draw shapes, you have to specify what size to 
make the shape. For a circle, there is only one size: the radius. For something like a rectan-
gle, you’d have to specify the length and width. 

Pygame has a special kind of object called a rect (short for “rectangle”) that is used for 
defining rectangular areas. You define a rect using the coordinates of its top-left corner 
and its width and height: 

This defines both the location 
and the size. Here’s an example:

This would create a rectangle where the top-left corner is 250 pixels from the left side of the 
window and 150 pixels down from the top of the window. The rectangle would be 300 pix-
els wide and 200 pixels high. Let’s try it and see.

Substitute this line for line 5 in listing 16.5 and see what it looks like:

The location and size of the rectangle can be a simple list (or tuple) of numbers or a Pygame 
Rect object. So you could also substitute the preceding line with two lines 
like this:

or

Here’s what the rectangle should look like. 
I added some dimensions to show you 
which numbers mean what:

Rect(left, top, width, height)

my_rect = Rect(250, 150, 300, 200)

Color of the 
rectangle

Location and size 
of the rectangle

Line width 
(or filled)

pygame.draw.rect(screen, [255,0,0], [250, 150, 300, 200], 0)

my_list = [250, 150, 300, 200]
pygame.draw.rect(screen, [255,0,0], my_list, 0)

my_rect = pygame.Rect(250, 150, 300, 200)
pygame.draw.rect(screen, [255,0,0], my_rect, 0)

或者

183 CHAPTER 16 Graphics

Size of shapes

When you use Pygame’s draw functions to draw shapes, you have to specify what size to 
make the shape. For a circle, there is only one size: the radius. For something like a rectan-
gle, you’d have to specify the length and width. 

Pygame has a special kind of object called a rect (short for “rectangle”) that is used for 
defining rectangular areas. You define a rect using the coordinates of its top-left corner 
and its width and height: 

This defines both the location 
and the size. Here’s an example:

This would create a rectangle where the top-left corner is 250 pixels from the left side of the 
window and 150 pixels down from the top of the window. The rectangle would be 300 pix-
els wide and 200 pixels high. Let’s try it and see.

Substitute this line for line 5 in listing 16.5 and see what it looks like:

The location and size of the rectangle can be a simple list (or tuple) of numbers or a Pygame 
Rect object. So you could also substitute the preceding line with two lines 
like this:

or

Here’s what the rectangle should look like. 
I added some dimensions to show you 
which numbers mean what:

Rect(left, top, width, height)

my_rect = Rect(250, 150, 300, 200)

Color of the 
rectangle

Location and size 
of the rectangle

Line width 
(or filled)

pygame.draw.rect(screen, [255,0,0], [250, 150, 300, 200], 0)

my_list = [250, 150, 300, 200]
pygame.draw.rect(screen, [255,0,0], my_list, 0)

my_rect = pygame.Rect(250, 150, 300, 200)
pygame.draw.rect(screen, [255,0,0], my_rect, 0)

这就是最后得到的矩形。我增

加了一些尺寸标注来说明每个数字

分别表示什么含义。

注意这里只向 pygame.draw.rect传递了 4 个参数，因为 rect用一个参数就表

示了位置和大小。在 pygame.draw.circle中，位置和大小分别由两个不同的参数

表示，所以需要传递 5 个参数。

左 250

上 150
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Thinking like a (Pygame) programmer
Once you create a rectangle with Rect(left, top, width, 

height), there are several other attributes that you can 

use to move and align the Rect:

These are just for convenience. So, if you want 

to move a rectangle so that its center is at a 

certain point, you don’t have to figure out what 

the top and left coordinates should be; you can 

access the center location directly.

• the four edges: top, left, bottom, right

• the four corners: topleft, bottomleft, topright, bottomright

• the middle of each side: midtop, midleft, midbottom, midright

• the center: center, centerx, centery

• dimensions: size, width, height

p
rint >>

>
H ello 

if 

p
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t >>
>
H
ello if
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>
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p
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>
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像（Pygame）程序员一样思考

如果用 Rect(left, top, width, height)创建一个矩形，还可以

使用其他一些属性来移动和对齐这个 Rect：

4 条边�� ：top、left、bottom、right

4 个角 : �� topleft、bottomleft、topright、bottomright

每条边的中点：�� midtop、midleft、midbottom、midright

中心：�� center、centerx、centery

尺寸：�� size、width、height

这些属性只是为了提供方便。所以，如果你想移动一个矩形，

让它的中心位于某个点，不必得出上坐标和左坐标分别是什么；可

以直接访问中心位置。

线宽

画形状时最后需要指定的一点是线的粗细。在之前的例子中，我们使用的线宽

都是 0，这会填充整个形状。如果使用不同的线宽，会看到形状的轮廓。

试着把线宽改为 2：

184 Hello World!

Notice that we only pass four arguments to pygame.draw.rect. That’s because the rect has 
both location and size in a single argument. In pygame.draw.circle, the location and size 
are two different arguments, so we pass it five arguments.

Line width

The last thing we need to specify when drawing shapes is how thick to make the line. In the 
examples so far, we used the line width of 0, which fills in the whole shape. If we used a dif-
ferent line width, we’d see an outline of the shape. 

Try changing the line width to 2:

Try it and see how it looks. Try other line widths too.

Modern art? 

Want to try making some computer-generated modern art? Just for fun, try the code in 
listing 16.6. You can start with what you had from listing 16.5 and modify it, or just start 
from scratch.

pygame.draw.rect(screen, [255,0,0], [250, 150, 300, 200], 2)

#!/bin/env python # Paginate a text file, adding a header and footer i
m

port
 s

ys
, t

im
e,

 s
tr

i ng # 
If 

no
 a

rg
u

m
en

ts
 w

er e 
gi

ve
n,

 p
ri

n
t a

 h
elpful message if len(sys.argv)!=2: p r

int 'Usage: pyprint filenam e'sys.exit(0)class # Increment the

 page count, and reset the li n
e count self.header_written=

1 ; self.count=1 ; self.page=self.page+1PrinterForm
atter:self.header_written=0def 

Thinking like a (Pygame) programmer
Once you create a rectangle with Rect(left, top, width, 
height), there are several other attributes that you can 
use to move and align the Rect:

These are just for convenience. So, if you want 
to move a rectangle so that its center is at a 
certain point, you don’t have to figure out what 
the top and left coordinates should be; you can 
access the center location directly.

• the four edges: top, left, bottom, right

• the four corners: topleft, bottomleft, topright, bottomright

• the middle of each side: midtop, midleft, midbottom, midright

• the center: center, centerx, centery

• dimensions: size, width, height

pr
int >>>Hello if

 

pr
int >>>

Hello if 

pr
int >>>Hello if

 

Make this 2把它设置为 2

试试看有什么结果。再试试其他线宽。

现代艺术

想不想让计算机生成某种现代艺术？玩玩呗，试试代码清单 16-5。也可以在代

码清单 16-4 的基础上做些修改，或者干脆从头开始键入。

代码清单 16-5　使用 draw.rect实现艺术创作

import pygame, sys, random

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

for i in range (100):

    width = random.randint(0, 250)

    height = random.randint(0, 100)

    top = random.randint(0, 400)

    left = random.randint(0, 500)

    pygame.draw.rect(screen, [0,0,0], [left, top, width, height], 1)

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()
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import pygame, sys, random

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

for i in range (100):

    width = random.randint(0, 250)

    height = random.randint(0, 100)

    top = random.randint(0, 400)

    left = random.randint(0, 500)

    pygame.draw.rect(screen, [0,0,0], [left, top, width, height], 1)

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

运行这个程序，看看会得到什么。应该能得到如下图所示的结果：

你明白这个程序是怎么工作的吗？它会随机画 100 个大小不等、位置不同的矩

形。为了让它更有“艺术性”，再增加一些颜色，另外将线宽也设为随机，如代码清

单 16-7 所示。

代码清单 16-6　带颜色的现代艺术

import pygame, sys, random

from pygame.color import THECOLORS

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

for i in range (100):

    width = random.randint(0, 250); height = random.randint(0, 100)

    top = random.randint(0, 400); left = random.randint(0, 500)

    color_name = random.choice(THECOLORS.keys())   

    color = THECOLORS[color_name]    

    line_width = random.randint(1, 3)

    pygame.draw.rect(screen, color, [left, top, width, height], line_width)

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

现在不用操心这行代
码是如何工作的了
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import pygame, sys, random

from pygame.color import THECOLORS

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

for i in range (100):

    width = random.randint(0, 250); height = random.randint(0, 100)

    top = random.randint(0, 400); left = random.randint(0, 500)

    color_name = random.choice(THECOLORS.keys())   

    color = THECOLORS[color_name]    

    line_width = random.randint(1, 3)

    pygame.draw.rect(screen, color, [left, top, width, height], line_width)

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

运行这个程序时，每次你都会看到不同的东西。如果有看着不错的，可以给它起

个富有想象力的名字，比如“机器之声”，看看能不能把它卖到你们当地的美术馆 !

16.4　单个像素

有时我们并不想画一个圆或矩形，而是希望画单个的点或像素。比如，我们要

创建数学程序，想画一条正弦曲线。

如果你不知道什么是正弦曲线也不用担心。学

习本章的内容，只要知道这是一种波浪形的曲线就

可以了。

另外也不用担心后面几个示例程序中的数学公

式，按代码清单原样键入这些程序就行。这些公式

只是为了保证得到大小合适的波浪形状，能够放入

我们的 Pygame 窗口中。

.

嘿，伙计！这些正
弦曲线通常用来表
示声音。比如在 

音乐里。
我吗？我喜欢在
起伏的海浪上做

音乐。

由于没有 pygame.draw.sinewave()这种方法，所以我们必须利用单个的点来

画这样一条曲线。一种方法是画很小的圆或矩形（圆或矩形的大小只有一个或两个

像素）。代码清单 16-7 显示了用矩形画出来的曲线是什么样的。

代码清单 16-7　用大量很小的矩形画曲线

import pygame, sys

import math      

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])                                

for x in range(0, 640):  

    y = int(math.sin(x/640.0 * 4 * math.pi) * 200 + 240)    

    pygame.draw.rect(screen, [0,0,0],[x, y, 1, 1], 1)       

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

导入数学函数，包括 sin()

从左到右循环
（x = 0 到 639）
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import pygame, sys

import math      

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])                                

for x in range(0, 640):  

    y = int(math.sin(x/640.0 * 4 * math.pi) * 200 + 240)    

    pygame.draw.rect(screen, [0,0,0],[x, y, 1, 1], 1)       

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

计算每个点的 y
坐标（垂直坐标）

使用小矩形来画点

运行这个程序时会看到如右图所示

的结果。

每个点都是宽和高分别为 1 像素的

矩形。注意我们使用的线宽为 1，而不是

0。如果使用线宽 0，什么都不会显示，

因为这样一个矩形没有“中间部分”可

以填充。

连接多个点

如果你看得确实很仔细，可能会注意到，这个正弦曲线并不是连续的，中间的

点之间存在空格。这是因为，在正弦曲线比较陡的部分，我们必须上移（或下移）3
个像素而向右只移动 1 个像素。而且由于我们画的是单个的点，而不是线，所以没

有什么来填充它们之间的间隔。

下面还是做同样的工作，不过现在要用一条短线把各个点连接起来。Pygame 有

一个画线的方法，另外还有一种方法可以在一系列点之间画线（类似于“连接多个

点”）。这个方法是 pygame.draw.lines()，它需要下面这 5 个参数。

画线的表面（�� surface）。

颜色（�� color）。

是否要画一条线将最后一个点与第一个点相连接，使形状闭合（�� closed）。

我们不希望正弦曲线闭合，所以对我们来说，这个参数是 False。

要连接的点的列表（�� list）。

线宽（�� width）。

所以，在我们的正弦曲线例子中，pygame.draw.lines()方法是这样的：

pygame.draw.lines(screen, [0,0,0],False, plotPoints, 1)
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在 for循环中，并没有画出各个点，我们只是创建了 draw.lines()将要连接的点

列表。然后在 for循环之外调用一次 draw.lines()。整个程序如代码清单 16-8 所示。

代码清单 16-8　一条完美连接的正弦曲线

import pygame, sys

import math

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

plotPoints = []

for x in range(0, 640):

    y = int(math.sin(x/640.0 * 4 * math.pi) * 200 + 240)       

    plotPoints.append([x, y])

pygame.draw.lines(screen, [0,0,0],False, plotPoints, 1)      

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

计算每个点的 y 坐标

将各个点添加到列表

用 draw.lines() 函数画
出整条曲线

现在运行这个程序时，可以看到如右

图所示的曲线。

这就好多了，点与点之间不再有间

隔。如果把线宽增加到 2，看上去会更好，

如右图所示。
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再来连接多个点

还记得小时候玩过的连数字画图吗？这里给出一个 Pygame 版本。

代码清单 16-9 中的程序使用了 draw.lines()函数和一个点列表来创建图

形。要想看到这个神秘的图片，必须键入代码清单 16-9 中的程序。这一次没有捷

径可走！我们没有把这个程序包含在 \examples 文件夹中，如果你想看到这个神秘

的图片，就必须自己键入。不过键入所有这些数字可能有点乏味，所以你可以在

\examples 文件夹或网站上的一个文本文件中找到这个 dots 列表。

代码清单 16-9　连连看神秘图片

import pygame, sys

pygame.init()

dots = [[221, 432], [225, 331], [133, 342], [141, 310],

        [51, 230],  [74, 217],  [58, 153],  [114, 164],

        [123, 135], [176, 190], [159, 77],  [193, 93],

        [230, 28],  [267, 93],  [301, 77],  [284, 190], 

        [327, 135], [336, 164], [402, 153], [386, 217], 

        [409, 230], [319, 310], [327, 342], [233, 331],  

        [237, 432]]

        

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

pygame.draw.lines(screen, [255,0,0],True, dots, 2) 

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

这一次 
closed=True

逐点绘制

下面再来考虑逐点绘制。如果我们只想改变一个像素的颜色，画一个小圆或矩形

就会有点傻。你可以不使用 draw函数，而是利用 Surface.set_at()方法访问一个

表面上的单个像素。你要指出希望设置哪个像素，以及要设置成什么颜色：

screen.set_at([x, y], [0, 0, 0])

如果在我们的正弦曲线例子中使用这行代码（放在代码清单 16-7 的第 8 行），看

上去与使用 1 个像素宽的矩形画出的结果完全相同。

还可以用 Surface.get_at()方法检查一个像素设置为什么颜色。只需要传入
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你想要检查的那个像素的坐标，比如：pixel_color = screen.get_at([320, 

240])。在这个例子中，screen是表面的名字。

16.5　图像

在屏幕上画形状、线和单个像素只是制作图形的一种方式。有时我们还想用从

别处得来的图片、可能是数码照片、从网上下载的图片或者在图像编辑程序中创建

的图片。在 Pygame 中，使用图像最简单的方法就是利用 image函数。

下面来看一个例子。我们要显示一个图像，如果你用本书的安装程序安装了

Python，这个图像已经在你的硬盘上了。安装程序会在 \examples 文件夹中创建一个

images 子文件夹，这个程序中要使用的文件是 beach_ball.png。所以，如果你的系统是

Windows，你会在这里找到这个文件：

c:\Program Files\helloworld\examples\images\
beach_ball.png。

完成这些例子时，需要把 beach_ball.png 文

件复制到保存 Python 程序的同一位置上。这样

一来，程序运行时 Python 就能很容易地找到这

个文件。把 beach_ball.png 文件放在正确的位置

上后，键入代码清单 16-10 中的程序，试着运行

这个程序。

代码清单 16-10　在 Pygame 窗口中显示沙滩球图像

import pygame, sys

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

my_ball = pygame.image.load("beach_ball.png") 

screen.blit(my_ball, [50, 50])              

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

只有这几行代码是
新加的

如 果 没 有 使 用 这
本 书 的 安 装 程 序， 可
以 从 本 书 网 站（www.
helloworldbook2.com）下
载 beach_ball.png。
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运行这个程序时，会看到一个

沙滩球的图像显示在 Pygame 窗口

的左上角附近，如右图所示。

代码清单 16-10 中，只有第 5
行和第 6 行代码是新加的代码。所

有其他代码都在代码清单 16-3 到代

码清单 16-9 中见过。我们把先前例

子中的 draw代码替换为从硬盘加载

图像并显示图像的代码。

第 5 行 中，pygame.image.

load()函数从硬盘加载一个图像，并创建一个名为 my_ball的对象。my_ball对象

是一个表面（前面讨论过表面）。不过我们看不到这个表面，它只在内存中。我们唯

一能看到的表面是显示表面，名为 screen（这在第 3 行创建）。第 6 行把 my_ball

表面复制到 screen表面上。然后像前面一样，通过 display.flip()调用使它可见。

如果沙滩排球只
是原地不动，这
样我可玩不了！

没关系的，卡特。很快我们就可以移动这个球了！

你可能已经注意到代码清单 16-10 第 6 行有一个看上去很有趣的东西：screen.

blit()。blit是什么意思？请从“术语箱”找出答案。

在 Pygame 中，我们将像素从一个表面复制或块移到另一个表面，这里就是将像

素从 my_ball表面复制到 screen表面。
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术语箱
完成图形编程时，将像素从一个地方复制到另一个地方是很常见的（比如从变

量复制到屏幕，或者从一个表面复制到另一个表面）。像素复制在编程中有一个特

殊的名字，叫做块移（blitting）。我们说将一个图像（或图像的一部分，或者只是一

些像素）从一个地方“块移”到另一个地方。这只是“复制”的一种有趣的说法，

不过看到“块移”时，你就会知道复制的是像素而不是其他内容。

在代码清单 16-10 的第 6 行，我们把沙滩球图像块移到位置 50, 50，这表示距窗

口左边界 50 像素，距上边界 50 像素。处理 surface或 rect时，这会设置图像左上

角的位置。所以沙滩球的左边距离窗口左边界有 50 像素，沙滩球的顶边距离窗口上

边界也是 50 像素。

16.6　动起来

既然可以把图形放在 Pygame 窗口中，就让它动起来吧。没错，我们要做一些动

画了！计算机动画实际上就是把图像（像素组）从一个地方移动到另一个地方。下

面就来移动我们的沙滩球。

要移动沙滩球，就要改变它的位置。首先，先试着左右移动。为了确保能看到它

的运动，下面把它向右移动 100 像素。在指定位置的一对数中，第一个数对应左右方

向（水平方向），所以要向右移动 100 像素，需要把第一个数增加 100。我们还要加入

一个延迟，以便看到动画发生。

修改代码清单 16-10 的程序，改为代码清单 16-11（需要在 while循环前增加第 8、
9 和 10 行）。

代码清单 16-11　移动沙滩球

import pygame, sys

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

my_ball = pygame.image.load('beach_ball.png')

screen.blit(my_ball,[50, 50])

pygame.display.flip()

pygame.time.delay(2000)                     

screen.blit(my_ball,[150, 50])      

pygame.display.flip()                     

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

这是 3 行新代码
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运行这个程序，看看会发生

什么。球移动了吗？嗯，移动了一

点。你应该会看到两个沙滩球，如

右图所示。

第一个球仍然显示在原来的位

置上，然后几秒之后第二个沙滩球

出现在右侧。这说明我们确实把沙

滩球移到了右边，但却忘了一件

事：还要把第一个球擦掉！

16.7　动画

利用计算机图形做动画时，移动一个东西要完成两个步骤。

(1) 在新的位置上画出图形。

(2) 把原来的图形擦掉。

我们已经看到了第一部分。在新的位置画出了球。现在必须将原先位置的球擦

掉。不过“擦掉”到底是什么意思？

擦掉图像

如果在纸上或黑板上画画，可以很容易地擦掉，只需要一块橡皮或一个黑板

擦，对吗？不过，如果画的是一幅水彩画呢？假设你在画一幅蓝天的水彩画，然

后在蓝天里画上一只鸟。你怎么把这只鸟“擦掉”呢？水彩是擦不掉的。你必须

在鸟所在的位置上用水彩画上新的蓝天。

计算机图形就像水彩画，而不像铅笔画或粉笔画。要“擦掉”某个东西，你实际

要做的是把它“盖住”。但是用什么来盖住呢？对于蓝天水彩画，天是蓝的，所以要

用蓝色来覆盖小鸟。我们的背景是白色的，所以必须用白色覆盖沙滩球原来的图像。

让我们来试试看。按照代码清单 16-12 修改代码清单 16-11 中的程序。这里只需

要增加一行新代码。

代码清单 16-12　再来移动沙滩球

import pygame, sys

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

my_ball = pygame.image.load('beach_ball.png')

screen.blit(my_ball,[50, 50])

pygame.display.flip()

pygame.time.delay(2000)

screen.blit(my_ball, [150, 50])

pygame.draw.rect(screen, [255,255,255], [50, 50, 90, 90], 0)

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()
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pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

my_ball = pygame.image.load('beach_ball.png')

screen.blit(my_ball,[50, 50])

pygame.display.flip()

pygame.time.delay(2000)

screen.blit(my_ball, [150, 50])

pygame.draw.rect(screen, [255,255,255], [50, 50, 90, 90], 0)

pygame.display.flip()

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

这一行“擦掉”
第一个球

我们增加了第 10 行，在第一个沙滩球上画了一个白色矩形。沙滩球图形大约 90
像素宽 90 像素高，所以白色矩形的大小就是 90 像素宽、90 像素高。如果运行代码

清单 16-12 中的程序，看起来沙滩球会从它原来的位置移到新位置。

底下有什么

用我们的白色背景（或水彩画中的蓝天）覆盖是很容易的。不过如果在一个有

云的天空里画了一只鸟，又怎么办呢？或者如果背景上有树呢？这种情况下，就必

须用云或树覆盖鸟来把它擦掉。这里的重点是：你必须知道背景上有什么，也就是

在你的图像“底下”是什么，因为移动图像时，必须放回或者重绘这个位置上原来

的背景。

对于我们的沙滩球例子来说，这相当容易，因为背景只有白色。不过如果背景

是一个沙滩场景，就会困难得多。不只是涂上白色，我们必须画出正确的背景图像

部分。还有一个选择是重绘整个场景，然后把沙滩球放在它的新位置上。

16.8　更流畅的动画

目前为止，我们已经让球移动了一次！下面来看能不能用一种更逼真的方式让

它移动。在屏幕上完成动画时，最好按小步移动，这样运动看起来是流畅的。下面

试试用更小的步移动沙滩球。

我们并不只是让每一步更小，还要增加一个循环来移动沙滩球（因为我们希望建

立很多小步）。在代码清单 16-12 的基础上编辑代码，改为代码清单 16-13 所示的程序。

如果运行这个程序，应该能看到沙滩球从原先的位置一直移动到窗口的右边。
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代码清单 16-13　流畅地移动沙滩球图像

import pygame, sys

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

my_ball = pygame.image.load('beach_ball.png')

x = 50       

y = 50                

screen.blit(my_ball,[x, y])                                      

pygame.display.flip()                                            

for looper in range (1, 100):

    pygame.time.delay(20)                                        

    pygame.draw.rect(screen, [255,255,255], [x, y, 90, 90], 0)   

    x = x + 5                

    screen.blit(my_ball, [x, y])                                 

    pygame.display.flip()

    

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

增加这几行代码

开始一个 for 循环

使用 x 和 y（而 
不是数字）

把 time.delay 值从 2000
改变为 20

让球一直移动

在前面的程序中，球一直移动到窗口右边，然后停下来。现在我们来让球一直

移动下去。

如果只是增加 x会发生什么？随着 x值的增加，沙滩球会一直右移。不过我

们的窗口（显示表面）在 x = 640时就到头了。所以球会消失。试着把代码清单

16-13 第 10 行中的 for循环改为： for looper in range (1, 200):

现在循环运行次数是原先的两倍，球会从边界消失！如果希望继续看到球，有

两个选择。

让球从窗口边界反弹。��

让球重新翻转到窗口的另一边。��

下面来看如何实现这两种做法。

16.9　让球反弹

如果想让球看起来会在窗口的边界反弹，就要知道它什么时候“碰到”窗口边界，然

后让它朝反方向移动。如果想让球一直来回移动，就要在窗口左右两边都做同样的处理。

在左边界，这很容易，因为我们只需要检查球的位置是不是等于 0（或者某个很

小的数）。
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在右边界，就要查看球的右边界是不是在窗口的右边界上。不过，球的位置是

按它的左边界（左上角）而不是右边界设置的。所以必须减去球的宽度：

球向窗口右边移动时，位置达到 550 时要将它反弹（让它朝反方向移动）。

球的位置是它的 rect 的左上角

640 px

550 px  90 px

为了让事情变得简单一些，我们要对代码做一些修改。

我们希望球永远来回反弹（或者直到我们关闭 Pygame 窗口）。因为已经有了一��

个 while循环，只要窗口打开，这个 while循环就一直运行，所以我们要把

显示球的代码移到这个循环内部（这就是程序最后一部分中的 while循环）。

并不总是将球的位置增加 5，我们会建立一个新变量�� speed，用来确定每次迭

代时以多快的速度移动球。我还打算把这个值设置为 10，让球稍稍加快速度。

新代码见代码清单 16-14。

代码清单 16-14　让沙滩球反弹

import pygame, sys

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

my_ball = pygame.image.load('beach_ball.png')

x = 50

y = 50

x_speed = 10 

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

    

    pygame.time.delay(20)

    pygame.draw.rect(screen, [255,255,255], [x, y, 90, 90], 0)          

    x = x + x_speed                                                 

    if x > screen.get_width() - 90  or  x < 0:                    

        x_speed = - x_speed                                         

    screen.blit(my_ball, [x, y])                                        

    pygame.display.flip()                                               

pygame.quit()

这是 speed 变量

当球碰到窗口的 
任意一边…

改变速度的符号（从正变成负，或者
从负变成正），使方向反转

197 CHAPTER 16 Graphics

import pygame, sys
pygame.init()
screen = pygame.display.set_mode([640,480])
screen.fill([255, 255, 255])
my_ball = pygame.image.load('beach_ball.png')
x = 50
y = 50
x_speed = 10

while True:
    for event in pygame.event.get():
        if event.type == pygame.QUIT: 
            sys.exit()

    pygame.time.delay(20)
    pygame.draw.rect(screen, [255,255,255], [x, y, 90, 90], 0)
    x = x + x_speed
    if x > screen.get_width() - 90  or  x < 0:
        x_speed = - x_speed
    screen.blit(my_ball, [x, y])
    pygame.display.flip()

The key to bouncing the ball off the sides of the window is lines 18 and 19. In line 18 (if x 
> screen.get_width() - 90 or x < 0:), we detect whether the ball is at the edge of the 
window, and if it is, we reverse its direction in line 19 (x_speed = - x_speed).

Try this and see how it works.

Bouncing in 2-D

So far, we only have the ball moving back and forth, or one-dimensional motion. Now, let’s 
get it moving up and down at the same time. To do this, we only need a few changes, as 
shown in listing 16.16.

import pygame, sys
pygame.init()
screen = pygame.display.set_mode([640,480])
screen.fill([255, 255, 255])
my_ball = pygame.image.load('beach_ball.png')
x = 50
y = 50
x_speed = 10
y_speed = 10

while True:
    for event in pygame.event.get():

Listing 16.15 Bouncing a beach ball

Listing 16.16 Bouncing a beach ball in 2-D

. . . reverse direction, by making 
speed the opposite sign

Here’s the 
speed variable

When ball hits either 
edge of the window . . .

Put the ball-
display code 
here, inside the 
while loop

Add code for y-speed 
(vertical motion)

把显示球的代码放
在这里，也就是
while 循环内部
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让球在窗口两边反弹的关键是第 19 行和第 20 行。通过第 19 行的代码（if x> 

screen.get_width()-90orx<0:），检查球是否在窗口边界上，如果是，就在第 20
行让它的方向反转（x_speed=-x_speed）。

试试看效果怎么样。

在 2D 空间中反弹

到目前为止，我们只是让球来回移动，或者说这只是一个方向上的运动。现在，让

它同时还会上下移动。为达到这个目的，只需要再做一些修改，如代码清单 16-15 所示。

代码清单 16-15 　在 2D 空间中让沙滩球反弹

import pygame, sys

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

my_ball = pygame.image.load('beach_ball.png')

x = 50

y = 50

x_speed = 10

y_speed = 10        

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

    pygame.time.delay(20)

    pygame.draw.rect(screen, [255,255,255], [x, y, 90, 90], 0)  

    x = x + x_speed

    y = y + y_speed 

    if x > screen.get_width() - 90  or  x < 0:

        x_speed = - x_speed

    if y > screen.get_height() - 90 or y < 0:               

        y_speed = -y_speed                                  

    screen.blit(my_ball, [x, y])

    pygame.display.flip()

pygame.quit()

为 y-speed 增加代码 
（垂直运动）

为 y-speed 增加代码 
（垂直运动）

让球在窗口的顶边 
或底边反弹

我们在前面的程序中增加了第 9 行（y_speed=10）、第 18 行（y=y+y_speed）、第

21 行（ify> screen.get_height()-90ory<0:）和第 22 行（y_speed=-y_speed）。

现在试试看效果怎么样！

如果想让球慢下来，有几种方法可以做到。

可以减少速度变量（�� x_speed和 y_speed）。这会减少每一个动画步中球移动

的距离，所以运动也会更流畅。
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还可以增加延迟设置。在代码清单 16-15 中，延迟是 20。这是以毫秒为单��

位，也就是千分之一秒。所以每次循环时，程序会等待 0.02 秒。如果增加这

个数值，运动会变慢。如果减少这个数值，运动就会加速。

可以试着改变速度和延迟来看最后的效果。

16.10　让球翻转

现在来看让球一直移动的第二种选择。不是让它在屏幕边界反弹，而是让它翻

转。这表示，球在屏幕右边界消失时，又会在左边界重新出现。

为了让问题更简单一些，我们先来看只是水平移动球的情况。程序见代码清单

16-16。

代码清单 16-16　利用翻转移动沙滩球图像

import pygame, sys

pygame.init()

screen = pygame.display.set_mode([640,480])

screen.fill([255, 255, 255])

my_ball = pygame.image.load('beach_ball.png')

x = 50

y = 50

x_speed = 5

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

    pygame.time.delay(20)

    pygame.draw.rect(screen, [255,255,255], [x, y, 90, 90], 0)

    x = x + x_speed

    if x > screen.get_width():           

        x = 0

    screen.blit(my_ball, [x, y])

    pygame.display.flip()

pygame.quit()

如果球在最右边……

……重新从左边开始

第 17 行（ifx>screen.get_width():）和第 18 行（x=0）中，我们检查球什

么时候达到窗口的右边界，并把它移回（或者翻转）到左边界。

你可能注意到了，球在右边出现时，它会 “突然跳到”[0, 50]。可能更自然的做

法是从屏幕后面“滑入”。把第 18 行（x=0）改为 x=-90，再看看是不是有差别。
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你学到了什么

哇 ! 这一章内容真多！在这里，你学习了以下内容。

如何使用 Pygame。��

如何创建图形窗口并在其中画一些形状。��

如何设置计算机图片中的颜色。��

如何把图像复制到图形窗口。��

如何完成图像动画，包括将图像移动到新位置时还要从原位置“擦掉”。��

如何让沙滩球在窗口中“反弹”。��

如何让沙滩球在窗口中“翻转”。��

测试题

1. RGB 值 [255, 255, 255] 会得到什么颜色？

2. RGB 值 [0, 255, 0] 会得到什么颜色？

3. 使用哪个 Pygame 方法来画矩形？

4. 使用哪个 Pygame 方法来画线将多个点连接在一起？

5. “像素”是什么意思？

6. 在 Pygame 窗口中，位置 [0, 0] 在哪里？

7.  如果 Pygame 窗口宽为 600 像素，高为 400 像素，下图中哪个字母位于位置

[50, 200] ？

600

400

A

B

D

E FC

8. 图中哪个字母位于位置 [300, 50] ？
9. 使用哪个 Pygame 方法可以将图像复制到表面（如显示表面）？

10. “移动”一个图像或完成动画时有哪两个主要步骤？
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动手试一试

1.  我们讨论了画圆和矩形。Pygame 还提供了一些方法来画直线、弧、椭圆和多

边形。试着在程序中使用这些方法画一些其他形状。

可以在 Pygame 文档（www.pygame.org/docs/ref/draw.html）中了解这些方法

的更多信息。如果你不能上网，在你的硬盘上也可以找到这个文档（已经随

Pygame 安装），但可能很难找到。可以搜索硬盘寻找一个名为 pygame_draw.
html 的文件。

也可以使用 Python 的帮助系统（我们在第 6 章的最后讨论过）。有一点是

SPE 做不到的，它没有提供一个交互 shell，所以要启动 IDLE，键入下面的命

令：

200 Hello World!

7 If a Pygame window is 600 pixels wide by 400 pixels high, what letter in the diagram 
below is at [50, 200]? 

8 What letter in the diagram is at location [300, 50]?

9 What Pygame method is used to copy images to a surface (like the display surface)?

10 What are the two main steps when you’re “moving” or animating an image?

Try it out
1 We talked about drawing circles and rectangles. Pygame also has methods to draw 

lines, arcs, ellipses, and polygons. Try using these to draw some other shapes in a 
program.

You can find out more about these methods in the Pygame documentation, at
www.pygame.org/docs/ref/draw.html. If you don’t have Internet access, you can also
find it on your hard drive (it’s installed with Pygame), but it can be hard to find. Search
your hard drive for a file called pygame_draw.html. 

You can also use Python’s help system (which we talked about at the end of chapter 6).
One thing SPE doesn’t have is an interactive shell that works, so start IDLE and type
the following:

You’ll get a list of the different draw methods and some explanation for each one.

2 Try changing one of the sample programs that uses the beach ball image to use a dif-
ferent image. You can find some sample images in the \examples\images folder, or 
you can download or draw one of your own. You could also use a piece of a digital 
photo.

600

400

A

B

D

E FC

>>> import pygame
>>> help()
help> pygame.draw

你会得到一个列表，其中会列出不同的绘制方法以及每种方法的一些解释。

2.  试着修改使用沙滩球图像的示例程序，来使用不同的图像。可以在

\examples\images 文件夹中找到一些示例图像，或者可以下载或自己画图像，

还可以使用数码照片。

3.  试着改变代码清单 16-15 或代码清单 16-16 中的 x_speed和 y_speed值，让

球移动得更快或更慢，并在不同方向上移动。

4. 试着修改代码清单 16-15，让球在隐形的墙或地板（不是窗口边界）上反弹。

5.  在代码清单 16-5 到代码清单 16-9 中（现代艺术、正弦曲线和神秘图片程序），

试着把 pygame.display.flip 代码行移到 while循环中。为此，只需加 4 个

空格缩进。在这行代码后面（仍然在 while循环内部），用下面这行代码增加

一个延迟，看看会发生什么：

pygame.time.delay(30)
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第 17 章

动画精灵和碰撞检测

在这一章中，我们将继续使用 Pygame 完成动画。这里会介绍一种动画精灵，它

们能帮助我们跟踪屏幕上移动的大量图像。我们还会了解如何检测两个图像相互重

叠或碰撞，比如球碰到球拍或者飞船碰到小行星。

17.1　动画精灵

从上一章我们已经了解到，看似简单的动画实际上并不简单。如果有大量图像

在四处移动，要想跟踪每个图像“底下”有些什么，以便在移动图像时能够重绘，

这可能要费很大的功夫。在我们的第一个沙滩球例子中，由于背景是白色的，所以

更容易一些。不过你也可以想象，倘若背景上有一些图形，这肯定会复杂得多。

幸运的是，Pygame 可以为我们提供额外的帮助。四处移动的单个图像或图像部

分称为动画精灵（sprite），Pygame 有一个特殊的模块来处理动画精灵。利用这个模

块，我们可以更容易地移动图形对象。

在上一章中，我们让一个沙滩球在屏幕上反弹。如果希望一堆沙滩球都反弹

呢？当然可以编写代码来单独地管理各个球，不过我们不会去这样做，而是使用

Pygame 的 sprite模块，这样更简单一些。
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什么是动画精灵

可以把动画精灵想成一个小图片—一种可以在屏幕上移动的图形对象，并且

可以与其他图形对象交互。

大多数动画精灵都有以下两个基本属性。

图像（image）：为动画精灵显示的图片。��

矩形区（rect）：包含动画精灵的矩形区域。��

动画精灵的图像可以是使用 Pygame 绘制函数绘制的图像（如上一章看到的图

像），也可以是原来就有的图像文件。

Sprite类

Pygame 的 sprite模块提供了一个动画精灵基类，名为 Sprite。（还记得几

章前讨论过的对象和类吗？）正常情况下，我们不会直接使用基类，而是基于

pygame.sprite.Sprite来创建自己的子类。下面将完成这样一个例子，并把我们

的类命名为 MyBallClass。创建这个类的代码如下：

术语箱
动画精灵表示作为一个单位来移动和显示的一组像素，这是一种图形对象。

“‘动画精灵’（sprite）这个词是从老式的计算机和游戏机流传下来的。这些

老式的游戏机不能很快地绘制和擦除图形来保证游戏正常工作。这些游戏机有一些

特殊的硬件，专门用来处理需要快速移动的游戏类对象。这些对象就称为‘动画精

灵’。它们有一些特殊的限制，不过可以非常快地绘制和更新……如今，一般来讲，

计算机的速度已经足够快了，不需要专门的硬件也可以很好地处理类似动画精灵的

对象。不过‘动画精灵’这个词仍用来表示二维（2D）游戏中的所有动画对象。”

( 摘自 Pete Shinners 的“Pygame 教程—Sprite 模块介绍”，http://www.pygame.org/

docs/tut/SpriteIntro.html。）

203 CHAPTER 17 Sprites and Collision Detection

What’s a sprite?

Think of a sprite as a little piece of graphics—a kind of graphical object that will move 
around the screen and interact with other graphical objects.

Most sprites have a couple of basic properties:

� an image—the graphics that are displayed for the sprite
� a rect—the rectangular area that contains the sprite

The image can be one that you draw using Pygame’s draw functions (like we saw in the last 
chapter) or one that you get from an image file.

A sprite class

Pygame’s sprite module provides a base sprite class called Sprite. (Remember when we 
talked about objects and classes a couple of chapters ago?) Normally we don’t use the base 
class directly, but instead create our own subclass, based on pygame.sprite.Sprite. We’ll 
do that in an example and call our class MyBallClass. The code to create it looks like this:

class MyBallClass(pygame.sprite.Sprite):
    def __init__(self, image_file, location):
        pygame.sprite.Sprite.__init__(self)
        self.image = pygame.image.load(image_file)
        self.rect = self.image.get_rect()
        self.rect.left, self.rect.top = location

Sprite means a group of pixels that are moved and displayed as 
a single unit, a kind of graphical object. 

(excerpted from "Pygame Tutorials - Sprite Module Introduction" 

by Pete Shinners http://www.pygame.org/docs/tut/SpriteIntro.html)

The term ‘sprite’ is a holdover from older computer and game 

machines. These older boxes were unable to draw and erase normal 

graphics fast enough for them to work as games. These machines had 

special hardware to handle game-like objects that needed to animate 

very quickly. These objects were called ‘sprites’ and had special 

limitations, but could be drawn and updated very fast . . . These 

days computers have become generally fast enough to handle sprite-

like objects without dedicated hardware. The term ‘sprite’ is still 

used to represent just about anything in a 2D game that is animated.

Initializes the sprite

Loads an image file into it

Gets the rectangle that defines 
the boundaries of the image

Sets the initial 
location of the ball

初始化动画精灵

向其中加载图像文件

设置球的初始位置

得到定义图像边界的矩形
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要仔细分析这些代码的最后一行。location是一个 [x, y] 位置，这是个包含两

个元素的列表。因为 =号的一边是包含两个元素的列表（x和 y），所以可以在另一

边赋两个值。这里我们为动画精灵矩形的 left和 top属性赋值。

既然已经定义了 MyBallClass，接下来必须创建它的一些实例。（要记住，类定义

只是一个蓝图；现在必须动手盖房子。）我们仍然需要和上一章同样的代码来创建 Pygame 
窗口，另外还要在屏幕上创建一些球，按行列摆放。这要利用一个嵌套循环来完成：
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The last line in this code is worth taking a closer look at. location is an [x, y] location, which 
is a list with two items. Because we have a list with two items on one side of the = sign (x 
and y), we can assign two things on the other side. Here, we assigned the left and top 
attributes of the sprite’s rectangle. 

Now that we have defined MyBallClass, we have to create some instances of it. (Remem-
ber, the class definition is just a blueprint; now we have to build some houses.) We still 
need the same code we used in the last chapter to create a Pygame window. We’re also 
going to create some balls on the screen, arranged in rows and columns. We’ll do that 
with a nested loop:

We also need to blit the balls to the display surface. (Remember that funny word, blit? We 
talked about it in the last chapter.)

Putting it all together, our program is shown in listing 17.1.

import sys, pygame

class MyBallClass(pygame.sprite.Sprite):
    def __init__(self, image_file, location):
        pygame.sprite.Sprite.__init__(self)  #call Sprite initializer
        self.image = pygame.image.load(image_file)
        self.rect = self.image.get_rect()
        self.rect.left, self.rect.top = location

size = width, height = 640, 480
screen = pygame.display.set_mode(size)
screen.fill([255, 255, 255])                             
img_file = "beach_ball.png"
balls = []
for row in range (0, 3):
    for column in range (0, 3):
        location = [column * 180 + 10, row * 180 + 10]
        ball = MyBallClass(img_file, location)
        balls.append(ball)
for ball in balls:
    screen.blit(ball.image, ball.rect)
pygame.display.flip()    

img_file = "beach_ball.png"
balls = []
for row in range (0, 3):
    for column in range (0, 3):
        location = [column * 180 + 10, row * 180 + 10]
        ball = MyBallClass(img_file, location)
        balls.append(ball)              Collect the balls in a list

Listing 17.1 Using sprites to put multiple ball images on the screen

Makes the location different 
each time through the loop

Creates a ball 
at that location

for ball in balls:
    screen.blit(ball.image, ball.rect)
pygame.display.flip()

Defines ball 
subclass

Sets window size

Adds balls to a list

204 Hello World!

The last line in this code is worth taking a closer look at. location is an [x, y] location, which 
is a list with two items. Because we have a list with two items on one side of the = sign (x 
and y), we can assign two things on the other side. Here, we assigned the left and top 
attributes of the sprite’s rectangle. 

Now that we have defined MyBallClass, we have to create some instances of it. (Remem-
ber, the class definition is just a blueprint; now we have to build some houses.) We still 
need the same code we used in the last chapter to create a Pygame window. We’re also 
going to create some balls on the screen, arranged in rows and columns. We’ll do that 
with a nested loop:

We also need to blit the balls to the display surface. (Remember that funny word, blit? We 
talked about it in the last chapter.)

Putting it all together, our program is shown in listing 17.1.

import sys, pygame

class MyBallClass(pygame.sprite.Sprite):
    def __init__(self, image_file, location):
        pygame.sprite.Sprite.__init__(self)  #call Sprite initializer
        self.image = pygame.image.load(image_file)
        self.rect = self.image.get_rect()
        self.rect.left, self.rect.top = location

size = width, height = 640, 480
screen = pygame.display.set_mode(size)
screen.fill([255, 255, 255])                             
img_file = "beach_ball.png"
balls = []
for row in range (0, 3):
    for column in range (0, 3):
        location = [column * 180 + 10, row * 180 + 10]
        ball = MyBallClass(img_file, location)
        balls.append(ball)
for ball in balls:
    screen.blit(ball.image, ball.rect)
pygame.display.flip()    

img_file = "beach_ball.png"
balls = []
for row in range (0, 3):
    for column in range (0, 3):
        location = [column * 180 + 10, row * 180 + 10]
        ball = MyBallClass(img_file, location)
        balls.append(ball)              Collect the balls in a list

Listing 17.1 Using sprites to put multiple ball images on the screen

Makes the location different 
each time through the loop

Creates a ball 
at that location

for ball in balls:
    screen.blit(ball.image, ball.rect)
pygame.display.flip()

Defines ball 
subclass

Sets window size

Adds balls to a list

我们还需要把球块移到显示表面。 （还记得那个好玩的词“块移”吗？我们在上一

章讨论过的。）

每次循环时都有一个不同的位置

在这个位置创建一
个球

把球收集到一个列表中

把所有这些代码放在一起，就构成了我们的程序，见代码清单 17-1。

代码清单 17-1　使用动画精灵在屏幕上放多个沙滩球图像

import sys, pygame

class MyBallClass(pygame.sprite.Sprite):                              

    def __init__(self, image_file, location):                         

        pygame.sprite.Sprite.__init__(self)                           

        self.image = pygame.image.load(image_file)                 

        self.rect = self.image.get_rect()    

        self.rect.left, self.rect.top = location                 

    

size = width, height = 640, 480     

screen = pygame.display.set_mode(size)     

screen.fill([255, 255, 255])                             

img_file = "beach_ball.png"

balls = []

for row in range (0, 3):

    for column in range (0, 3):

        location = [column * 180 + 10, row * 180 + 10]

        ball = MyBallClass(img_file, location)

        balls.append(ball)            

定义 Ball
子类

设置窗口大小

将球增加到列表
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for ball in balls:

    screen.blit(ball.image, ball.rect)

pygame.display.flip()    

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

如果运行这个程序，会看

到 9 个沙滩球出现在 Pygame
窗口中，就像右图显示的这

样：

 

稍后，我们就会让它们动起来。

有没有注意到第 10 行和第 11 行有一个小小的变化？（就是设置 Pygame 窗口大

小的那两行代码。）我们将代码 screen = pygame.display.set_mode([640,480])

替换为 size = width, height = 640, 480
screen = pygame.display.set_mode(size)

这个代码不仅设置了窗口的大小（像前面一样），还定义了两个变量，width和

height，后面将会用到这两个变量。这里有一点很棒，我们不仅定义了一个列表

size（其中包含两个元素），还定义了两个整型变量 width和 height，而且所有这

些都在一个语句中完成。另外，我们的列表两边没有加中括号，在 Python 中这是允

许的。

我这样做只是想告诉你：在 Python 中有时做同样的事情可以有多种不同的方法。

这些方法不存在绝对的优劣（只要它们都能工作），不能说哪种方法一定比另一种方
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法强。你得遵循 Python 的语法（语言规则），这是必须保证的，尽管如此，自由表述

的空间还是有的。如果你让 10 个程序员编写同样的程序，可能得不到两个完全相同

的代码。

move()方法

因为我们把球创建为 MyBallClass的实例，应该可以使用一个类方法来移动这

些球。下面就来创建一个新的类方法，名为 move()：

206 Hello World!

A move() method

Because we’re creating the balls as instances of MyBallClass, it makes sense to move them 
using a class method. So let’s create a new class method called move():

Sprites (actually the rects within them) have a built-in method called move(). This method 
requires a parameter called speed to tell it how far (that is, how fast) to move the object. 
Because we’re dealing with 2-D graphics, the speed is a list of two numbers, one for x-speed 
and one for y-speed. We also check for the ball hitting the edges of the window, so we can 
“bounce” the balls around the screen.

Let’s change the MyBallClass definition to add the speed property and the move() method:

Notice the change in line 2 (def __init__(self, image_file, location, speed):) and the 
addition of line 7 (self.speed = speed), as well as the new move() method in lines 9 to 15.

Now when we create each instance of a ball, we need to tell it the speed as well as the 
image file and location:

def move(self):
    self.rect = self.rect.move(self.speed)
    if self.rect.left < 0 or self.rect.right > width:
        self.speed[0] = -self.speed[0]

    if self.rect.top < 0 or self.rect.bottom > height:
        self.speed[1] = -self.speed[1]

class MyBallClass(pygame.sprite.Sprite):
    def __init__(self, image_file, location, speed):
        pygame.sprite.Sprite.__init__(self)  #call Sprite initializer
        self.image = pygame.image.load(image_file)
        self.rect = self.image.get_rect()
        self.rect.left, self.rect.top = location
        self.speed = speed
           
    def move(self):
        self.rect = self.rect.move(self.speed)
        if self.rect.left < 0 or self.rect.right > width:
            self.speed[0] = -self.speed[0]

        if self.rect.top < 0 or self.rect.bottom > height:
            self.speed[1] = -self.speed[1]

Checks for hitting sides 
of the window, and if so, 
reverses the x-speed

Checks for hitting top 
or bottom of the 
window, and if so, 
reverses the y-speed

Adds the 
location argument

Adds this line to create a 
speed attribute for the ball

Adds this 
method for 
moving the ball

speed = [2, 2]
ball = MyBallClass(img_file, location, speed)

检查是否碰到窗口
左右两边，如果是，
让 x-speed 反向

检查是否碰到
窗口上下两边，
如 果 是， 让
y-speed 反向

动画精灵（实际上是其中的 rect）有一个内置方法 move()。这个方法需要一

个 speed参数来告诉它对象要移动多远（也就是移动多快）。因为我们处理的是二

维（2D）图形，而 speed是一个包含两个数的列表，一个对应 x-speed，另一个对应

y-speed。我们还要检查球是否碰到窗口的边界，使球能够在屏幕上“反弹”。

下面修改 MyBallClass定义，增加 speed属性和 move()方法：
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A move() method

Because we’re creating the balls as instances of MyBallClass, it makes sense to move them 
using a class method. So let’s create a new class method called move():

Sprites (actually the rects within them) have a built-in method called move(). This method 
requires a parameter called speed to tell it how far (that is, how fast) to move the object. 
Because we’re dealing with 2-D graphics, the speed is a list of two numbers, one for x-speed 
and one for y-speed. We also check for the ball hitting the edges of the window, so we can 
“bounce” the balls around the screen.

Let’s change the MyBallClass definition to add the speed property and the move() method:

Notice the change in line 2 (def __init__(self, image_file, location, speed):) and the 
addition of line 7 (self.speed = speed), as well as the new move() method in lines 9 to 15.

Now when we create each instance of a ball, we need to tell it the speed as well as the 
image file and location:

def move(self):
    self.rect = self.rect.move(self.speed)
    if self.rect.left < 0 or self.rect.right > width:
        self.speed[0] = -self.speed[0]

    if self.rect.top < 0 or self.rect.bottom > height:
        self.speed[1] = -self.speed[1]

class MyBallClass(pygame.sprite.Sprite):
    def __init__(self, image_file, location, speed):
        pygame.sprite.Sprite.__init__(self)  #call Sprite initializer
        self.image = pygame.image.load(image_file)
        self.rect = self.image.get_rect()
        self.rect.left, self.rect.top = location
        self.speed = speed
           
    def move(self):
        self.rect = self.rect.move(self.speed)
        if self.rect.left < 0 or self.rect.right > width:
            self.speed[0] = -self.speed[0]

        if self.rect.top < 0 or self.rect.bottom > height:
            self.speed[1] = -self.speed[1]

Checks for hitting sides 
of the window, and if so, 
reverses the x-speed

Checks for hitting top 
or bottom of the 
window, and if so, 
reverses the y-speed

Adds the 
location argument

Adds this line to create a 
speed attribute for the ball

Adds this 
method for 
moving the ball

speed = [2, 2]
ball = MyBallClass(img_file, location, speed)

增加 location 参数

增加这行代码，为球创建一个
speed 属性

增 加 这 个 方
法来移动球

注 意 第 2 行（def__init__(self,image_file,location,speed):） 中 的 修

改，这里增加了第 7 行（self.speed=speed），另外第 9 行到第 15 行增加了新的

move()方法。

现在创建球的各个实例时，需要告诉它速度，还要指出图像文件以及位置：

图灵社区会员 FreeLink 专享 尊重版权



214　第 17 章　动画精灵和碰撞检测

206 Hello World!

A move() method

Because we’re creating the balls as instances of MyBallClass, it makes sense to move them 
using a class method. So let’s create a new class method called move():

Sprites (actually the rects within them) have a built-in method called move(). This method 
requires a parameter called speed to tell it how far (that is, how fast) to move the object. 
Because we’re dealing with 2-D graphics, the speed is a list of two numbers, one for x-speed 
and one for y-speed. We also check for the ball hitting the edges of the window, so we can 
“bounce” the balls around the screen.

Let’s change the MyBallClass definition to add the speed property and the move() method:

Notice the change in line 2 (def __init__(self, image_file, location, speed):) and the 
addition of line 7 (self.speed = speed), as well as the new move() method in lines 9 to 15.

Now when we create each instance of a ball, we need to tell it the speed as well as the 
image file and location:

def move(self):
    self.rect = self.rect.move(self.speed)
    if self.rect.left < 0 or self.rect.right > width:
        self.speed[0] = -self.speed[0]

    if self.rect.top < 0 or self.rect.bottom > height:
        self.speed[1] = -self.speed[1]

class MyBallClass(pygame.sprite.Sprite):
    def __init__(self, image_file, location, speed):
        pygame.sprite.Sprite.__init__(self)  #call Sprite initializer
        self.image = pygame.image.load(image_file)
        self.rect = self.image.get_rect()
        self.rect.left, self.rect.top = location
        self.speed = speed
           
    def move(self):
        self.rect = self.rect.move(self.speed)
        if self.rect.left < 0 or self.rect.right > width:
            self.speed[0] = -self.speed[0]

        if self.rect.top < 0 or self.rect.bottom > height:
            self.speed[1] = -self.speed[1]

Checks for hitting sides 
of the window, and if so, 
reverses the x-speed

Checks for hitting top 
or bottom of the 
window, and if so, 
reverses the y-speed

Adds the 
location argument

Adds this line to create a 
speed attribute for the ball

Adds this 
method for 
moving the ball

speed = [2, 2]
ball = MyBallClass(img_file, location, speed)

前面的代码把所有球都创建为相同的速度（相同方向），不过如果球的移动有些

随机性可能更有意思。下面使用 random.choice()函数来设置速度，如下：

207 CHAPTER 17 Sprites and Collision Detection

The preceding code will create all the balls with the same speed (same direction), but it 
would be fun to see the balls move around a bit randomly. Let’s use the random.choice() 
function to set the speed, like this:

This will choose either -2 or 2 for both the x and y speed.

Listing 17.2 shows the complete program.

import sys, pygame
from random import *

#-----ball subclass definition -----------------------------
class MyBallClass(pygame.sprite.Sprite):
    def __init__(self, image_file, location, speed):
        pygame.sprite.Sprite.__init__(self)  #call Sprite initializer
        self.image = pygame.image.load(image_file)
        self.rect = self.image.get_rect()
        self.rect.left, self.rect.top = location
        self.speed = speed

    def move(self):
        self.rect = self.rect.move(self.speed)
        if self.rect.left < 0 or self.rect.right > width:                 
            self.speed[0] = -self.speed[0]                                

        if self.rect.top < 0 or self.rect.bottom > height:                
            self.speed[1] = -self.speed[1]                                

#----- Main Program -----------------------------
size = width, height = 640, 480
screen = pygame.display.set_mode(size)
screen.fill([255, 255, 255])
img_file = "beach_ball.png"
balls = [] 
for row in range (0, 3):
    for column in range (0, 3):
        location = [column * 180 + 10, row * 180 + 10]
        speed = [choice([-2, 2]), choice([-2, 2])]        
        ball = MyBallClass(img_file, location, speed)
        balls.append(ball)

while True:
    for event in pygame.event.get():
        if event.type == pygame.QUIT: sys.exit()
    pygame.time.delay(20)
    screen.fill([255, 255, 255])
    for ball in balls:
            ball.move()
            screen.blit(ball.image, ball.rect)
    pygame.display.flip()  

Listing 17.2 A program for moving balls around using sprites

from random import *
speed = [choice([-2, 2]), choice([-2, 2])]

Creates list to keep track of balls

Adds each ball to the 
list as it’s created

Redraws the screen

这会为 x 和 y 速度选择 -2 或 2。

代码清单 17-2 给出了完整的程序。

代码清单 17-2　使用动画精灵移动球的程序

import sys, pygame

from random import *

class MyBallClass(pygame.sprite.Sprite):

    def __init__(self, image_file, location, speed):

        pygame.sprite.Sprite.__init__(self)

        self.image = pygame.image.load(image_file)

        self.rect = self.image.get_rect()

        self.rect.left, self.rect.top = location

        self.speed = speed

     

    def move(self):

        self.rect = self.rect.move(self.speed)

        if self.rect.left < 0 or self.rect.right > width:                 

            self.speed[0] = -self.speed[0]                                

        

        if self.rect.top < 0 or self.rect.bottom > height:                

            self.speed[1] = -self.speed[1]   

    

size = width, height = 640, 480

screen = pygame.display.set_mode(size)

screen.fill([255, 255, 255])

img_file = "beach_ball.png"

balls = []                 创建列表跟踪所有球

for row in range (0, 3):

    for column in range (0, 3):

        location = [column * 180 + 10, row * 180 + 10]

        speed = [choice([-2, 2]), choice([-2, 2])]        

        ball = MyBallClass(img_file, location, speed)

        balls.append(ball)    

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

    pygame.time.delay(20)

    screen.fill([255, 255, 255])                                  

    for ball in balls:                                             

            ball.move()                                            

            screen.blit(ball.image, ball.rect)

    pygame.display.flip()                                         

pygame.quit()

创建各个球时把球增加到列表

Ball 类定义
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for row in range (0, 3):

    for column in range (0, 3):

        location = [column * 180 + 10, row * 180 + 10]

        speed = [choice([-2, 2]), choice([-2, 2])]        

        ball = MyBallClass(img_file, location, speed)

        balls.append(ball)    

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

    pygame.time.delay(20)

    screen.fill([255, 255, 255])                                  

    for ball in balls:                                             

            ball.move()                                            

            screen.blit(ball.image, ball.rect)

    pygame.display.flip()                                         

pygame.quit()

这个程序使用一个列表来跟踪所有球。第 32 行（balls.append(ball)）上，

创建每个球时会把球增加到这个列表。

最后 5 行代码会重绘屏幕。这里我们走了一条捷径，并不是单独地“擦除”（覆

盖）各个球，我们直接用白色填充窗口，然后重绘所有球。

可以试验一下这些代码，看看有更多（或更少）球时会怎么样，可以改变它们

的速度，还可以改变它们移动和“反弹”的方式，等等。你会注意到，球会四处移

动，而且在窗口四周会反弹，不过它们相互之间还不能反弹！

17.2　嘣 ! 碰撞检测

大多数计算机游戏中，你需要知道一个动画精灵在什么时候碰到另一个精灵。

例如，可能需要知道保龄球何时碰到球瓶，或者导弹什么时候击中飞船。

你可能认为，如果我们知道每个动画精灵的位置和大小，可以写一些代码对每一

个其他动画精灵的位置和大小进行检查，看哪里出现了重叠。不过，编写 Pygame 的人

已经为我们完成了这项工作。Pygame 中已经内置有这种碰撞检测。

术语箱
简单地说，碰撞检测（collision detection）指的是了解两个动画精灵何时接

触或重叠。两个移动的东西相互碰到一起，这就是一个碰撞（collision）。

Pygame 还提供了一种方法对动画精灵分组。例如，在保龄球游戏中，所有球瓶

可能在一组，球则在另一组。

组和碰撞检测密切相关。在保龄球例子中，你可能想检测球何时击倒某个瓶子，

因此要寻找球精灵与球瓶组中所有精灵之间的碰撞。还可以检测组内部的碰撞（如

球瓶相互碰倒）。

下面来完成一个例子。以我们的反弹沙滩球为基础，不过为了更容易地看出发

生了什么，这里首先建立 4 个球而不是 9 个球。另外与上一个例子中建立球的列表

不同，我们将会使用 Pygame 的 group类。

重绘屏幕
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这里还要对代码稍稍做些整理，把完成球动画的部分（代码清单 17-2 中的最后

几行）放在一个函数中，我们把这个函数命名为 animate()。animate()函数还包

括完成碰撞检测的代码。两个球碰撞时，我们会让它们反向。

代码清单 17-3 显示了相应的代码。

代码清单 17-3　使用一个动画精灵组而不是列表

                                                                       

size = width, height = 640, 480 

screen = pygame.display.set_mode(size)        

screen.fill([255, 255, 255])                  

img_file = "beach_ball.png"                   

group = pygame.sprite.Group()     

for row in range (0, 2):                     

    for column in range (0, 2):

        location = [column * 180 + 10, row * 180 + 10]

        speed = [choice([-2, 2]), choice([-2, 2])]        

        ball = MyBallClass(img_file, location, speed)

        group.add(ball)   

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

    animate(group)     

pygame.quit()

将各个球增加到组

import sys, pygame

from random import *

class MyBallClass(pygame.sprite.Sprite):                              

    def __init__(self, image_file, location, speed):                   

        pygame.sprite.Sprite.__init__(self)                            

        self.image = pygame.image.load(image_file)                       

        self.rect = self.image.get_rect()                              

        self.rect.left, self.rect.top = location

        self.speed = speed                                              
                                                                        

    def move(self):                                                    

        self.rect = self.rect.move(self.speed)                          

        if self.rect.left < 0 or self.rect.right > width:               

            self.speed[0] = -self.speed[0]                              

        if self.rect.top < 0 or self.rect.bottom > height:              

            self.speed[1] = -self.speed[1]                         

def animate(group):                                                 

    screen.fill([255,255,255])                                     

    for ball in group:                                              

        group.remove(ball)       

        if pygame.sprite.spritecollide(ball, group, False):

            ball.speed[0] = -ball.speed[0]

            ball.speed[1] = -ball.speed[1]                          

                                            

        group.add(ball) 

        ball.move()                                              

        screen.blit(ball.image, ball.rect)                      

    pygame.display.flip()                                       

    pygame.time.delay(20)                                        

Ba l l
类定
义

新的
animate()
函数将球再添加回原

来的组中

这一次只创建 4 个球

主程序从这里开始

创建精灵组

检查精灵与组 
之间的碰撞

从组删除精灵
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size = width, height = 640, 480 

screen = pygame.display.set_mode(size)        

screen.fill([255, 255, 255])                  

img_file = "beach_ball.png"                   

group = pygame.sprite.Group()     

for row in range (0, 2):                     

    for column in range (0, 2):

        location = [column * 180 + 10, row * 180 + 10]

        speed = [choice([-2, 2]), choice([-2, 2])]        

        ball = MyBallClass(img_file, location, speed)

        group.add(ball)   

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

    animate(group)     

pygame.quit()

调用 animate() 函数
并传入 group

这里最有意思的新内容是碰撞检测如何工作。Pygame sprite 模块有一个

spritecollide()函数，它会查找一个精灵与一个组中所有精灵之间的碰撞。要检

查同一个组中精灵之间的碰撞，必须通过 3 步来完成：

从这个组中删除这个精灵；��

检查这个精灵与组中其他精灵之间的碰撞；��

再把这个精灵添加回原来的组中。��

这些工作在第 21 行到第 29 行的 for循环中（animate()函数的中间部分）完

成。如果开始时没有从组中删除这个精灵，spritecollide()会检测到这个精灵与

它自身发生了碰撞，因为它也在这个组中。乍一看好像有些奇怪，不过如果再想想

看就会发现这是有道理的。 

运行程序，看看有什么结果。有没有注意到一

些奇怪的行为？我注意到两点：

球碰撞时，它们会“颤抖”或者发生两次��

碰撞；

有时球会“卡”在窗口边界上，颤抖一段��

时间。

为什么会出现这种情况？嗯，这与我们如何编

写 animate()函数有关。注意我们的做法是先移动一个球，检查它的碰撞，然后移

动另一个球，再检查这个球的碰撞，依此类推。也许应该先完成所有移动，然后再

完成全部碰撞检测。

所以需要把第 28 行（ball.move()）放在它自己的循环中，就像这样：

210 Hello World!

The most interesting new thing here is how the collision detection works. The Pygame 
sprite module has a function called spritecollide(), which looks for collisions between a 
single sprite and any sprite in a group. If you’re checking for collisions between sprites in 
the same group, you have to do it in three steps:

� First, you remove the sprite from the group.
� Next, you check for collisions between the sprite and the rest of the group.
� Finally, you add the sprite back to the group.

This happens in the for loop in lines 23 to 29 (in the middle part of the animate() function). 
If we don’t remove the sprite from the group first, spritecollide() will detect a collision 
between the sprite and itself, because it’s in the group. This might seem kind of odd at first, 
but it makes sense if you think about it for a while.

Run the program and see how it looks. Did you notice any strange behavior? I noticed two 
things:

� When the balls collide, they do a “stutter” or a 
double bump.

� Sometimes a ball gets “stuck” along the edge of 
the window and stutters along for a while. 

Why does this happen? Well, it has to do with the way 
we wrote the animate() function. Notice that we move 
one ball, then we check its collisions, then we move 
another ball, then we check its collisions, and so on. We 
should probably do all the moving first, and then do all 
the collision checking after that.

So we want to take line 31, ball.move(), and put it in its own loop, like this:

def animate(group):
    screen.fill([255,255,255])
    for ball in group:
        ball.move()
    for ball in group:
        group.remove(ball)

        if pygame.sprite.spritecollide(ball, group, False):
            ball.speed[0] = -ball.speed[0]
            ball.speed[1] = -ball.speed[1]

        group.add(ball)
                 
        screen.blit(ball.image, ball.rect)
    pygame.display.flip()
    pygame.time.delay(20)   

This is easier to see if you make the animation steps bigger. You can do this by increasing the speed from 2 to 5 and also increasing the delay between each step from 20 to 50.

Moves all 
the balls first

Then does 
collision 
detection and 
bounces them

先移动所有球

再完成碰撞检
测实现反弹

如 果 加 大 动 画 步，
就能更容易地看到这一
点。可以把速度从 2 增
加到 5，另外把各步之间
的延迟从 20 增加到 50。
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210 Hello World!

The most interesting new thing here is how the collision detection works. The Pygame 
sprite module has a function called spritecollide(), which looks for collisions between a 
single sprite and any sprite in a group. If you’re checking for collisions between sprites in 
the same group, you have to do it in three steps:

� First, you remove the sprite from the group.
� Next, you check for collisions between the sprite and the rest of the group.
� Finally, you add the sprite back to the group.

This happens in the for loop in lines 23 to 29 (in the middle part of the animate() function). 
If we don’t remove the sprite from the group first, spritecollide() will detect a collision 
between the sprite and itself, because it’s in the group. This might seem kind of odd at first, 
but it makes sense if you think about it for a while.

Run the program and see how it looks. Did you notice any strange behavior? I noticed two 
things:

� When the balls collide, they do a “stutter” or a 
double bump.

� Sometimes a ball gets “stuck” along the edge of 
the window and stutters along for a while. 

Why does this happen? Well, it has to do with the way 
we wrote the animate() function. Notice that we move 
one ball, then we check its collisions, then we move 
another ball, then we check its collisions, and so on. We 
should probably do all the moving first, and then do all 
the collision checking after that.

So we want to take line 31, ball.move(), and put it in its own loop, like this:

def animate(group):
    screen.fill([255,255,255])
    for ball in group:
        ball.move()
    for ball in group:
        group.remove(ball)

        if pygame.sprite.spritecollide(ball, group, False):
            ball.speed[0] = -ball.speed[0]
            ball.speed[1] = -ball.speed[1]

        group.add(ball)
                 
        screen.blit(ball.image, ball.rect)
    pygame.display.flip()
    pygame.time.delay(20)   

This is easier to see if you make the animation steps bigger. You can do this by increasing the speed from 2 to 5 and also increasing the delay between each step from 20 to 50.

Moves all 
the balls first

Then does 
collision 
detection and 
bounces them

试试看，效果是不是比原来好一些。

可以对这个代码做些试验，改变某些值，比如速度（time.delay()数）、球数、

球原先的位置、随机性等，来看球会有什么变化。

矩形碰撞与像素完美碰撞

你会注意到，球“碰撞”时并不总是完全接触。这是因为 spritecollide()没

有使用球的圆形轮廓来检测碰撞。它使用了球的 rect，也就是球的外围矩形。

如果想看看具体是怎样的，可以画一个矩形包围球图像，并且使用这个新图像

而不是原先常规的沙滩球图像。我已经为你做好了这个新图像，你可以试一试：

img_file = “b_ball_rect.png”

看上去就像右图显示的这样：

 

如果希望球的圆形部分（而不是

矩形边界）真正接触时球才会相互反

弹，就必须使用一种称为“像素完美碰

撞检测”的方法。spritecollide()

函数没有这样做，而是使用了更简单的

“矩形碰撞检测”。

它们的区别如下。使用矩形碰撞检测，两个球矩形区的任何部分相互接触时就

会“碰撞”。而使用像素完美碰撞检测，两个球本身接触时才会碰撞。如下：

矩形碰撞 像素完美碰撞
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00:00:00:12

像素完美碰撞检测更逼真。（在真正的沙滩球周围你不会觉得有任何隐形的矩

形，对吧？）但是在程序中实现时就没这么简单了。

对于要在 Pygame 中完成的大多数工作来说，矩形碰撞检测已经足够了。像素

完美碰撞检测需要写更多代码，而且会让游戏运行得更慢，所以应该只有在确实有

必要的情况下才使用这种方法。完成像素完美碰撞检测有几个模块（我上次查看时，

Pygame 网站上至少有两个）。如果想尝试进行像素完美碰撞检测，只需在网上搜索

一下就会找到这些模块。

17.3　统计时间

到目前为止，我们一直在使用 time.delay()来控制动画运行的快慢。不过这

不是最好的办法，这是因为，

使用 time.delay()时，你并

不真正知道每个循环需要多

长时间。循环中的代码要花

一些时间来运行（这是一个

未知时间），然后延迟也要花

费一些时间（这是一个已知

时间）。所以这个时间中有一部分是已知的，但有一部分是未知的。

如果我们想知道循环多长时间运行一次，就需要知道每个循环的总时间，这应

当是代码运行时间 + 延迟时间。要计算动画的时间，使用毫秒或千分之一秒会很方

便。它的缩写是 ms，所以 25 毫秒就是 25 ms。

在我们的例子中，假设代码时间是 15 ms。这说明，while循环中的代码运行需

要 15 ms，这不包括 time.delay()。我们已经知道延迟时间，因为这里使用 time.

delay(20)把延迟设置为 20 ms。所以循环的总时间是 20 ms + 15 ms = 35 ms。由于

1 秒就是 1000 ms，如果每个循环需要 35 ms，可以得到 1000 ms / 35 ms = 28.57。这

说明每秒大约有 29 个循环。在计算机图形学中，每个动画步叫做一帧，游戏程序员

讨论图形更新的快慢时都会提到帧速率（每秒帧数，fps）。在我们的例子中，帧速率

大约是 29 fps。

问题在于，我们并不能真正控制这个公式中的“代码时间”部分。如果增加或

删除代码，这个时间就会改变。即使是相同的代码，如果动画精灵个数不同（例如，

随着游戏对象的出现和消失，动画精灵个数会变化），绘制这些精灵所花费的时间也
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会变化。此外，在不同的机器上，相同的代码运行的速度也不同。可能不是 15 ms，
代码时间可能变成 10 ms 或 20 ms。如果有一种更便于预测的方法来控制帧速率就好

了。好在，Pygame 的 time模块为我们提供了这样的工具：一个名为 Clock的类。

用 pygame.time.Clock()控制帧速率

并不是向每个循环增加一个延迟， pygame.

time.Clock()会控制每个循环多长时间运行一次。

这就像一个定时器在控制时间进程，指出“现在开始

下一个循环！现在开始下一个循环！……”

使用 Pygame 时钟之前，必须先创建 Clock对象的一个实

例。这与创建其他类的实例完全相同：

clock = pygame.time.Clock()

然后在主循环体中，只需要告诉时钟多久“滴答”一次—也

就是说，循环应该多长时间运行一次： clock.tick(60)

传入 clock.tick()的数不是一个毫秒数。这是每秒内循环要运行的次数。所

以这个循环应当每秒运行 60 次。在这里我只是说“应当运行”，因为循环只能按计

算机能够保证的速度运行。每秒 60 个循环（或帧）时，每个循环需要 1000 / 60 = 
16.66 ms（大约 17 ms）。如果循环中的代码运行时间超过 17 ms，在 clock指出开始

下一次循环时当前循环将无法完成。

实际上，这说明对于图形运行的帧速率有一个限制。这个限制取决于图形的复

杂程度、窗口大小以及运行这个程序的计算机的速度。对于一个特定的程序，计算

机的运行速度可能是 90 fps，而较早的一个较慢的计算机也许只能以 10 fps 的速度缓

慢运行。

对于非常复杂的图形，大多数现代计算机都完全可以按 20 ～ 30 fps 的速率运行

Pygame 程序。所以如果希望你的游戏在大多数计算机上都能以相同的速度运行，可

以选择一个 20 ～ 30 fps（或者更低）的帧速率。这已经很快了，足以生成看上去流

畅的运动。从现在开始，这本书中的例子都将使用 clock.tick(30)。

检查帧速率

如果想知道你的程序能以多快的速度运行，可以用一个名为 clock.get_fps()

现在开始下一个循环！
现在开始下一个循环！
现在开始下一个循环！
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的函数检查帧速率。当然，如果将帧速率设置为 30，它就总会以 30 fps 的帧速率运

行（假设你的计算机能够运行那么快）。要看一个特定程序在特定机器上运行的最快

速度，可以先将 clock.tick设置得非常快（例如 200 fps），然后运行这个程序，用

clock.get_fps()检查实际的帧速率。（接下来就会给出一个这样的例子。）

调整帧速率

如果想要确保你的动画在每个机器上都以相同的速度运行，可以利用 clock.

tick()和 clock.get_fps()实现一个小技巧。因为你知道要以多快的速度运行，

而且也知道实际运行的速度，因此可以根据机器的速度调整（scale）动画的速度。

例如，假设已经设置了 clock.tick(30)，这说明你想按 30 fps 的帧速率运行。

如果使用 clock.get_fps()并发现只得到速率为 20 fps，可以知道：屏幕上对象移

动的速度比你希望的要慢。因为每秒的帧数更少，所以每一帧必须把对象移动得更

远，这样看上去才跟得上预想的速度。你的移动对象可能有一个名为 speed的变量

（或属性），这会告诉它们每一帧移动多远。只需要增加 speed对运行速度较慢的机

器做出补偿。

要增加多少呢？可以按期望帧频率与实际帧速率的比值来增加。如果对象的当

前速度是 10，期望的帧速率是 30 fps，程序实际运行速率为 20 fps，可以得到：

214 Hello World!

Scaling the frame rate

If you want to be really sure your animation runs at the same speed on every machine, 
there’s a trick you can do with clock.tick() and clock.get_fps(). Because you know the 
speed you want to run at and the speed you’re actually running at, you can adjust, or scale, 
the speed of your animation according to the speed of the machine.

For example, let’s say you have clock.tick(30), which means you’re trying to run at 30 fps. 
If you use clock.get_fps() and find you’re only getting 20 fps, you know that objects on 
the screen are moving slower than you’d like. Because you’re getting fewer frames per sec-
ond, you have to move your objects farther in each frame to make them appear to move at 
the correct speed. You’ll probably have a variable (or attribute) called speed for your mov-
ing objects, which tells them how far to move in each frame. You just need to increase 
speed to make up for a slower machine. 

How much to increase it? You just increase it by the ratio of desired fps / actual fps. If your 
object’s current speed is 10 for the desired 30 fps, and the program is actually running at 20 
fps, you’d have

So instead of moving 10 pixels per frame, you’d move the object 15 pixels per frame to 
make up for the slower frame rate. We’ll use this trick in some programs later in the book. 

Here’s a listing of the beach ball program using the things we have discussed in the last 
couple of sections: Clock and get_fps().

import sys, pygame                                                     
from random import *                                                   

class MyBallClass(pygame.sprite.Sprite):
    def __init__(self, image_file, location, speed):
        pygame.sprite.Sprite.__init__(self)  #call Sprite initializer
        self.image = pygame.image.load(image_file)
        self.rect = self.image.get_rect()
        self.rect.left, self.rect.top = location
        self.speed = speed

    def move(self):
        self.rect = self.rect.move(self.speed)
        if self.rect.left < 0 or self.rect.right > width:
            self.speed[0] = -self.speed[0]

        if self.rect.top < 0 or self.rect.bottom > height:
            self.speed[1] = -self.speed[1]

Listing 17.4 Using Clock and get_fps() in the beach ball program

object_speed = current_speed * (desired fps / actual fps)
object_speed = 10 * (30 / 20)
object_speed = 15

The ball 
class 
definition

所以并不是每帧要将对象移动 10 个像素，而是需要移动 15 个像素，才能弥补

较慢的帧速率。我们将在本书后面的一些程序中使用这个技巧。

下面的沙滩球程序使用了前面几节讨论的内容：Clock和 get_fps()。

代码清单 17-4　沙滩球程序中使用 Clock和 get_fps()

import sys, pygame                                                     

from random import *                                      

class MyBallClass(pygame.sprite.Sprite):                               

    def __init__(self, image_file, location, speed):                  

        pygame.sprite.Sprite.__init__(self)                          

        self.image = pygame.image.load(image_file)                    

        self.rect = self.image.get_rect()                             

        self.rect.left, self.rect.top = location                     

        self.speed = speed                                          

    def move(self):                                                   

        self.rect = self.rect.move(self.speed)                        

        if self.rect.left < 0 or self.rect.right > width:             

            self.speed[0] = -self.speed[0]                            

        if self.rect.top < 0 or self.rect.bottom > height:            

            self.speed[1] = -self.speed[1]                        

Ball 类定义
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def animate(group):                                               

    screen.fill([255,255,255])                                        

    for ball in group:                                                 

        ball.move()                                                     

    for ball in group:                                                 

        group.remove(ball)                                             

        if pygame.sprite.spritecollide(ball, group, False):          

            ball.speed[0] = -ball.speed[0]                             

            ball.speed[1] = -ball.speed[1]                           

        group.add(ball)                                                

        screen.blit(ball.image, ball.rect)                            

    pygame.display.flip()                                   

                                     

size = width, height = 640, 480                                    

screen = pygame.display.set_mode(size)                             

screen.fill([255, 255, 255])                                       

img_file = "beach_ball.png"                                        

clock = pygame.time.Clock()     

group = pygame.sprite.Group()                                      

for row in range (0, 2):                                            

    for column in range (0, 2):                                     

        location = [column * 180 + 10, row * 180 + 10]             

        speed = [choice([-4, 4]), choice([-4, 4])]                 

        ball = MyBallClass(img_file, location, speed)            

        group.add(ball)   #add the ball to the group           

                                                               

running = True

while running:       

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

            frame_rate = clock.get_fps()    

            print "frame rate = ", frame_rate  

    animate(group)                             

    clock.tick(30)       

pygame.quit()

动画函数

已经删除 
time.delay()

创建 Clock 的实例

主 while 循环从这里开始

初始化并
画出沙滩
球

检查帧速率

clock.tick 现 在 控 制 帧 速 率
（受计算机速度限制）

import sys, pygame                                                     

from random import *                                      

class MyBallClass(pygame.sprite.Sprite):                               

    def __init__(self, image_file, location, speed):                  

        pygame.sprite.Sprite.__init__(self)                          

        self.image = pygame.image.load(image_file)                    

        self.rect = self.image.get_rect()                             

        self.rect.left, self.rect.top = location                     

        self.speed = speed                                          

    def move(self):                                                   

        self.rect = self.rect.move(self.speed)                        

        if self.rect.left < 0 or self.rect.right > width:             

            self.speed[0] = -self.speed[0]                            

        if self.rect.top < 0 or self.rect.bottom > height:            

            self.speed[1] = -self.speed[1]                        

Pygame 和动画精灵的基本知识就介绍完了。在下一章中，我们将使用 Pygame
建立一个真正的游戏，我们还会介绍另外一些你能完成的工作，比如增加文本（显

示游戏得分）、声音和鼠标及键盘输入。

你学到了什么

在这一章，你学到了以下内容。

Pygame 中的动画精灵，以及如何使用动画精灵处理多个移动的图像。��
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动画精灵组。��

碰撞检测。��

pygame.clock�� 和帧速率。

测试题

1. 什么是碰撞检测？

2. 什么是像素完美碰撞检测？它与矩形碰撞检测有什么区别？

3. 可以利用哪两种方法跟踪多个在一起的动画精灵对象？

4. 在代码中控制动画的速度有哪两种方法？

5. 为什么使用 pygame.clock比使用 pygame.time.delay()更准确？

6. 怎么得出你的程序运行的帧速率？

动手试一试

键入这一章中的所有代码示例就能让你试个够。如果还不够，可以回过头去再

做一遍。相信你能从中得到很多收获！
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第 18 章

一种新的输入—事件

到目前为止，我们已经向程序提供过几种非常简单的输入。用户可以使用 raw_

input()键入字符串，或者我们可以从 EasyGui（见第 6 章）得到数字和字符串。我

们还介绍了如何使用鼠标来关闭一个 Pygame 窗口，不过我还没有解释这是怎么做到的。

这一章中，你将学习一种不同的输入，叫做事件（event）。在这里，我们会具体

分析 Pygame 窗口退出代码做了些什么，以及它是如何做到的。我们还将从鼠标得到

输入，另外会让程序对按键立即做出反应，而不必等待用户按下回车。

18.1　事件

如果我在现实生活中问你，“什么是事件”，你可能会说这是“发生的某件事

情”。这是一个很好的定义，这个定义在编程中也同样适用。很多程序都需要对“发

生的事情”做出反应。比如说：

移动或点击鼠标；��

按键；��

经过了一定时间。��

目前为止，我们写的大多数程序自始至终都沿着一条可以预测的路径运行，可

能中间会有一些循环或条件。不过，除此以外还有另外一类程序，称为事件驱动程

序（event-driven program），它们的做法完全不同。事件驱动程序基本上只是“原地

不动”，什么也不做，等待着有事件发生。一旦事件确实发生，它们就会做出反应，

完成所有必要的工作来处理这个事件。

Windows 操作系统（或者其他 GUI）就是这种事件驱动程序的一个很好的例子。

打开 Windows 计算机时，启动后它只是“原地不动”，不会启动任何程序，你也不会
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看到鼠标光标在屏幕上移动。不过，如果你开始移动或点击鼠标，就会有情况发生。

鼠标光标会在屏幕上移动，“开始”菜单会弹出，或者会做其他事情。

事件循环

为了让一个事件驱动程序“看到”有事件发生，它必须“寻找”这些事件。程

序必须不断地扫描计算机内存中用来指示事件发生的部分。只要程序在运行，就会

反复这样做。回顾第 8 章，我们已经了解了程序如何反复做某些事情，这要使用一

个循环。不断寻找事件的这个特殊循环叫做事件循环（event loop）。

前两章完成的 Pygame 程序中，最后总是有一个 while循环。我们说过，这个

循环会在程序运行期间一直运行。这个 while循环就是 Pygame 的事件循环。（要了

解退出代码是如何工作的，首先要知道这个事件循环。）

事件队列

只要有人移动或点击了鼠标或者按下了按键，就会发生事件。这些事件去哪里

了呢？在上一节中我说过，事件循环会一直不断地搜索内存的某个部分。内存中存

储事件的部分叫做事件队列（event queue）。

术语箱
队列（queue）读作“Q”。日常生活中，这就表示排队。

在编程中，队列通常指一个列表，其中的元素按某种特定的顺序到达，或者

将按某种特定的顺序使用。

事件队列就是发生的所有事件的列表，这些事件按它们发生的顺序排列。

事件处理器

如果编写一个 GUI 程序或游戏，程序必须知道用户什么时候按下一个按键或者

移动了鼠标。这些按键、点击和移动鼠标都是事件，而且程序必须知道如何应对这

些事件，它必须处理事件。程序中处理某个事件的部分称为一个事件处理器（event 
handler）。

并不是每一个事件都要处理。在桌面上移动鼠标时，会创建成百上千个事件，

因为事件循环运行得非常快。每一个瞬间（远远不到 1 秒），即使鼠标只是移动了一

点点，也会生成一个新的事件。不过你的程序可能并不关心鼠标的每一个小小的移

动。它可能只关心用户什么时候点击某个部分。所以你的程序可以忽略 mouseMove

事件，只关注 mouseClick事件。
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事件驱动程序中，对于所关心的各种事件会有相应的事件处理器。如果你有一

个游戏使用键盘上的方向键来控制一艘船的移动，可能要为 keyDown事件编写一个

处理器。相反，如果使用鼠标控制这艘船，就可能为 mouseMove事件写一个事件处

理器。

现在就来看我们的程序中可以使用的一些具体事件。我们还会使用 Pygame，所

以这一章后面讨论的所有事件都来自 Pygame 的事件队列。其他 Python 模块会提供

不同的事件。例如，我们将在第 20 章讨论另外一个名为 PyQt 的模块。PyQt 有自己

的事件集，其中一些事件与 Pygame 有所不同。不过，对于不同的事件集（甚至在不

同的编程语言中），处理事件的方式通常都是一样的。对于每个事件系统来说可能都

不完全一样，不过相同点还是远远多于不同点。

18.2　键盘事件

下面先来看一个键盘事件的例子。假设我们希望一旦按下键盘上的某个键就做

某件事情。在 Pygame 中，这个事件是 KEYDOWN。为了说明这个事件如何使用，下面

还是用代码清单 16-15 中反弹球的例子，球会向两边移动，并在窗口边界反弹。不过

在增加事件之前，下面先更新这个程序，加入我们刚学到的一些新内容：

使用动画精灵；��

使用�� clock.tick()而不是 time.delay()。

首先，需要为球建立一个类。这个类要有一个 __init__()方法和一个 move()

方法。我们将创建这个类的实例，另外在主 while循环中将使用 clock.tick(30)。

代码清单 18-1 显示了修改后的代码。

代码清单 18-1　反弹球程序，加入动画精灵和 Clock.tick()

import pygame, sys 

pygame.init()

screen = pygame.display.set_mode([640,480]) 

background = pygame.Surface(screen.get_size()) 

background.fill([255, 255, 255]) 

clock = pygame.time.Clock() 
class Ball(pygame.sprite.Sprite):                                      

    def __init__(self, image_file, speed, location):                   

        pygame.sprite.Sprite.__init__(self)                             

        self.image = pygame.image.load(image_file)                      

        self.rect = self.image.get_rect()                               

        self.rect.left, self.rect.top = location                        

        self.speed = speed                                               

                                                                       

    def move(self):                                                    

        if self.rect.left <= screen.get_rect().left or \              

                self.rect.right >= screen.get_rect().right:             

            self.speed[0] = - self.speed[0]                             

        newpos = self.rect.move(self.speed)                            

        self.rect = newpos                          

    

my_ball = Ball('beach_ball.png', [10,0], [20, 20]) 

running = True

while running:                                              

    for event in pygame.event.get():                                      

        if event.type == pygame.QUIT:                                     

            running = False                                                    

    clock.tick(30)         

    screen.blit(background, (0, 0))                                  

    my_ball.move()                                                     

    screen.blit(my_ball.image, my_ball.rect)                        

    pygame.display.flip()                                             

pygame.quit()

Ball 类，包括
move() 方法
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class Ball(pygame.sprite.Sprite):                                      

    def __init__(self, image_file, speed, location):                   

        pygame.sprite.Sprite.__init__(self)                             

        self.image = pygame.image.load(image_file)                      

        self.rect = self.image.get_rect()                               

        self.rect.left, self.rect.top = location                        

        self.speed = speed                                               

                                                                       

    def move(self):                                                    

        if self.rect.left <= screen.get_rect().left or \              

                self.rect.right >= screen.get_rect().right:             

            self.speed[0] = - self.speed[0]                             

        newpos = self.rect.move(self.speed)                            

        self.rect = newpos                          

    

my_ball = Ball('beach_ball.png', [10,0], [20, 20]) 

running = True

while running:                                              

    for event in pygame.event.get():                                      

        if event.type == pygame.QUIT:                                     

            running = False                                                    

    clock.tick(30)         

    screen.blit(background, (0, 0))                                  

    my_ball.move()                                                     

    screen.blit(my_ball.image, my_ball.rect)                        

    pygame.display.flip()                                             

pygame.quit()

创建 Ball 的一
个实例

完全重绘

这是时钟

   速度，位置

这里要注意一个问题，移动球时我们没有“擦除”球，而是做了不同的处理。我

们已经知道，在新位置上重画球之前要从原位置“擦除”动画精灵有两种方法：一种

方法是在每个动画精灵的原位置上涂上背景颜色，另一种方法是直接重绘每一帧的整

个背景—实际上每一次都会从一个空屏幕开始。在这里，我们采用了第二种做法。

不过这里不是每次循环时使用 screen.fill()，而是建立了一个名为 background的

表面，用白色填充。每次循环时，只需把这个背景“块移”到显示表面 screen。这样

也能达到目的；这只是完成这项工作的不同方法而已。

按键事件

现在我们要增加一个事件处理器，当按下向上箭头时让球上移，按下向下箭头时

让球下移。Pygame 包括多个不同模块。这一章中我们将使用的模块是 pygame.event。

我们已经保证 Pygame 事件循环会一直运行（while循环）。这个循环在扫描一

个名为 QUIT的特殊事件。 while running:  

    for event in pygame.event.get():

        if event.type == pygame.QUIT:

            running = False

pygame.event.get()方法从事件队列得到所有事件的一个列表。for循环迭代

处理这个列表中的每一个事件，如果看到一个 QUIT事件，它会将 running设置为

False，这会导致 while循环结束，并结束程序。了解到这一点后，现在你应该已经

完全清楚“点击 × 结束程序”代码是如何工作的。

不过对于这个例子，我们还希望检测另外一种不同类型的事件。我们希望知道
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何时按下一个按键，所以要查找 KEYDOWN事件。我们需要这样的代码：

if event.type == pygame.KEYDOWN

由于前面已经有了一个 if语句，可以直接用 elif增加另一个条件（我们已经

在第 7 章介绍过这个内容）：

while running:                                                             

    for event in pygame.event.get():                                    

        if event.type == pygame.QUIT:                                   

            running = False                                                  

        elif event.type == pygame.KEYDOWN:

            # do something                      这是用来检测按键的新增部分

按下按键时我们想做什么呢？我们说过，如果按下向上箭头，要让球上移，如

果按下向下箭头，要让球下移。所以可以这样做：

while True:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

        elif event.type == pygame.KEYDOWN:

            if event.key == pygame.K_UP:

                my_ball.rect.top = my_ball.rect.top - 10

            elif event.key == pygame.K_DOWN:

                my_ball.rect.top = my_ball.rect.top + 10

让球上移
10 个像素

让球下移
10 个像素

K_UP和 K_DOWN是 Pygame 中向上和向下箭头的名字。对代码清单 18-1 完成以

上修改，程序现在如代码清单 18-2 所示。

代码清单 18-2　响应向上和向下箭头键的反弹球

import pygame, sys                                  

pygame.init()                                       

screen = pygame.display.set_mode([640,480])          

background = pygame.Surface(screen.get_size())       

background.fill([255, 255, 255])                     

clock = pygame.time.Clock()                       

class Ball(pygame.sprite.Sprite):                                        

    def __init__(self, image_file, speed, location):              

        pygame.sprite.Sprite.__init__(self)         

        self.image = pygame.image.load(image_file)                   

        self.rect = self.image.get_rect()                              

        self.rect.left, self.rect.top = location                      

        self.speed = speed                                           

                                                                       

    def move(self):                                                     

        if self.rect.left <= screen.get_rect().left or \               

                self.rect.right >= screen.get_rect().right:             

            self.speed[0] = - self.speed[0]                            

        newpos = self.rect.move(self.speed)          

        self.rect = newpos 
 

my_ball = Ball('beach_ball.png', [10,0], [20, 20])

running = True

while running: 

    for event in pygame.event.get(): 

        if event.type == pygame.QUIT: 

            running = False 

        elif event.type == pygame.KEYDOWN:                    

            if event.key == pygame.K_UP:                       

                my_ball.rect.top = my_ball.rect.top - 10       

            elif event.key == pygame.K_DOWN:                   

                my_ball.rect.top = my_ball.rect.top + 10  
 

    clock.tick(30) 

    screen.blit(background, (0, 0))                           

    my_ball.move()                                             

    screen.blit(my_ball.image, my_ball.rect)                  

    pygame.display.flip()                          

pygame.quit()

初始化

Ball 类定义，包括
move() 方法
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import pygame, sys                                  

pygame.init()                                       

screen = pygame.display.set_mode([640,480])          

background = pygame.Surface(screen.get_size())       

background.fill([255, 255, 255])                     

clock = pygame.time.Clock()                       

class Ball(pygame.sprite.Sprite):                                        

    def __init__(self, image_file, speed, location):              

        pygame.sprite.Sprite.__init__(self)         

        self.image = pygame.image.load(image_file)                   

        self.rect = self.image.get_rect()                              

        self.rect.left, self.rect.top = location                      

        self.speed = speed                                           

                                                                       

    def move(self):                                                     

        if self.rect.left <= screen.get_rect().left or \               

                self.rect.right >= screen.get_rect().right:             

            self.speed[0] = - self.speed[0]                            

        newpos = self.rect.move(self.speed)          

        self.rect = newpos 
 

my_ball = Ball('beach_ball.png', [10,0], [20, 20])

running = True

while running: 

    for event in pygame.event.get(): 

        if event.type == pygame.QUIT: 

            running = False 

        elif event.type == pygame.KEYDOWN:                    

            if event.key == pygame.K_UP:                       

                my_ball.rect.top = my_ball.rect.top - 10       

            elif event.key == pygame.K_DOWN:                   

                my_ball.rect.top = my_ball.rect.top + 10  
 

    clock.tick(30) 

    screen.blit(background, (0, 0))                           

    my_ball.move()                                             

    screen.blit(my_ball.image, my_ball.rect)                  

    pygame.display.flip()                          

pygame.quit()

创建 Ball 的一个实例

检查按键，让
球上移或下移

完全重绘

运行代码清单 18-2 中的程序，试着按下向上箭头和向下箭头。起作用吗？

重复按键

你可能已经注意到，如果保持按下向上或向下箭头不放，球只会向上或向下移

动一步。这是因为，我们没有告诉程序如果按键一直按下时该怎么做。用户按键时，

会生成一个 KEYDOWN事件，不过 Pygame 中还有一个设置，可以在按键一直按下时

生成多个 KEYDOWN事件。这称为按键重复（key repeat）。你要告诉它开始重复之前等

待多长时间，另外还要指出多长时间重复一次。这些值的单位都是毫秒（千分之一

秒）。可能像这样： delay = 100
interval = 50
pygame.key.set_repeat(delay, interval)

delay值告诉 Pygame 在开始重复之前等待多长时间，interval值告诉 Pygame
按键要以多快的速度重复，也就是说，各个 KEYDOWN事件之间要间隔多长时间。

试着把这个代码增加到代码清单 18-2（放在 pygame.init后面，不过要在

while循环前面），看看这会让程序的行为有什么变化。

事件名和按键名

查找按下的向上或向下箭头时，我们要寻找 KEYDOWN事件类型以及 K_UP和 K_
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DOWN按键名。还有其他事件吗？其他按键名是什么？

实际上还有相当多的事件，所以这里不打算一一列出。不过 Pygame 网站上提供

了所有事件的列表。可以在 Pygame 文档的 event 部分找到这个事件列表：

www.pygame.org/docs/ref/event.html

按键名列表放在 key 部分：

www.pygame.org/docs/ref/key.html

以下是我们将要使用的一些常用事件：

QUIT��

KEYDOWN��

KEYUP��

MOUSEMOTION��

MOUSEBUTTONUP��

MOUSEBUTTONDOWN��

Pygame 还给每个可以按下的键命了名。我们刚才看到了向上和向下箭头，它们

的名字分别是 K-UP和 K-DOWN。后面还会看到另外一些按键名，它们都以 K_开头，

后面是按键的名字，例如：

K�� _a, K_b（对应字母键）

K�� _SPACE

K�� _ESCAPE

等等。

18.3　鼠标事件

我们刚才看到了如何从键盘得到按键事件，以及如何使用这些事件来控制程序

中的某些方面。前面使用箭头键让沙滩球向上和向下移动。现在打算使用鼠标来控

制球。从中你会了解到如何处理鼠标事件以及如何使用鼠标位置信息。

最常用的 3 类鼠标事件如下：

MOUSEBUTTONUP��

MOUSEBUTTONDOWN��

MOUSEMOTION��
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最简单的事情是：只要鼠标在 Pygame 窗口中移动，就让沙滩球随着鼠标位置移

动。要移动沙滩球，我们将使用球的 rect.center属性。这样一来，球的中心就会

跟着鼠标移动。

我们要把 while循环中检测按键事件的代码替换为检测鼠标事件。

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

        elif event.type == pygame.MOUSEMOTION:

            my_ball.rect.center = event.pos 检测鼠标移动并移动球

这比检测键盘事件还要简单。对代码清单 18-2 完成以上修改，并试着运行这个程

序。event.pos部分是鼠标的位置（x 和 y 坐标）。只需要把球的中心移动到这个位置。

注意，只要鼠标在移动，球就跟着移动。也就是说，只要 MOUSEMOVE事件正在发生，

球就会随着移动。改变球的 rect.center会同时改变 x 和 y 位置。我们不再只是让

球向上或向下移动，而是会上下左右同时移动。如果没有鼠标事件（可能因为鼠标

没有移动，或者鼠标光标落在 Pygame 窗口之外），球就会继续在左右两边反弹。

现在试着只是在鼠标按钮保持按下时才让鼠标控制起作用。鼠标按钮保持按下

时移动鼠标称为拖动（dragging）。并没有一种 MOUSEDRAG事件类型，所以需要使用

现有的事件类型来得到我们希望的效果。

如何区分是否在拖动鼠标呢？拖动意味着鼠标移动时鼠标按钮一直保持按下。我们

可以利用 MOUSEBUTTONDOWN事件得到鼠标按钮何时按下，另外利用 MOUSEBUTTONUP

事件可以得到按钮何时松开（还原，不再按下）。因此只需跟踪按钮的状态，可以通

过建立一个变量来做到，我们将这个变量命名为 held_down。具体做法如下：

held_down = False

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

        elif event.type == pygame.MOUSEBUTTONDOWN:

            held_down = True           

        elif event.type == pygame.MOUSEBUTTONUP:

            held_down = False     

        elif event.type == pygame.MOUSEMOTION:

            if held_down:

                my_ball.rect.center = event.pos

确定鼠标按钮
是否保持按下

拖动鼠标时才执行

拖动条件（鼠标移动时鼠标按钮保持按下）在以上代码的最后一个 elif块中检

测。前面已经修改过代码清单 18-2，在这个修改后的代码中，对 while循环完成上
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述修改。运行这个程序，看看它的效果。

嘿，要知道我们从第 1 章就已经开始编程了！不

过，因为现在开始使用图形、动画精灵和鼠标，所以变

得更有意思了。前面说过会谈到这些内容。不过你要跟

现在我们要真
正开始编程了！

上我的思路，先来学习一些基础知识。

18.4　定时器事件

在这一章中，目前为止我们已经见过键盘事

件和鼠标事件。另一种非常有用的事件（特别是

在游戏和仿真中）是定时器事件（timer event）。
定时器会按固定的间隔生成事件，就像你的闹钟

一样。如果你设好闹钟，并把闹铃打开，每天它都会在固定的时刻响起来。

可以把 Pygame 定时器设置为任意间隔。如果定时器到时间，它会创建一个能够

被事件循环检测到的事件。那么它会生成什么类型的事件呢？它生成的是一种用户

事件（user event）。

Pygame 有很多预定义的事件类型。这些事件会编号（从 0 开始），它们还有

自己的名字以便我们记住。我们已经见过一些事件名，比如 MOUSEBUTTONDOWN和

KEYDOWN。除此以外，Pygame 还为用户定义的事件（user-defined event）留出了很大

空间。这些事件不是 Pygame 为特定事件预留的，你可以用它们表示任何事情，其中

之一就是定时器。

要在 Pygame 中设置定时器，要使用 set_timer()函数，如下：

pygame.time.set_timer(EVENT_NUMBER, interval)

EVENT_NUMBER是事件编号，interval是定时器多长时间（单位是毫秒）到期

并生成一个事件。

要使用什么 EVENT_NUMBER呢？应当使用 Pygame 还没有用过的一个编号（也就

是说，尚未将这个编号用于其他事件）。可以询问 Pygame 哪些编号已经占用。可以
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在交互模式中执行下面的命令： >>> import pygame
>>> pygame.USEREVENT
24

这会告诉我们，Pygame 正在使用从 0 到 23 的事件编号，对于用户事件，第一

个可用的编号是 24。所以需要选择 24 或一个更大的数。可以大到什么程度呢？可以

再来问一问 Pygame。

>>> pygame.NUMEVENTS
32

NUMEVENTS告诉我们 Pygame 中可以有的事件类型最大编号是 32（从 0 到 31）。
所以必须选择一个大于或等于 24 但小于 32 的数。可以像这样直接设置定时器：

pygame.time.set_timer(24, 1000)

不过，如果出于某种原因 USEREVENT的值有变化，这个代码可能就无法正常工

作了。可能这样做会更好一些： pygame.time.set_timer(pygame.USEREVENT, 1000)

如果我们必须建立另一个用户事件，可以使用 USEREVENT + 1，依此类推。这

个例子中的 1000 表示 1000 毫秒，也就是 1 秒，所以这个定时器每秒响一次。下面

把这个定时器放入我们反弹球程序中。

像前面一样，我们将利用事件让球上移或下移，不过由于这一次球并非由用户

来控制，我们要让它除了在左右两边反弹还会在上下边反弹。在修改代码清单 18-2
的基础上，完整的程序见代码清单 18-3。

代码清单 18-3　使用一个定时器事件让球上移和下移

import pygame, sys                                    

pygame.init()                                        

screen = pygame.display.set_mode([640,480])         

background = pygame.Surface(screen.get_size())       

background.fill([255, 255, 255])                    

clock = pygame.time.Clock() 

class Ball(pygame.sprite.Sprite):                                     

    def __init__(self, image_file, speed, location):           

        pygame.sprite.Sprite.__init__(self)                          

        self.image = pygame.image.load(image_file)                 

        self.rect = self.image.get_rect()                              

        self.rect.left, self.rect.top = location                      

        self.speed = speed                                            

    def move(self):                                                  

        if self.rect.left <= screen.get_rect().left or \

                self.rect.right >= screen.get_rect().right:            

            self.speed[0] = - self.speed[0]         

        newpos = self.rect.move(self.speed)    

        self.rect = newpos

 

my_ball = Ball('beach_ball.png', [10,0], [20, 20]) 

pygame.time.set_timer(pygame.USEREVENT, 1000)   

direction = 1 

running = True

while running: 

    for event in pygame.event.get(): 

        if event.type == pygame.QUIT: 

            running = False 

        elif event.type == pygame.USEREVENT:                             

            my_ball.rect.centery = my_ball.rect.centery + (30*direction) 

            if my_ball.rect.top <= 0 or  \

            my_ball.rect.bottom >= screen.get_rect().bottom:         

                direction = -direction             

    clock.tick(30) 

    screen.blit(background, (0, 0))                   

    my_ball.move()                                   

    screen.blit(my_ball.image, my_ball.rect)       

    pygame.display.flip()                

pygame.quit()

初始化

Ball 类定义

315 CHAPTER 23 Take a Chance—Randomness

This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

此行未完
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import pygame, sys                                    

pygame.init()                                        

screen = pygame.display.set_mode([640,480])         

background = pygame.Surface(screen.get_size())       

background.fill([255, 255, 255])                    

clock = pygame.time.Clock() 

class Ball(pygame.sprite.Sprite):                                     

    def __init__(self, image_file, speed, location):           

        pygame.sprite.Sprite.__init__(self)                          

        self.image = pygame.image.load(image_file)                 

        self.rect = self.image.get_rect()                              

        self.rect.left, self.rect.top = location                      

        self.speed = speed                                            

    def move(self):                                                  

        if self.rect.left <= screen.get_rect().left or \

                self.rect.right >= screen.get_rect().right:            

            self.speed[0] = - self.speed[0]         

        newpos = self.rect.move(self.speed)    

        self.rect = newpos

 

my_ball = Ball('beach_ball.png', [10,0], [20, 20]) 

pygame.time.set_timer(pygame.USEREVENT, 1000)   

direction = 1 

running = True

while running: 

    for event in pygame.event.get(): 

        if event.type == pygame.QUIT: 

            running = False 

        elif event.type == pygame.USEREVENT:                             

            my_ball.rect.centery = my_ball.rect.centery + (30*direction) 

            if my_ball.rect.top <= 0 or  \

            my_ball.rect.bottom >= screen.get_rect().bottom:         

                direction = -direction             

    clock.tick(30) 

    screen.blit(background, (0, 0))                   

    my_ball.move()                                   

    screen.blit(my_ball.image, my_ball.rect)       

    pygame.display.flip()                

pygame.quit()

创建 Ball 的一个实例

创建一个定时器
1000 ms = 1 秒

完全重绘

315 CHAPTER 23 Take a Chance—Randomness

This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

此行未完

记住，\ 是行联接符

315 CHAPTER 23 Take a Chance—Randomness

This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

。可以用它把正常情况下应该写在一行上的内容分为两

行来写。（不过不要在 \ 后面加任何空格，否则行联接符将不起作用。）

保存并运行代码清单 18-3 中的程序，应该能看到球来回移动（从一边到另一

边），另外还会向上或向下移动 30 个像素（每秒移动一次）。向上或向下移动就来自

定时器事件。

18.5　另一个游戏——PyPong 

这一节中，我们将把前面学到的内容集中在一起（包括动画精灵、碰撞检测和

事件），建立一个简单的“球拍与球”游戏，类似于 Pong。

先来看一个简单的单机版本。我们的游戏需要：

一个来回反弹的球；��

一个打球的球拍；��

一种控制球拍的方法；��

一种记录分数并在窗口上显示分数的方法；��

一种确定有几条“命”的方法�� —你有几次机会。

我们将在构建程序过程中逐个分析以上的需求。

定
时
器
的
事
件
处
理
器
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从前的美好时光
Pong 是最早人们在家里玩的视频游戏之一。原来的 Pong

游戏没有任何软件—只是一堆电路！那时还没有家用计算

机。Pong 要插入到你的电视上，你要用操纵杆来控制“球

拍”。下面是这个游戏在电视屏幕上的效果图：

很少有人知道的秘密：

奶奶不仅是一个 Pong 游戏高手，还是乒乓球世界冠军

呢！

球

我们之前使用的沙滩球对于 Pong 游戏来说有点大。我们需要小一点的球。卡特

和我为这个游戏想出了这个有些滑稽的网球小人：

他好像被吓
着了。

嘿，如果你被球拍打来打去，也会吓得够呛！

我们将在这个游戏中使用动画精灵，所以需要为我们的球建立一个精灵，然后

为它创建一个实例。我们将使用包含 __init__()和 move()方法的 Ball类。

228 Hello World!

He 
looks a little

scared.

We’ll start with a simple one-player version. Our game will need

� a ball to bounce around.
� a paddle to hit the ball with.
� a way to control the paddle.
� a way to keep score and display the score in the window.
� a way to keep track of “lives”—how many turns you get.

We’ll cover each of these requirements one-by-one as we build up our program.

The ball

The beach ball we have been using so far is a bit big for a Pong game. We need something 
smaller. Carter and I came up with this wacky tennis ball guy for our game:

Hey, you’d be scared too if you were about to get whacked 
around by a paddle!

We’re going to use sprites for this game, so we need to make a sprite for our ball and then 
create an instance of it. We’ll use the Ball class with __init__() and move() methods. 

class MyBallClass(pygame.sprite.Sprite):
    def __init__(self, image_file, speed, location):
        pygame.sprite.Sprite.__init__(self)  #call Sprite initializer
        self.image = pygame.image.load(image_file)
        self.rect = self.image.get_rect()
        self.rect.left, self.rect.top = location
        self.speed = speed

    def move(self):
        self.rect = self.rect.move(self.speed)
        if self.rect.left < 0 or self.rect.right > width:
            self.speed[0] = -self.speed[0]

        if self.rect.top <= 0 :
            self.speed[1] = -self.speed[1]

Bounces off the 
sides of the window

Bounces off the 
top of the window
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228 Hello World!

He 
looks a little

scared.

We’ll start with a simple one-player version. Our game will need

� a ball to bounce around.
� a paddle to hit the ball with.
� a way to control the paddle.
� a way to keep score and display the score in the window.
� a way to keep track of “lives”—how many turns you get.

We’ll cover each of these requirements one-by-one as we build up our program.

The ball

The beach ball we have been using so far is a bit big for a Pong game. We need something 
smaller. Carter and I came up with this wacky tennis ball guy for our game:

Hey, you’d be scared too if you were about to get whacked 
around by a paddle!

We’re going to use sprites for this game, so we need to make a sprite for our ball and then 
create an instance of it. We’ll use the Ball class with __init__() and move() methods. 

class MyBallClass(pygame.sprite.Sprite):
    def __init__(self, image_file, speed, location):
        pygame.sprite.Sprite.__init__(self)  #call Sprite initializer
        self.image = pygame.image.load(image_file)
        self.rect = self.image.get_rect()
        self.rect.left, self.rect.top = location
        self.speed = speed

    def move(self):
        self.rect = self.rect.move(self.speed)
        if self.rect.left < 0 or self.rect.right > width:
            self.speed[0] = -self.speed[0]

        if self.rect.top <= 0 :
            self.speed[1] = -self.speed[1]

Bounces off the 
sides of the window

Bounces off the 
top of the window

在窗口两边反弹

在窗口顶边反弹

创建球的实例时，我们会告诉它使用哪个图像、球的速度以及球的起始位置：

myBall = MyBallClass('wackyball.bmp', ball_speed, [50, 50])

还需要把这个球增加到一个组，以便完成球和球拍之间的碰撞检测。可以创建

组，同时把球增加到这个组：
ballGroup = pygame.sprite.Group(myBall)

球拍

对于球拍，我们仍然坚持 Pong 游戏的传统，只是使用一个简单的矩形。我们将

要使用一个白色背景，所以把球拍创建为一个黑色矩形。也要为球拍建立一个精灵

类和实例：
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When we create the instance of the ball, we’ll tell it which image to use, the speed of the 
ball, and its starting location:

We’ll also need to add the ball to a group, so we can do collision detection between the ball 
and the paddle. We can create the group and add the ball to it at the same time:

The paddle

For the paddle, we’ll stick with the Pong tradition and just use a simple rectangle. We’ll use 
a white background, so we’ll make the paddle a black rectangle. We’ll make a sprite class 
and instance for the paddle too:

Notice that, for the paddle, we didn’t load an image from an image file; we created one by 
filling a rectangular surface with black. But every sprite needs an image attribute, so we 
used the Surface.convert() method to convert the surface into an image.

The paddle can only move left or right, not up or down. We’ll make the paddle’s x-position 
(its left-right position) follow the mouse, so the user will control the paddle with the mouse. 
Because we’ll do this right in the event loop, we don’t need a separate move() method for 
the paddle. 

Controlling the paddle

As I mentioned in the last section, we’re going to control the paddle with the mouse. We’ll 
use the MOUSEMOTION event, which means the paddle will move whenever the mouse moves 
inside the Pygame window. Because Pygame only “sees” the mouse when it’s inside the 
Pygame window, the paddle will automatically be limited to the edges of the window. We’ll 
make the center of the paddle follow the mouse. 

The code should look like this:

myBall = MyBallClass('wackyball.bmp', ball_speed, [50, 50])

ballGroup = pygame.sprite.Group(myBall)

class MyPaddleClass(pygame.sprite.Sprite):
    def __init__(self, location):
        pygame.sprite.Sprite.__init__(self)  #call Sprite initializer
        image_surface = pygame.surface.Surface([100, 20])
        image_surface.fill([0,0,0])
        self.image = image_surface.convert()
        self.rect = self.image.get_rect()
        self.rect.left, self.rect.top = location

paddle = MyPaddleClass([270, 400])

Converts the 
surface to an image

Fills the surface with black

Creates a surface for the paddle

elif event.type == pygame.MOUSEMOTION:
            paddle.rect.centerx = event.pos[0]

                  为球拍创建一个表面

用黑色填充这个表面

将这个表面转换
到一个图像

注意，对于球拍，我们并没有加载图像文件：这里只是用黑色填充一个矩形

表面来创建一个图像。不过，每个精灵都需要一个 image属性，所以我们使用

Surface.convert()方法把表面转换为一个图像。

这个球拍只能左右移动，不能上下移动。我们让球拍的 x 位置（它的左右位置）

跟着鼠标移动，所以用户可以用鼠标来控制球拍。因为这个工作在事件循环中完成，

所以球拍不需要一个单独的 move()方法。

控制球拍

上一节已经提到过，我们将用鼠标控制球拍。这里要使用 MOUSEMOTION事件，

这说明只要鼠标在 Pygame 窗口内部移动，球拍就会移动。由于鼠标在 Pygame 窗口
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内时 Pygame 才能“看到”鼠标，所以球拍会自动限制在窗口的边界以内。我们将让

球拍的中心跟随鼠标移动。

代码应当像这样： elif event.type == pygame.MOUSEMOTION:
     paddle.rect.centerx = event.pos[0]

event.pos是一个列表，包含鼠标位置的 [x, y]值。所以 event.pos[0]会提

供鼠标移动时的 x 位置。当然，如果鼠标在左边界或右边界上，球拍会有一半在窗

口之外，不过这是可以的。

还需要最后一点：球和球拍之间的碰撞检测。我们就是利用这种“碰撞”才能

用球拍“打”球。出现碰撞时，只需让球的 y 速度反向（所以如果球在向下走，碰

到球拍时它会反弹，开始向上移动）。代码如下：

if pygame.sprite.spritecollide(paddle, ballGroup, False):
     myBall.speed[1] = -myBall.speed[1]

还要记住每次循环时都要重绘。如果把这些内容都集中在一起，就得到了一个

非常基本的类似 Pong 的程序。代码清单 18-4 给出了（至今为止）完整的代码。

代码清单 18-4　PyPong 的第一个版本

import pygame, sys 

from pygame.locals import * 

 

class MyBallClass(pygame.sprite.Sprite): 

    def __init__(self, image_file, speed, location):                    

        pygame.sprite.Sprite.__init__(self)                             

        self.image = pygame.image.load(image_file)                     

        self.rect = self.image.get_rect()                               

        self.rect.left, self.rect.top = location                       

        self.speed = speed                                              

                                                                      

    def move(self):                                                     

        self.rect = self.rect.move(self.speed)                      

        if self.rect.left < 0 or self.rect.right > screen.get_width(): 

            self.speed[0] = -self.speed[0]                          

                                                                   

        if self.rect.top <= 0 :          

            self.speed[1] = -self.speed[1]    

 

class MyPaddleClass(pygame.sprite.Sprite):                    

    def __init__(self, location = [0,0]):                       

        pygame.sprite.Sprite.__init__(self)                       

        image_surface = pygame.surface.Surface([100, 20])      

        image_surface.fill([0,0,0])                              

        self.image = image_surface.convert()                      

        self.rect = self.image.get_rect()                         

        self.rect.left, self.rect.top = location                 

pygame.init()                                                   

screen = pygame.display.set_mode([640,480])                 

clock = pygame.time.Clock()                                     

ball_speed = [10, 5]                                             

myBall = MyBallClass('wackyball.bmp', ball_speed, [50, 50]) 

ballGroup = pygame.sprite.Group(myBall)                        

paddle = MyPaddleClass([270, 400])                              

running = True 

while running:      

    clock.tick(30) 

    screen.fill([255, 255, 255]) 

球拍类定义

Ball 类定义

移动球（在顶边和
左右两边反弹）
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    for event in pygame.event.get(): 

        if event.type == QUIT: 

            running = False 

        elif event.type == pygame.MOUSEMOTION:        

            paddle.rect.centerx = event.pos[0]   

 

    if pygame.sprite.spritecollide(paddle, ballGroup, False):

        myBall.speed[1] = -myBall.speed[1]                     

    myBall.move()                 

    screen.blit(myBall.image, myBall.rect)       

    screen.blit(paddle.image, paddle.rect)        

    pygame.display.flip()

pygame.quit()

import pygame, sys 

from pygame.locals import * 

 

class MyBallClass(pygame.sprite.Sprite): 

    def __init__(self, image_file, speed, location):                    

        pygame.sprite.Sprite.__init__(self)                             

        self.image = pygame.image.load(image_file)                     

        self.rect = self.image.get_rect()                               

        self.rect.left, self.rect.top = location                       

        self.speed = speed                                              

                                                                      

    def move(self):                                                     

        self.rect = self.rect.move(self.speed)                      

        if self.rect.left < 0 or self.rect.right > screen.get_width(): 

            self.speed[0] = -self.speed[0]                          

                                                                   

        if self.rect.top <= 0 :          

            self.speed[1] = -self.speed[1]    

 

class MyPaddleClass(pygame.sprite.Sprite):                    

    def __init__(self, location = [0,0]):                       

        pygame.sprite.Sprite.__init__(self)                       

        image_surface = pygame.surface.Surface([100, 20])      

        image_surface.fill([0,0,0])                              

        self.image = image_surface.convert()                      

        self.rect = self.image.get_rect()                         

        self.rect.left, self.rect.top = location                 

pygame.init()                                                   

screen = pygame.display.set_mode([640,480])                 

clock = pygame.time.Clock()                                     

ball_speed = [10, 5]                                             

myBall = MyBallClass('wackyball.bmp', ball_speed, [50, 50]) 

ballGroup = pygame.sprite.Group(myBall)                        

paddle = MyPaddleClass([270, 400])                              

running = True 

while running:      

    clock.tick(30) 

    screen.fill([255, 255, 255]) 

初始化 Pygame、
时钟、球和球拍
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I tried this out, 
and it’s a little 

boring.

while 1:
    clock.tick(30) 
    screen.fill([255, 255, 255]) 
    for event in pygame.event.get(): 
        if event.type == QUIT: 
            sys.exit() 
        elif event.type == pygame.MOUSEMOTION: 
            paddle.rect.centerx = event.pos[0]

    if pygame.sprite.spritecollide(paddle, ballGroup, False):
        myBall.speed[1] = -myBall.speed[1]
    myBall.move()
    screen.blit(myBall.image, myBall.rect)
    screen.blit(paddle.image, paddle.rect)
    pygame.display.flip()  

Here’s what the program should 
look like when it runs:

Okay, so it’s not the most exciting game, but we’re just getting 
started with making games in Pygame. Let’s add a few more things to

   our PyPong game.

Keeping score and displaying it with pygame.font

There are two things we need to keep track of: the number of lives and the number of 
points. To keep things simple, we’ll give one point for each time the ball hits the top of the 
window. We’ll give the player three lives.

We’ll also need a way to display the score. Pygame uses a module called font for displaying 
text. Here’s how you use it:

The start of the 
main while loop

Moves paddle if 
mouse moves

Checks for ball 
hitting paddle

Redraws everything

Moves the ball

主 while 循环开始

如果鼠标移动，
就移动球拍

检查球
是否碰
到球拍

完全重绘

移动球

运行这个程序时应该能得到下面的结果。

我试过了，不过
没什么意思。

也许吧，这可能不是最让人兴奋的游戏，不过我们只是刚刚起步，才开始在

Pygame 中编写游戏。下面再向我们的 PyPong 游戏加些东西。

记录分数并用 pygame.font显示

我们要跟踪两个方面：还有几条命以及得了多少分。为了力求简单，每次球碰

到窗口顶边时我们会给 1 分。另外给每个玩家 3 条命。

图灵社区会员 FreeLink 专享 尊重版权



18.5　另一个游戏——PyPong 　　239

还需要一种方法来显示这个分数。Pygame 使用一个名为 font的模块显示文本。

可以这样来使用。

建立一个�� font对象，告诉 Pygame 你想要的字体样式和大小。

渲染文本，向字体对象传入一个字符串，它会返回一个绘制有这个文本的新��

的表面。

把这个表面块移到显示表面。��

术语箱
计算机图形学中，渲染（render）是指绘制某个东西，或者让它可见。

在这里，字符串就是玩家的分数（不过首先必须把它从一个 int转换为一个

string）。

我们需要类似下面的代码，要放在代码清单 18-4 中的事件循环前面（而且要在

paddle=MyPaddleClass([270,400]) 代码行后面）：

score_font = pygame.font.Font(None, 50)

score_surf = score_font.render(str(score), 1, (0, 0, 0))

score_pos = [10, 10]

创建字体对象

设置文本位置

渲染文本到表面
块 Score-surf

第一行中的第一个参数（这里是 None）可以告诉 Pygame 我们希望使用什么字

体（类型样式）。通过传入 None，就是在告诉 Pygame 要使用一个默认字体。

然后，在事件循环内部，我们需要这样的代码：

screen.blit(score_surf, score_pos) 把含有分数文本的表面块移到这个位置

这样每次循环时都会重绘分数文本。

我试过了，不过
得到一个错误
NameError！

当 然 了， 卡 特， 我 们 还 没 有 创 建

points 变量（我正打算这么做呢）。在创

建 font对象的代码前面增加这样一行代码：

score = 0
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现在，要跟踪分数……因为我们已经用球的 move()方法检测了球什么时候碰到

窗口的顶边（来完成反弹），所以只需要在这里再增加几行：

if self.rect.top <= 0 :

    self.speed[1] = -self.speed[1]

    score = score + 1                                          

    score_surf = score_font.render(str(score), 1, (0, 0, 0)) 两行新代码

球碰到顶边时还是
有一个错误！

Traceback (most recent call last):
   File "C:...", line 59, in <module>
myBall.move()
   File "C:\...", line 24, in move
score = score + 1
UnboundLocalError: local variable 'score'
referenced before assignment

唉呀！我们忘记命名空间的问题了。还记得第 15 章中那个又大又长的解释吗？

现在可以看到命名空间的一个实际例子了。尽管我们确实有一个名为 score的变量，

但是这里试图从 Ball类的 move()方法中使用这个变量。这个类在寻找一个名为

score的局部变量，而这个局部变量并不存在。实际上，我们希望使用先前已经创

建的全局变量，所以只需要告诉 move()方法使用全局变量 score，如下：

def move(self):
    global score

还要让 score_font（分数的 font对象）和 score_surf（包含渲染文本的表面块）

作为全局变量，因为它们是用 move()方法更新的。所以代码实际上应当像这样：

def move(self):

    global score, score_font, score_surf

现在应该能正常工作了！再试试看。应该能看到窗口左上角的分数，而且当你

把球弹到窗口顶边时这个分数应该会增加。

跟踪还有几条命

现在来跟踪还有几条命。对目前来说，如果漏了球，它就会从窗口底边掉下

去，再也看不到了。我们希望给玩家 3 条命或者 3 个机会，所以下面建立一个名为
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lives的变量，把它设置为 3。 lives = 3

玩家漏了球而且球掉到窗口底边后，要将 lives减 1，等待几秒，然后重新开

始，又提供一个新球： if myBall.rect.top >= screen.get_rect().bottom:
    lives = lives - 1
    pygame.time.delay(2000)
    myBall.rect.topleft = [50, 50]

这个代码要放在 while循环中。顺便说一句，为什么对于球我们会写成

myBall.rect，而对于 screen要写为 get_rect()呢？这有下面几个原因。

myBall�� 是一个动画精灵，动画精灵都包含一个 rect。

screen�� 是一个表面，而表面不包含 rect。可以用 get_rect()函数找到包

围一个表面的 rect。

如果做了上述修改，并运行程序，你会看到玩家现在有 3 条命。

增加一个生命计数器

很多游戏会给玩家多条命，大多数这样的游戏都会采用某种方法显示还剩下几

条命。我们这个游戏也可以做到这一点。

一种简单的方法是显示一些球，剩几条命就显示几个球。可以把这些球放在右

上角。以下是画出生命计数器的 for循环中使用的小公式：

for i in range (lives):
    width = screen.get_rect().width
    screen.blit(myBall.image, [width - 40 * i, 20])

这个代码也要放在主 while循环中，应当放在事件循环前面（但要在 screen.

blit(score_text, textpos)代码行之后）。

游戏结束

最后还需要增加一点：当玩家丢掉最后一条命时要显示一个“游戏结束”的消

息。我们要建立两个字体对象，分别包含我们的消息和玩家的最后分数，渲染这两

个文本（创建绘有文本的表面），再将这些表面块移到 screen。

另外还要在最后一局结束后避免球再次出现。为了做到这一点，要建立一个

done变量告诉我们何时游戏结束。运行在主 while循环中的以下代码会完成这项 
工作。
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if myBall.rect.top >= screen.get_rect().bottom:

    lives = lives - 1 

    if lives == 0:  

        final_text1 = "Game Over"

        final_text2 = "Your final score is:  " + str(score)

        ft1_font = pygame.font.Font(None, 70)

        ft1_surf = ft1_font.render(final_text1, 1, (0, 0, 0))

        ft2_font = pygame.font.Font(None, 50)

        ft2_surf = ft2_font.render(final_text2, 1, (0, 0, 0))

        screen.blit(ft1_surf, [screen.get_width()/2 - \           

                    ft1_surf.get_width()/2, 100])                   

        screen.blit(ft2_surf, [screen.get_width()/2 - \             

                    ft2_surf.get_width()/2, 200])                  

        pygame.display.flip()

        done = True

    else:  #wait 2 seconds, then start the next ball

        pygame.time.delay(2000)

        myBall.rect.topleft = [(screen.get_rect().width) - 40*lives, 20]

如果球碰到底边就减一条命

行联接符

将
文
本
在
窗
口

中
居
中
放
置

把所有这些内容集中在一起，可以得到最终的 PyPong 程序，如代码清单 18-5
所示。

代码清单 18-5　最终的 PyPong 代码

import pygame, sys 

 

class MyBallClass(pygame.sprite.Sprite):                              

    def __init__(self, image_file, speed, location):                    

        pygame.sprite.Sprite.__init__(self)                              

        self.image = pygame.image.load(image_file)                     

        self.rect = self.image.get_rect()                               

        self.rect.left, self.rect.top = location                        

        self.speed = speed                                               

                                                                        

    def move(self):                                                     

        global score, score_surf, score_font                             

        self.rect = self.rect.move(self.speed)                           

        if self.rect.left < 0 or self.rect.right > screen.get_width():  

            self.speed[0] = -self.speed[0]                              

                                                                         

        if self.rect.top <= 0 :                                          

            self.speed[1] = -self.speed[1]                               

            score = score + 1                                           

            score_surf = score_font.render(str(score), 1, (0, 0, 0))

 

class MyPaddleClass(pygame.sprite.Sprite):                              

    def __init__(self, location = [0,0]):                                

        pygame.sprite.Sprite.__init__(self)                             

        image_surface = pygame.surface.Surface([100, 20])              

        image_surface.fill([0,0,0])                          

定义 Ball 类

定义球拍类
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        self.image = image_surface.convert()                        

        self.rect = self.image.get_rect()                            

        self.rect.left, self.rect.top = location           

pygame.init() 

screen = pygame.display.set_mode([640,480])                      

clock = pygame.time.Clock()                                      

myBall = MyBallClass('wackyball.bmp', [10,5], [50, 50])          

ballGroup = pygame.sprite.Group(myBall)                           

paddle = MyPaddleClass([270, 400])                               

lives = 3                                                         

score = 0                                                 

score_font = pygame.font.Font(None, 50)                         

score_surf = score_font.render(str(score), 1, (0, 0, 0))        

score_pos = [10, 10]                                    

done = False    

running = True                                               

while running:            

    clock.tick(30) 

    screen.fill([255, 255, 255]) 

    for event in pygame.event.get(): 

        if event.type == pygame.QUIT: 

            running = False 

        elif event.type == pygame.MOUSEMOTION:   

            paddle.rect.centerx = event.pos[0]     

    if pygame.sprite.spritecollide(paddle, ballGroup, False):

        myBall.speed[1] = -myBall.speed[1]                  

    myBall.move()           

    if not done:                                                

        screen.blit(myBall.image, myBall.rect)                 

        screen.blit(paddle.image, paddle.rect)                

        screen.blit(score_surf, score_pos)                    

        for i in range (lives):                                

            width = screen.get_width()                        

            screen.blit(myBall.image, [width - 40 * i, 20])    

        pygame.display.flip()                            

    if myBall.rect.top >= screen.get_rect().bottom:  

        lives = lives - 1                                

        if lives == 0:                                              

            final_text1 = "Game Over"                                

            final_text2 = "Your final score is:  " + str(score)     

            ft1_font = pygame.font.Font(None, 70)                   

            ft1_surf = ft1_font.render(final_text1, 1, (0, 0, 0))   

            ft2_font = pygame.font.Font(None, 50)                   

            ft2_surf = ft2_font.render(final_text2, 1, (0, 0, 0))    

            screen.blit(ft1_surf, [screen.get_width()/2 - \          

                        ft1_surf.get_width()/2, 100])                

            screen.blit(ft2_surf, [screen.get_width()/2 - \        

                        ft2_surf.get_width()/2, 200])                

            pygame.display.flip()                                   

            done = True                                    

        else:                                                  

            pygame.time.delay(2000)                        

            myBall.rect.topleft = [50, 50]      

pygame.quit()

初始化

创建 font 对象

主程序（while 循环）
开始

检测鼠标运动，移动球拍

移动球

检测球与球拍
之间的碰撞

完全重绘

如果球碰到底边
就减一条命

创建和
绘制最
终的分
数文本

2 秒之后，获得新的
一条命，重新开始

定义球拍类
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如果运行代码清单 18-5 中的

代码，应该能看到这样的结果。

如果在编辑器中注意观察，可以看到这大约有 75 行代码（加上一些空行）。这

是目前为止我们创建的最大的程序了，虽然运行时看起来很简单，但却包含了丰富

的内容。

下一章，我们将要学习 Pygame 中的声音，另外还会向这个 PyPong 游戏添加一

些声音。

110 Hello World!

Just imagine how tedious it would be to work out the calories for all these combinations by 
hand, even if you had a calculator to do the math. It’s way more fun to write a program to 
figure it all out for you. Looping and a bit of math in Python make it a snap!

What did you learn?

In this chapter, you learned about

� nested loops.
� variable loops.
� permutations and combinations.
� decision trees.

Test your knowledge
1 How do you make a variable loop in Python?

2 How do you make a nested loop in Python?

# 4       0        0        0        1        1        60
# 5       0        0        1        0        0        80
# 6       0        0        1        0        1        120
# 7       0        0        1        1        0        100
# 8       0        0        1        1        1        140
# 9       0        1        0        0        0        120
# 10      0        1        0        0        1        160
# 11      0        1        0        1        0        140
# 12      0        1        0        1        1        180
# 13      0        1        1        0        0        200
# 14      0        1        1        0        1        240
# 15      0        1        1        1        0        220
# 16      0        1        1        1        1        260
# 17      1        0        0        0        0        140
# 18      1        0        0        0        1        180
# 19      1        0        0        1        0        160
# 20      1        0        0        1        1        200
# 21      1        0        1        0        0        220
# 22      1        0        1        0        1        260
# 23      1        0        1        1        0        240
# 24      1        0        1        1        1        280
# 25      1        1        0        0        0        260
# 26      1        1        0        0        1        300
# 27      1        1        0        1        0        280
# 28      1        1        0        1        1        320
# 29      1        1        1        0        0        340
# 30      1        1        1        0        1        380
# 31      1        1        1        1        0        360
# 32      1        1        1        1        1        400
>>>

你学到了什么

在这一章，你学到了以下内容。

事件。��

Pygame 事件循环。��

事件处理。��

键盘事件。��

鼠标事件。��

定时器事件（以及用户事件类型）。��

pygame.font�� （用于向 Pygame 程序添加文本）。

把所有内容集中在一起建立一个游戏！��

测试题

1. 程序可以响应哪两种事件？

2. 处理事件的代码叫什么？
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3. Pygame 检测按键时使用的事件类型名是什么？

4. MOUSEMOVE事件的哪个属性指出了鼠标位于窗口的哪个位置？

5.  如何找出 Pygame 中下一个可用的事件编号（例如，如果你想添加一个用户事

件）？

6. 如何创建一个定时器在 Pygame 中生成定时器事件？

7. 在 Pygame 窗口中显示文本时要使用什么对象？

8. 要让文本出现在一个 Pygame 窗口中，需要哪 3 个步骤？

动手试一试

1.  如果球没有碰到球拍的顶边，而是碰到了球拍的左右两边，有没有什么奇怪

的现象发生？它会在球拍中间持续反弹一段时间。你明白这是为什么吗？你

能解决这个问题吗？我在后面的答案中给出了一个解决方案，不过在看答案

之前你自己先试试看。

2.  试着重写这个程序（代码清单 18-4 或代码清单 18-5），让球的反弹有点随

机性。可以改变球在球拍或墙上反弹的方式，使用随机的速度，或者也可

以采用你能想到的其他做法。（我们在第 15 章见过 random.randint()和

random.random()，所以你应该知道如何生成随机数，包括整数和浮点数。）
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第 19 章

声　　音

上一章中，我们使用之前学到的关于图形、动画精灵、碰撞、动画和事件的知

识建立了我们的第一个图形游戏 PyPong。这一章将会再增加一个内容：声音。为了

让程序更有趣、更好玩，视频游戏和很多其他程序都使用了声音。

声音既可以作为输入，也可以作为输出。作为输入，需要把一个麦克风或其他

音源连接到计算机，程序

会把声音记录下来，或者

对它做其他处理（可能通

过互联网发送）。不过声音

作为输出更为常见，这也

是这本书要讨论的内容。

我们将学习如何播放音乐

或音效等声音，以及如何

把它们添加到程序中（比

如 PyPong）。

19.1　从 Pygame 寻求更多帮助—mixer

有些内容可能很复杂，比如图形，声音也是如此，因为不同的计算机播放声音

的硬件和软件不同。为了让问题简单一些，我们还是打算从 Pygame 寻求一些帮助。

Pygame 有一个处理声音的模块，名为 pygame.mixer。在真实世界中，取不同

的声音并把它们混合在一起的设备叫做“混音器”（mixer），Pygame 中的模块也正是

因此得名。
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19.2　制造声音与播放声音

程序产生声音有两种基本方式。程序可以生成或合成声音—这是指制造不同

音高和音量的声波来从头创建声音。或者程序也可以播放一段录制的声音。这可以

是 CD 上的一段音乐、一个 MP3 声音文件，或者其他类型的声音文件。

在这本书中，我们只学习如何播放声音。要从零开始制作我们自己的声音，这

个主题涵盖的内容太多，而这本书的篇幅有限，根本没办法详细介绍。如果你对计

算机生成的声音感兴趣，目前有很多程序可以利用，这些程序能够从计算机生成音

乐和声音。

19.3　播放声音

播放声音时，要从硬盘（或从 CD，或者有时从互联网）得到一个声音文件，把

它转换成可以在计算机的扬声器或耳机上听到的声音。计算机上可以使用多种不同

类型的声音文件。以下是比较常见的类型。

波形文件�� —文件名以 .wav 结尾，如 hello.wav。
MP3 文件�� —文件名以 .mp3 结尾，如 mySong.mp3。
WMA（Windows 媒体音频，Windows Media Audio）文件�� —文件名以 .wma
结尾，如 someSong.wma。
Ogg Vorbis 文件�� —文件名以 .ogg 结尾，如 yourSong.ogg。

我们的例子中打算使用 .wav 和 .mp3 文件。我们将要使用的所有声音都放在

这本书安装目录下的 \sounds 文件夹中。例如，在 Windows 计算机上，就应该在

c:\Program Files\HelloWorld\examples\sounds 里。

在程序中包含一个声音文件有两种方法。可以把声音文件复制到保存程序的同

一个文件夹中。Python 会在这里查找文件，所以可以在程序中直接使用这个文件的

名，例如：

sound_file = "my_sound.wav"

如果声音文件没有复制到程序所在的同一个文件夹中，就必须把声音文件的位

置明确地告诉 Python，例如：

sound_file = "c:\Program Files\HelloWorld\sounds\my_sound.wav"

举几个例子，假设你已经把声音文件复制到保存程序的文件夹。这说明，只要

在例子中用到声音文件，你只会看到文件名，而不是文件的完整位置。如果声音文
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启动 pygame.mixer

要播放声音，首先必须初始化（initialize）pygame.mixer。还记得初始化是什

么意思吗？指的是开始时让某个东西做好准备。 

让 pygame.mixer做好准备很容易。只需要在初始化 Pygame 之后增加一行代码：

pygame.mixer.init()

所以，使用 Pygame 处理声音的程序中最前面几行代码应该像这样：

import pygame
pygame.init()
pygame.mixer.init()

现在我们已经做好准备可以播放声音了。这些程序主要使用两种类型的声音。

第一种是音效或声音片段。这些声音往往很短，通常保存在 .wav 文件中。对于这种

类型的声音，pygame.mixer会使用一个 Sound对象，如下：

splat = pygame.mixer.Sound("splat.wav")
splat.play()

另一种大量使用的声音是音乐。音乐大多存储在 .mp3、.wma 或 .ogg 文件中。

要播放这些音乐， Pygame 会使用 mixer中的 music模块。可以这样来使用：

pygame.mixer.music.load("bg_music.mp3")
pygame.mixer.music.play()

这样歌曲（或音乐文件里的任何音乐）会播放一

次，然后停止。

下面来试着播放一些声音。首先来播放“啪啪”

声。

如果使用这本书的安装程序
来安装，那么这些例子的所有声音
文件都已经在你的硬盘上了。否
则， 可 以 在 本 书 的 网 站（www.helloworldbook2.com.）上找到这些
声音文件。

件没有复制到程序文件夹，就要把文件

名替换为完整的文件位置。
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我们还需要一个 while循环来保证 Pygame 程序一直运行。另外，尽管目前没

有画任何图形，但 Pygame 程序仍然需要有一个窗口。而且，在某些系统上，mixer

初始化还需要一点时间。如果播放声音太快，你可能只能听到声音的一部分，或者根

本什么都听不到。所以我们会等一会，直到 mixer准备好。这个代码见代码清单 19-1。

代码清单 19-1　尝试在 Pygame 中播放声音

import pygame, sys

pygame.init()                                           

pygame.mixer.init()

screen = pygame.display.set_mode([640,480])                    

pygame.time.delay(1000)                                          

splat = pygame.mixer.Sound("splat.wav")                          

splat.play()

running = True                 

while running:                                              

    for event in pygame.event.get():                    

        if event.type == pygame.QUIT:                     

            running = False  

pygame.quit()

初始化 Pygame
和 mixer

创建一个 Pygame 窗口

等 1 秒钟让 mixer 完成初始化

创建声音对象
播放声音

Pygame 事件循环

试着运行这个程序，看看它的效果如何。

现在来使用 mixer.music模块播放一些音乐。只需要修改代码清单 19-1 中的几

行代码。新代码见代码清单 19-2。

代码清单 19-2　播放音乐

import pygame, sys

pygame.init()

pygame.mixer.init()

screen = pygame.display.set_mode([640,480])

pygame.time.delay(1000)

pygame.mixer.music.load("bg_music.mp3")  

pygame.mixer.music.play()        

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

修改这两行代码

再来试一试，确保你能听到音乐。
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我不知道你的具体情况，不过对我来说听起来声音太大了。我必须把计算机的

音量调小。下面来看如何在程序中控制声音的音量。

19.4　控制音量

可以使用音量控制开关来

控制计算机上的声音音量。在

Windows 系统上，这是利用系统

托盘里的小扬声器图标完成的。

这个设置会控制计算机上所有声

音的音量。你的扬声器本身可能也有一个音量控制杆。

不过除此以外，我们还可以控制 Pygame 发送到计算机声卡的音量。

好在我们可以单独控制每个声音的音量，

例如，可以让音乐音量小一些，让“啪啪”

声更响一些。

要设置音乐的音量，需要使用 pygame.mixer.

music.set_volume()。而每个声音对象都有一个 set_

volume()方法。在第一个例子中，声音对象的名字是

splat，所以我们使用了 splat.set_volume()。音量是一

个介于 0 到 1 的浮点数；例如，0.5 就是最大音量的 50% 或一半。

现在试着在同一个程序中播放音乐和声音。先来播放一首歌曲，

在最后再播放“啪啪”声。还要把声音的音量调低一下。我们把音乐的音量设置为

30%，“啪啪”声的音量为 50%。这个代码见代码清单 19-3。

代码清单 19-3　有音量调节的音乐和声音

import pygame, sys

pygame.init()

pygame.mixer.init()

screen = pygame.display.set_mode([640,480])

pygame.time.delay(1000)

pygame.mixer.music.load("bg_music.mp3")

pygame.mixer.music.set_volume(0.30) 

pygame.mixer.music.play()

splat = pygame.mixer.Sound("splat.wav")

splat.set_volume(0.50)     

splat.play()                                                     

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

调节音乐的音量

调节音效的音量

就像一些视频游戏，
它们就有自己的音

量控制。
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splat = pygame.mixer.Sound("splat.wav")

splat.set_volume(0.50)     

splat.play()                                                     

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

pygame.quit()

试着运行这个程序，看看它的效果。

嘿，它从一开始
就“啪啪”响！
根本没有等歌曲

播放完。

怎么会这样？
卡特注意到这样一个问题：程序一旦开始

播放音乐，就会继续做下一件事，在这里就是播放“啪

啪”声。为什么会出现这种情况呢？原因是：通常我们

都是使用背景音乐，你肯定不希望程序只是“呆坐在那

里”，一直等到整首歌都播放完之后才开始做事情。在

下一节中，我们会让它按我们希望的方式工作。

播放背景音乐

背景音乐是指玩游戏时在背景播放的音乐。所以一旦开始播放背景歌曲，

Pygame 必须做好准备来做其他事情，比如移动动画精灵，或者检查是否有鼠标和键

盘输入。它不会一直等到歌曲播放完。

但是如果你想知道歌曲什么时候结束该怎么做呢？你可能希望等这首歌播放完

就播放另一首歌或者另一个声音（就像我们现在要做的一样）。你怎么知道音乐什么

时候结束呢？为此，Pygame 提供了一种方法：你可以询问 mixer.music模块是否还

在忙于播放一首歌。如果忙，就能知道歌曲还没有播放完。如果它不忙，说明歌曲

已经结束。下面就来试一试。

要查看 music模块是否在忙于播放一首歌，可以使用 mixer.music模块的

get_busy()函数。如果它仍在忙，这个函数会返回值 True；如果不忙，函数会返

回 False。这一次，我们要让程序先播放歌曲，然后播放音效，再自动结束程序。

代码清单 19-4 显示了如何完成这些工作。

代码清单 19-4　等待歌曲结束

import pygame, sys

pygame.init()

pygame.mixer.init()

screen = pygame.display.set_mode([640,480])

pygame.time.delay(1000)

pygame.mixer.music.load("bg_music.mp3")

pygame.mixer.music.set_volume(0.3) 

pygame.mixer.music.play()

splat = pygame.mixer.Sound("splat.wav")

splat.set_volume(0.5) 

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

    if not pygame.mixer.music.get_busy(): 

        splat.play()

        pygame.time.delay(1000)    

        running = False

pygame.quit()
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import pygame, sys

pygame.init()

pygame.mixer.init()

screen = pygame.display.set_mode([640,480])

pygame.time.delay(1000)

pygame.mixer.music.load("bg_music.mp3")

pygame.mixer.music.set_volume(0.3) 

pygame.mixer.music.play()

splat = pygame.mixer.Sound("splat.wav")

splat.set_volume(0.5) 

running = True

while running:

    for event in pygame.event.get():

        if event.type == pygame.QUIT: 

            running = False

    if not pygame.mixer.music.get_busy(): 

        splat.play()

        pygame.time.delay(1000)    

        running = False

pygame.quit()

检查音乐是否播放完毕

等待 1 秒钟让“啪啪”
声结束

这个代码会播放一次歌曲，接下来播放音效，然后程序会结束。

19.5　重复音乐

如果要使用一首歌作为游戏的背景音

乐，你可能希望只要程序在运行，音乐就

一直继续下去。music模块可以做到这一

点。可以让音乐重复播放一定的次数，比

如： pygame.mixer.music.play(3)

这会让歌曲播放 3 次。

还可以传入一个特殊值 -1，这会让歌

曲永远重复下去，如下：

pygame.mixer.music.play(-1)

这样一来，歌曲会一直重复播放，或者只要 Pygame 程序在运行就一直播放。

（实际上，不一定非得是 -1。任何负数都可以达到这个目的。）

19.6　为 PyPong 增加声音

我们已经了解了播放声音的基础知识，下面向我们的 PyPong 游戏添加一些声音。

首先，每次球碰到球拍时要增加一个声音。我们已经知道球什么时候碰到球拍，

Pygame 文 档 中 称，pygame.
mixer.music.play(3) 会 播 放 4
次歌曲：第一次再加 3 次重复。这
一点他们弄错了。这行代码只会播
放 3 次歌曲。
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因为前面使用了碰撞检测，当球碰到球拍时要让它反向。应该记得代码清单 18-5 中

的代码：

if pygame.sprite.spritecollide(paddle, ballGroup, False):
    myBall.speed[1] = -myBall.speed[1]

现在需要增加代码播放声音。我们需要在程序最前面增加一行 pygame.mixer.

init()，还要创建声音对象以备使用： hit = pygame.mixer.Sound("hit_paddle.wav")

另外还要设置音量，让声音不至于太吵： hit.set_volume(0.4)

当球碰到球拍时，播放这个声音：

246 Hello World!

Now we need to add the code that plays a sound. We need to add pygame.mixer.init() 
near the start of the program, and we’ll also create the sound object so it’s 
ready to use:

We’ll also set the volume so it’s not too loud:

Then, when the ball hits the paddle, we’ll play the sound:

Try adding this to the PyPong 
program from listing 18.5. 
Make sure you copy the 
hit_paddle.wav file to the 
same place you’re saving 
your program. When you run 
it, you should hear a sound 
every time the ball hits the 
paddle.

More wacky sounds
Now that we have the hit sound when the ball hits the paddle, let’s add a few other 
sounds. We’ll add sounds for these things:

� when the ball hits the side walls
� when the ball hits the top wall and the player scores a point
� when the player misses the ball and the ball hits the bottom 
� when a new life starts
� when the game ends

if pygame.sprite.spritecollide(paddle, ballGroup, False):
    myBall.speed[1] = -myBall.speed[1]
    hit.play()

hit = pygame.mixer.Sound("hit_paddle.wav")

hit.set_volume(0.4)

Plays the sound播放声音

把这个代码添加到代码清单

18-5 的 PyPong 程序中。一定要把

hit_paddle.wav 文件复制到保存程

序的同一个位置。运行这个程序

时，每次球碰到球拍时你都会听到

一个声音。

 

19.7　更多声音

球碰到球拍时会发出 hit声音，下面再增加另外一些声音。我们将为下面这些

情况添加声音：

球碰到两边的墙时；��

球碰到顶边而且玩家得分时；��

玩家漏球，球碰到底边时；��

新的一条命开始时；��

游戏结束时。��
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The word queue is pronounced “cue.” In everyday use, it means 
a waiting line.

In programming, queue usually means a list of things that 
have arrived in a particular order or that will be used in a 
particular order.

首先需要为所有这些情况创建声音对象。可以把相应代码放在 pygame.mixer.

init()之后但在 while循环之前的任何位置上。

hit_wall = pygame.mixer.Sound("hit_wall.wav")
hit_wall.set_volume(0.4)
get_point = pygame.mixer.Sound("get_point.wav")
get_point.set_volume(0.2)
splat = pygame.mixer.Sound("splat.wav")
splat.set_volume(0.6)
new_life = pygame.mixer.Sound("new_life.wav")
new_life.set_volume(0.5)
bye = pygame.mixer.Sound("game_over.wav")
bye.set_volume(0.6)

这里我选择了不同的音量，这只是为了看看哪种音量听起来最合适。可以按你

的喜好来设置音量。另外要记住，所有声音文件都要复制到保存代码的位置上。这

些声音都可以在 \examples\sounds 文件夹或者本书网站上找到。

现在需要在发生这些事件时的相应代码中增加 play()方法。只要碰到窗口左右

两边就应当发出 hit_wall声音。这个事件在球的 move()法中检测，我们还要让球

的 x 速度反向（使球在两边“反弹”）。在原来的代码清单 18-5 中，这是第 14 行 (if 

self.rect.left < 0 or self.rect.right > screen.get_width():）。

所以，在反向时还可以播放声音。代码如下：

if self.rect.left < 0 or self.rect.right > screen.get_width():

    self.speed[0] = -self.speed[0]

    hit_wall.play() 碰到两边的墙时播放声音

可以对 get_point声音做同样的处理。在球的 move()方法下面一点点的地方，

我们检测了球是否碰到窗口顶边。在这里要让球反弹，并为玩家加 1 分。现在还要

播放一个声音。新代码如下：

247 CHAPTER 19 Sound

First we need to create sound objects for all of these. You can put the code anywhere after 
pygame.mixer.init() but before the while loop:

I picked the volume levels by just trying it out to see what sounded right. You can set them 
to whatever you like. And remember to copy all the sound files to wherever you’re saving 
your code. All of these sounds can be found in the \examples\sounds folder, or on the web 
site.

Now we need to add the play() methods to the places where these events occur. The 
hit_wall sound should happen whenever we hit the sides of the window. We detect this in 
the ball’s move() method, and we reverse the ball’s x-speed (to make the ball “bounce” off 
the sides). In the original listing 18.5, this is in line 15 (if self.rect.left < 0 or 
self.rect.right > screen.get_width():). In SPE, you can see the line numbers down the 
left side of the editor window.

So when we reverse direction, we can also play our sound. The code would look like this:

We can do the same thing for the get_point sound. Just a little farther down in the ball’s 
move() method, we detect the ball hitting the top of the window. That’s where we bounce 
the ball and add a point to the player’s score. Now we’re going to play a sound as well. The 
new code would look like this:

Give these additions a try to see how they work.

hit_wall = pygame.mixer.Sound("hit_wall.wav")
hit_wall.set_volume(0.4)
get_point = pygame.mixer.Sound("get_point.wav")
get_point.set_volume(0.2)
splat = pygame.mixer.Sound("splat.wav")
splat.set_volume(0.6)
new_life = pygame.mixer.Sound("new_life.wav")
new_life.set_volume(0.5)
bye = pygame.mixer.Sound("game_over.wav")
bye.set_volume(0.6)

if self.rect.top <= 0 :
    self.speed[1] = -self.speed[1]
    points = points + 1
    score_text = font.render(str(points), 1, (0, 0, 0))
    get_point.play()

if self.rect.left < 0 or self.rect.right 
  > screen.get_width():
    self.speed[0] = -self.speed[0]
    hit_wall.play()

Plays the sound for 
hitting the side wall

Plays the sound for getting a point得分时播放声音

增加这些代码后，试着运行程序，看看有什么效果。

接下来继续增加代码，当玩家漏球而丢掉一条命时会播放一个声音。这个事件

在主 while循环中检测，也就是原来的代码清单 18-5 中的第 63 行（if myBall.

rect.top >= screen.get_rect().bottom:）。只需再增加这样一行代码：
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还可以在新的一条命开始时增加一个声音。这种情况在代码清单 18-5 的最后 3
行代码发生（也就是 else块中）。这一次我们会在开始新的一条命之前留出一点时

间来播放音效：

else:
   pygame.time.delay(1000)
   new_life.play()
   myBall.rect.topleft = [50, 50]
   screen.blit(myBall.image, myBall.rect)
   pygame.display.flip()
   pygame.time.delay(1000)

与原来的程序不同，现在不是等待 2 秒，我们会等待 1 秒（1000 毫秒），再播放

声音，然后在开始下一轮之前再等待 1 秒。可以试试看，听听效果如何。

这里还要增加一个音效：游戏结束时需要播放一个声音。这种情况在代码清单

18-5 的第 65 行发生（if lives == 0:）。在这里增加下面这行代码，就会播放 bye

声音： if lives == 0:
    bye.play()

试试看效果如何。

248 Hello World!

At the end of 
the game, the bye sound 

and the splat sound started 
playing over and over!

Next we can add the code to play a sound when the player misses the ball and loses a life. 
We detect this in the main while loop, in line 67 of the original listing 18.5 (if
myBall.rect.top >= screen.get_rect().bottom:). We just need to add a line like this:

We can also add a sound when the new life starts. This happens in the last three lines of list-
ing 18.5, in the else block. This time we’ll give our sound effect a little time to play before 
we start the new life:

Instead of waiting two seconds (like we did in the original program), we wait one second 
(1000 milliseconds), play the sound, and then wait another second before starting the new 
turn. Give it a try and see how it sounds. 

There’s one more sound effect to add, and that’s when the game is over. This happens in 
line 69 of listing 18.5 (if lives == 0:). 
Add the line to play the bye sound here:

Try this and see how it works.

Oops! We forgot something. The code that plays the bye 
sound and the splat sound is in the main while loop, 
which doesn’t stop until the Pygame window is closed, so 

it keeps playing over and over as long as the while loop 
runs! We need to add something to make sure it only plays once. 

if myBall.rect.top >= screen.get_rect().bottom:
        splat.play()
        # lose a life if the ball hits the bottom
        lives = lives - 1

Plays the sound for missing 
a ball and losing a life

else:
    pygame.time.delay(1000)            
    new_life.play()
    myBall.rect.topleft = [50, 50]
    screen.blit(myBall.image, myBall.rect)
    pygame.display.flip()
    pygame.time.delay(1000) 

if lives == 0:
    bye.play() 

当漏球而丢掉一条
命时播放声音

游戏结束时，开始没完没了
地响起 bye 和 splat 声！

唉呀！我们忘了一件事。播放 bye 声音

和 splat 声 音 的 代 码 放 在 主 while 循 环 中，

Pygame 窗口关闭前它们是不会停止的，所以只

要 while循环在运行，声音就会反复播放！需要

增加一些代码来确保它只会播放一次。
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这里就要使用前面定义的 done变量了，它会告诉我们游戏何时结束。可以把代

码修改成下面这样：

249 CHAPTER 19 Sound

I noticed 
something 

else. 
Even after 

the game is over, 
it sounds like the ball 
is still bouncing off 

the walls!?

One thing we can use is the variable called done, which tells us when the game is over. We 
can just change our code to look like this:

Try that and make sure it works.

Hmmm . . . We might need to think about this 
one a bit. We have our done variable to tell us when the 

game is over, and we’re using that to know when to play our 
bye sound and also when to display the final message with the 
score. But what’s the ball doing?

Even though the ball has reached the bottom of the window, it’s still moving! There’s noth-
ing to stop the ball from going farther down, so its y-value just keeps getting bigger. It’s 
“below” the bottom of the screen where we can’t see it, but we can still hear it! The ball is 
still moving, so it’s still bouncing off the “sides” whenever its x-value gets big enough or 
small enough. That happens in the move() method, and that method keeps running as long 
as the while loop is running.

How can we fix it? There are a few ways. We could

� stop the ball from moving by setting its speed to [0,0] when the game is over.
� check if the ball is below the bottom of the window, and don’t play the hit_wall 

sound if it is.
� check the done variable and don’t play the hit_wall sound if the game is done.

I picked the second one, but any of them would work. I’ll leave it up to you to pick one and 
modify your code to fix this problem.

if myBall.rect.top >= screen.get_rect().bottom:
        if not done:
            splat.play()
        lives = lives - 1
        if lives == 0:
            if not done:
                bye.play()  

Makes sure the sound 
only plays once

试试看，确认程序能正常工作。

确保声音只
播放一次

嗯……这个问题可能需要稍稍考虑一下。

这里通过 done变量来告诉我们游戏何时结束，

利用这一点，我们能够知道什么时候播放 bye

声音，以及什么时候显示最后的分数消息。不

过这球在干嘛？

我注意到另
外一个问题。

尽管游戏已经结束，
但听起来球好像还在
墙上不停地反弹！ ?

尽管球已经到达窗口底边，但它仍然在不停地移动！球在继续向下走，越走越

远，没有什么来阻止它，所以它的 y 值会越来越大。虽然它在屏幕底边的“下面”，

我们看不到，但是仍然能够听到它的声音！球仍在移动，所以当球的 x 值变得足够

大或者足够小时，它还会在“左右两边”上反弹。这种情况发生在 move()方法中，

只要 while循环在运行，这个方法就会一直运行。

怎么解决这个问题呢？我们可以采用以下几种办法。

游戏结束时把球的速度设置为 [0,0] 来阻止球继续移动。��

查看球是否在窗口底边以下，如果是，就不再播放�� hit_wall声音。

检查�� done变量，如果游戏已经结束就不再播放 hit_wall声音。

我选择了第二种方法，不过上面这几种方法都能奏效。你可以选择以上的任意

一种方法，修改你的代码来解决这个问题。
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19.8　为 PyPong 添加音乐

还有一件事要做，就是添加音乐。需要加载音乐文件，设置音量，然后开始播

放。我们希望玩游戏期间音乐一直在重复，所以会使用特殊值 -1，如下：

pygame.mixer.music.load("bg_music.mp3")
pygame.mixer.music.set_volume(0.3)
pygame.mixer.music.play(-1)

这个代码可以放在主 while循环前面的任意位置。它会开始播放音乐。现在只

需要在最后让音乐停下来，有一个很好的办法来做到这一点。pygame.mixer.music

有一个 fadeout()方法，会让音乐淡出（逐渐减弱直到消失），而不是戛然而止。只

需要告诉它淡出需要多长时间，例如： pygame.mixer.music.fadeout(2000)

这里设置为 2000 毫秒，也就是 2 秒。这一行可以与 done = True设置放在同

一个位置。（这个设置在前在后都无关紧要。）

现在程序已经增加了音效和音乐。试试看听起来怎么样！也许你想看看如何把

所有这些内容整合在一起，下面给出这个程序的最后版本，也就是代码清单 19-5。
一定要确保 wackyball.bmp 和所有声音文件与程序在同一个文件夹中。

代码清单 19-5　有声音和音乐的 PyPong

import pygame, sys 
 

class MyBallClass(pygame.sprite.Sprite): 

    def __init__(self, image_file, speed, location = [0,0]): 

        pygame.sprite.Sprite.__init__(self)   

        self.image = pygame.image.load(image_file) 

        self.rect = self.image.get_rect() 

        self.rect.left, self.rect.top = location 

        self.speed = speed 
 

    def move(self): 

        global points, score_text 

        self.rect = self.rect.move(self.speed) 

        if self.rect.left < 0 or self.rect.right > screen.get_width():

            self.speed[0] = -self.speed[0] 

            if self.rect.top < screen.get_height(): 

                hit_wall.play()             

                                               

        if self.rect.top <= 0 : 

            self.speed[1] = -self.speed[1] 

            points = points + 1 

            score_text = font.render(str(points), 1, (0, 0, 0)) 

            get_point.play()  

 

class MyPaddleClass(pygame.sprite.Sprite): 

    def __init__(self, location = [0,0]): 

        pygame.sprite.Sprite.__init__(self) 

        image_surface = pygame.surface.Surface([100, 20]) 

        image_surface.fill([0,0,0]) 

        self.image    = image_surface.convert() 

        self.rect = self.image.get_rect() 

        self.rect.left, self.rect.top = location 

pygame.init()                      

pygame.mixer.init()

pygame.mixer.music.load("bg_music.mp3")  

pygame.mixer.music.set_volume(0.3)      

pygame.mixer.music.play(-1)       

hit = pygame.mixer.Sound("hit_paddle.wav")                          

hit.set_volume(0.4)                                                 

new_life = pygame.mixer.Sound("new_life.wav")

new_life.set_volume(0.5)                                            

splat = pygame.mixer.Sound("splat.wav")                             

splat.set_volume(0.6)               

hit_wall = pygame.mixer.Sound("hit_wall.wav")                       

hit_wall.set_volume(0.4)                                          
                              

get_point = pygame.mixer.Sound("get_point.wav")                     

get_point.set_volume(0.2)                     

bye = pygame.mixer.Sound("game_over.wav")  

bye.set_volume(0.6)                          

screen = pygame.display.set_mode([640,480]) 

clock = pygame.time.Clock() 

球碰到两边的墙
时播放声音

球碰到顶边（玩家得分）
时播放声音
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import pygame, sys 
 

class MyBallClass(pygame.sprite.Sprite): 

    def __init__(self, image_file, speed, location = [0,0]): 

        pygame.sprite.Sprite.__init__(self)   

        self.image = pygame.image.load(image_file) 

        self.rect = self.image.get_rect() 

        self.rect.left, self.rect.top = location 

        self.speed = speed 
 

    def move(self): 

        global points, score_text 

        self.rect = self.rect.move(self.speed) 

        if self.rect.left < 0 or self.rect.right > screen.get_width():

            self.speed[0] = -self.speed[0] 

            if self.rect.top < screen.get_height(): 

                hit_wall.play()             

                                               

        if self.rect.top <= 0 : 

            self.speed[1] = -self.speed[1] 

            points = points + 1 

            score_text = font.render(str(points), 1, (0, 0, 0)) 

            get_point.play()  

 

class MyPaddleClass(pygame.sprite.Sprite): 

    def __init__(self, location = [0,0]): 

        pygame.sprite.Sprite.__init__(self) 

        image_surface = pygame.surface.Surface([100, 20]) 

        image_surface.fill([0,0,0]) 

        self.image    = image_surface.convert() 

        self.rect = self.image.get_rect() 

        self.rect.left, self.rect.top = location 

pygame.init()                      

pygame.mixer.init()

pygame.mixer.music.load("bg_music.mp3")  

pygame.mixer.music.set_volume(0.3)      

pygame.mixer.music.play(-1)       

hit = pygame.mixer.Sound("hit_paddle.wav")                          

hit.set_volume(0.4)                                                 

new_life = pygame.mixer.Sound("new_life.wav")

new_life.set_volume(0.5)                                            

splat = pygame.mixer.Sound("splat.wav")                             

splat.set_volume(0.6)               

hit_wall = pygame.mixer.Sound("hit_wall.wav")                       

hit_wall.set_volume(0.4)                                          
                              

get_point = pygame.mixer.Sound("get_point.wav")                     

get_point.set_volume(0.2)                     

bye = pygame.mixer.Sound("game_over.wav")  

bye.set_volume(0.6)                          

screen = pygame.display.set_mode([640,480]) 

clock = pygame.time.Clock() 

创建声音对象，加载声音，
并设置每个声音的音量

初始化 Pygame 的 sound 模块

加载音乐文件

设置音乐的音量

开始播放音乐，一直重复

myBall = MyBallClass('wackyball.bmp', [12,6], [50, 50]) 

ballGroup = pygame.sprite.Group(myBall) 

paddle = MyPaddleClass([270, 400]) 

lives = 3 

points = 0 
 

font = pygame.font.Font(None, 50) 

score_text = font.render(str(points), 1, (0, 0, 0)) 

textpos = [10, 10] 

done = False 

running = True 

while running: 

    clock.tick(30) 

    screen.fill([255, 255, 255]) 

    for event in pygame.event.get(): 

        if event.type == pygame.QUIT: 

            running = False 

        elif event.type == pygame.MOUSEMOTION: 

            paddle.rect.centerx = event.pos[0] 

 

    if pygame.sprite.spritecollide(paddle, ballGroup, False): 

        hit.play()                   

        myBall.speed[1] = -myBall.speed[1] 
 

    myBall.move() 
 

    if not done: 

        screen.blit(myBall.image, myBall.rect) 

        screen.blit(paddle.image, paddle.rect) 

        screen.blit(score_text, textpos) 

        for i in range (lives): 

            width = screen.get_width() 

            screen.blit(myBall.image, [width - 40 * i, 20]) 

        pygame.display.flip() 

 

    if myBall.rect.top >= screen.get_rect().bottom: 

        if not done: 

            splat.play()   

        lives = lives - 1 

        if lives <= 0: 

            if not done: 

                pygame.time.delay(1000) 

                bye.play()                       

            final_text1 = "Game Over" 

            final_text2 = "Your final score is:  " + str(points) 

            ft1_font = pygame.font.Font(None, 70) 

            ft1_surf = font.render(final_text1, 1, (0, 0, 0)) 

            ft2_font = pygame.font.Font(None, 50) 

            ft2_surf = font.render(final_text2, 1, (0, 0, 0)) 

            screen.blit(ft1_surf, [screen.get_width()/2 - \

                        ft1_surf.get_width()/2, 100]) 

            screen.blit(ft2_surf, [screen.get_width()/2 - \

                        ft2_surf.get_width()/2, 200]) 

球碰到球拍时播放声音
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myBall = MyBallClass('wackyball.bmp', [12,6], [50, 50]) 

ballGroup = pygame.sprite.Group(myBall) 

paddle = MyPaddleClass([270, 400]) 

lives = 3 

points = 0 
 

font = pygame.font.Font(None, 50) 

score_text = font.render(str(points), 1, (0, 0, 0)) 

textpos = [10, 10] 

done = False 

running = True 

while running: 

    clock.tick(30) 

    screen.fill([255, 255, 255]) 

    for event in pygame.event.get(): 

        if event.type == pygame.QUIT: 

            running = False 

        elif event.type == pygame.MOUSEMOTION: 

            paddle.rect.centerx = event.pos[0] 

 

    if pygame.sprite.spritecollide(paddle, ballGroup, False): 

        hit.play()                   

        myBall.speed[1] = -myBall.speed[1] 
 

    myBall.move() 
 

    if not done: 

        screen.blit(myBall.image, myBall.rect) 

        screen.blit(paddle.image, paddle.rect) 

        screen.blit(score_text, textpos) 

        for i in range (lives): 

            width = screen.get_width() 

            screen.blit(myBall.image, [width - 40 * i, 20]) 

        pygame.display.flip() 

 

    if myBall.rect.top >= screen.get_rect().bottom: 

        if not done: 

            splat.play()   

        lives = lives - 1 

        if lives <= 0: 

            if not done: 

                pygame.time.delay(1000) 

                bye.play()                       

            final_text1 = "Game Over" 

            final_text2 = "Your final score is:  " + str(points) 

            ft1_font = pygame.font.Font(None, 70) 

            ft1_surf = font.render(final_text1, 1, (0, 0, 0)) 

            ft2_font = pygame.font.Font(None, 50) 

            ft2_surf = font.render(final_text2, 1, (0, 0, 0)) 

            screen.blit(ft1_surf, [screen.get_width()/2 - \

                        ft1_surf.get_width()/2, 100]) 

            screen.blit(ft2_surf, [screen.get_width()/2 - \

                        ft2_surf.get_width()/2, 200]) 

            pygame.display.flip() 

            done = True 

            pygame.mixer.music.fadeout(2000)      

        else: 

            pygame.time.delay(1000)   

            new_life.play()         

            myBall.rect.topleft = [50, 50] 

            screen.blit(myBall.image, myBall.rect) 

            pygame.display.flip() 

            pygame.time.delay(1000)

pygame.quit()

玩家丢一条命时播放声音

等待 1 秒，然后播放结束声音

音乐淡出

开始新的一条命时播放声音

这个代码太长了！（大约 100 行，还要加上一些空行。）这个程序完全可以写得

短一些，不过那样一来，读代码和理解起来都会更困难。其实这几章我们一直都在

构建这个程序，每章补充一点内容，所以你并不需要一次键入所有这些代码。

如果你是按顺序读这本书，现在应该已经了解程序的各个部分分别做什么，也

应该知道这些部分如何整合到一起。不过万一你需要这个程序的完整代码，也可以

在 \examples 文件夹（如果已经安装本书的安装程序的话）和网站上找到这个程序的

代码清单。
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在下一章，我们将建立一个不同类型的图形程序：一个有按钮、菜单的程序，

也就是一个 GUI。

110 Hello World!

Just imagine how tedious it would be to work out the calories for all these combinations by 
hand, even if you had a calculator to do the math. It’s way more fun to write a program to 
figure it all out for you. Looping and a bit of math in Python make it a snap!

What did you learn?

In this chapter, you learned about

� nested loops.
� variable loops.
� permutations and combinations.
� decision trees.

Test your knowledge
1 How do you make a variable loop in Python?

2 How do you make a nested loop in Python?

# 4       0        0        0        1        1        60
# 5       0        0        1        0        0        80
# 6       0        0        1        0        1        120
# 7       0        0        1        1        0        100
# 8       0        0        1        1        1        140
# 9       0        1        0        0        0        120
# 10      0        1        0        0        1        160
# 11      0        1        0        1        0        140
# 12      0        1        0        1        1        180
# 13      0        1        1        0        0        200
# 14      0        1        1        0        1        240
# 15      0        1        1        1        0        220
# 16      0        1        1        1        1        260
# 17      1        0        0        0        0        140
# 18      1        0        0        0        1        180
# 19      1        0        0        1        0        160
# 20      1        0        0        1        1        200
# 21      1        0        1        0        0        220
# 22      1        0        1        0        1        260
# 23      1        0        1        1        0        240
# 24      1        0        1        1        1        280
# 25      1        1        0        0        0        260
# 26      1        1        0        0        1        300
# 27      1        1        0        1        0        280
# 28      1        1        0        1        1        320
# 29      1        1        1        0        0        340
# 30      1        1        1        0        1        380
# 31      1        1        1        1        0        360
# 32      1        1        1        1        1        400
>>>

你学到了什么

在这一章，你学到了以下内容。

如何向程序添加声音。��

如何播放声音片段（通常是 .wav 文件）。��

如何播放音乐文件（通常是 .mp3 文件）。��

如何知道一个声音已经播放完毕。��

如何控制音效和音乐的音量。��

如何让音乐重复，使它反复播放。��

如何让音乐淡出。��

测试题

1. 可以用哪几种类型的文件存储声音？

2. 哪个 Pygame 模块用来播放音乐？

3. 如何设置一个 Pygame 声音对象的音量？

4. 如何设置背景音乐的音量？

5. 如何让音乐淡出？

动手试一试

试着向第 1 章中的猜数游戏添加声音。尽管这个游戏是文本模式的，但与这一

章中的例子一样，仍然需要增加一个 Pygame 窗口。\examples\sounds 文件夹（和网

站上）有一些声音可供你使用：

Ahoy.wav��

TooLow.wav��

TooHigh.wav��

WhatsYerGuess.wav��

AvastGotIt.wav��

NoMore.wav��

或者，你也可以录制自己的声音，这可能很有意思。可以使用一个录音工具，

比如 Windows 中的 Sound Recorder，或者可以从 audacity.sourceforge.net/ 下载一个免

费程序 Audacity（很多操作系统上都提供了这个工具）。
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更  多  GUI

第 6 章我们已经建立了一些简单的 GUI，那时我们使用 EasyGui 来建立一些对

话框。不过 GUI 需要的不只是对话框。大多数现代程序中，整个程序都在一个 GUI
中运行。这一章中，我们将了解如何使用 PyQt 建立 GUI，它能为你提供更多灵活

性，可以对程序的外观有更多控制。

PyQt 模块可以帮助我们创建 GUI。我们首先使用这个模块来建立一个新版本的

温度转换程序。

20.1　使用 PyQt

使用 PyQt 之前，必须确保你的计算

机上已经安装有这个模块。如果你使用这

本书的安装程序来安装 Python，就已经

安装有 PyQt。不然，还得另外下载安装。

PyQt 可以从 www.riverbankcomputing.com/
software/Pyqt/download 得到。要根据你的

操作系统和所使用的 Python 版本得到正确

的 PyQt 版本（如果运行这本书的安装程

序，PyQt 的版本是 2.7.3）。我们这里使用 PyQt 4.1。

写一个 GUI 程序大体上可以分为两个主要部分。你需要创建用户界面本身

（UI），然后编写代码让 UI 按照你的想法来实现功能。创建 UI 需要在窗口上排布一

些东西，比如按钮、文本框、选择框等。然后你编写代码来响应按钮点击、文本框

输入、选择框中选择某项等动作。

使用 Qt 时，可以使用 Qt Designer 来创建 UI。我们来看一下它的工作方式。

PyQt 还有一个版本是 PyQt 5，
它和 PyQt 4 很不一样。如果你没
有使用我们的安装程序，请确保你
安装的是 PyQt 4。
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Qt Designer

当你安装完 PyQt 时，同时安装

的还有 Qt Designer。找到它的图标

（比如在 Windows 下到开始菜单中寻

找），然后启动 Qt Designer。启动之

后你应该可以看到 Qt 的窗口打开，

中间有一个 New Form（新窗口）对

话框：

 

Form 是 GUI 窗口对应的编程术语。因为你要创建一个新的 GUI 窗口，所以选

择 Main Window（主窗口）选项，然后点击 Create（创建）按钮。现在我们来看一下

Qt 窗口的样子。

左边是组件列表，其中是能用于 GUI 的各种图形界面元素。它们被分为几个不

同的分类。
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术语箱
在 GUI 中，单个的按钮、复选框等都叫做“部件”（widget），也称为“组

件”（component）, 有时还称为“控件”（control）。

右边是对象检查器（Object Inspector）和属性编辑器（Property Editor），你可以

在这里查看和修改组件的属性。除了对象检查器和属性编辑器，右边还有第三个面

板，它的功能是由底部选中的标签决定的。它可以是 Signal/Slot 检查器、行为编辑

器（Action Editor）或者资源浏览器（Resource Browser）。

中间是刚刚创建的空窗口。最顶上显示着 Main Window - untitled，是因为你还

没有给它命名。中间的空白部分就是放置组件制作 UI 界面的地方。（在 Mac 上，需

要在 Qt Designer ➤ Preferences 中将 user interface mode（UI 模式）从 Multiple Top-
Level Windows（浮动窗口）改为 Docked Window（集成窗口）才能看到这个界面。

否则所有的面板都会浮动成独立的窗口。）

添加按钮

我们来为 GUI 添加一个按钮。在 Qt Designer 窗
口的左边找到 Buttons（按钮），然后找到 Push Button
组件。

将 Push Button 拖到空白的窗口中，然后放在某

个地方。现在窗口中有了一个按钮，它上面的文字是

PushButton。 

现在注意看一下右边的属性编辑器。

如果按钮仍然处于选中态（周围有蓝色小

方块），你会在属性编辑器中看到它的属

性。可以看到按钮的名字是 PushButton。
如果你在属性列表中向下滚动一下，还会

看到其他的属性，比如宽度（width）、高

度（height），以及 x 和 y 位置，等等。

修改按钮

要修改按钮的大小或者按钮在窗口中的位置，有两种方法：用鼠标拖动按钮，

或者改变 Size或 Position属性。可以试着用这两种方法移动和调整按钮大小，看

看它们的作用。要想使用鼠标移动按钮，点击按钮的任意部位然后拖动到新位置即
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可。要想使用鼠标改变按钮的大小，则点击按

钮边缘的任一蓝色方块（称为操作点，handle），
然后拖动按钮的某一边或者某一角来进行缩

放。如果要使用属性来改变按钮的大小，则点击

geometry 属性旁边的小三角形，它就会展开，并

显示出 X、Y、Width和 Height属性。输入不同

的值即可移动或者调整按钮大小。

你还可以改变按钮上显示的文字。现在这

个文字和按钮的名称是一样的，但这不是必须

的。我们来改一下，让按钮上的文字变为 I’m a 
Button!。在属性编辑器中，往下滚动，找到 text
属性，将它的值改为 I’m Button!。你也可以在按

钮上双击，然后直接编辑文字。

现在窗口中按钮上的文字已经变成了 I’m a 
Button!，但该组件的名字（objectName属性）仍

然是 PushButton。如果你想在代码中操作按钮，则可以使用这个名字来指代该按钮。

保存 GUI

下面保存目前为止建立的 GUI。在 PyQt 中，所有 GUI 的描述都保存在一个 .ui
文件中。这个文件包含了窗口、菜单和部件的所有信息。Qt Designer 右侧的属性窗口

中显示的正是同样的信息，现在我们需要把这些信息保存到一个文件中，以便 PyQt
程序运行时使用。

要保存 UI，进入 File 菜单，选择 Save As（另存为），为文件指定一个名字。下

面把我们的 GUI 命名为 MyFirstGui。你会注意到，文件扩展名被自动设为了 .ui。所

以这个 UI 会被保存为 MyFirstGui.ui。请确保将它保存在了你想要的文件夹中。默认

情况下，Designer 会将它保存在软件本身所在的目录下，这可能不是你想要的结果。

记得在点击 Save 之前先切换到你保存 Python 程序的文件夹。

可以在任何文本编辑器（包含 IDLE）中查看这个文件。如果打开这个文件，会

看到这样的内容：
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<?xml version="1.0" encoding="UTF-8"?>

<ui version="4.0">

 <class>MainWindow</class>

 <widget class="QMainWindow" name="MainWindow">        

  <property name="geometry">                            

   <rect>                                               

    <x>0</x>                                           

    <y>0</y>                                            

    <width>576</width>                                   

    <height>425</height>                                

   </rect>                                              

  </property>                                          

  <property name="windowTitle">                        

   <string>MainWindow</string>                         

  </property>                                          

  <widget class="QWidget" name="centralwidget">          

   <widget class="QPushButton" name="pushButton">      

    <property name="geometry">                           

     <rect>                                              

      <x>60</x>                                          

      <y>70</y>                                         

      <width>121</width>                              

      <height>41</height>                               

     </rect>                                            

    </property>                                          

    <property name="toolTip">                           

     <string/>                                         

    </property>                                         

    <property name="text">                               

     <string>I'm a Button!</string>                      

    </property>                                          

   </widget>                                           

  </widget>                                            

  <widget class="QMenuBar" name="menubar">

   <property name="geometry">

    <rect>

     <x>0</x>

     <y>0</y>

     <width>576</width>

     <height>21</height>

    </rect>

   </property>

  </widget>

  <widget class="QStatusBar" name="statusbar"/>

 </widget>

 <resources/>

 <connections/>

</ui> 

定义窗口
（背景）

定义按钮

看起来让人有点糊涂，不过如果再仔细看看，可以看到描述窗口的部分、描述

按钮的部分，以及还没有讨论的其他部分，比如菜单和状态栏。
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20.2　让 GUI 做点事情

现在有了一个非常基本的

GUI，这个窗口中包含一个按钮。

不过它什么也做不了。我们还没有

编写代码来告诉程序当有人点击按

钮时要做些什么。这就像有一辆汽

车，虽然有车身和四个轮子，但是

没有发动机。尽管看起来不错，可

是哪里也去不了。

我们需要一些代码让程序运行起来。对于 PyQt 程序来说，起码要有下面这些代

码：

代码清单 20-1　PyQt 程序所需的最少代码

import sys

from PyQt4 import QtCore, QtGui, uic  

form_class = uic.loadUiType("MyFirstGui.ui")[0] 

class MyWindowClass(QtGui.QMainWindow, form_class):                

    def __init__(self, parent=None):            

        QtGui.QMainWindow.__init__(self, parent)                

        self.setupUi(self)                      

app = QtGui.QApplication(sys.argv)  

myWindow = MyWindowClass() 

myWindow.show()                

app.exec_()         

导入所需的 PyQt 库

加载在 Designer
中创建的 UI

为主窗口定
义一个类

返回事件循环的 PyQt 对象

创建一个窗口类的实例
启动程序，显示 GUI 窗口

如果你想知道在第

315 CHAPTER 23 Take a Chance—Randomness

This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

行结尾处的 [0]

的作用，右侧是关于它的解释。

由 Python 就可以想见，PyQt 中的一

切都是对象。每个窗口都是对象，要用

class关键字定义。在这个程序以及所有

我们要用 PyQt 编写的所有程序中，都有一

个类继承自 PyQt 的 QMainWindow类。在

代码清单 20-1 中，我们调用了 MyWindow-

Class类（第 6 行），但其实这个类可以用

任意名字。需要记住的是，类的定义只是

一个蓝本，我们仍然需要根据蓝本去把程

这车真漂亮，不是吗？ 
只需片刻它就能一鸣惊人。

在 加 载 UI 的 那 行 代 码 结 尾
处 添 加 [0]， 是 因 为 uic.load- UiType()方法返回的是一个列表，其中包含两个东西：一个是 form_
class，另一个是 base_class。我
们只需要第一个，即 form_class，也就是列表中的 item[0]。
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This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times
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序构建出来，即创建一个类的实例（instance）。我们是通过接近结尾处的 myWindow 

= MyWindowClass()来创建实例的。myWindow是 MyWindowClass类的一个实例。

把上面的代码键入到 IDLE 或 SPE 编辑器窗口中，保存为 MyFirstGui.py。

主代码：MyFirstGui.py��

UI 文件： MyFirstGui.ui��

这两个文件还要保存在同一个位置上，这样主程序才能找到 UI 文件并在程序启

动时加载。

现在可以从 SPE 或 IDLE 运行这个程序。你会看到窗口打开，可以点击按钮，

不过什么都不会发生。我们已经让程序运行起来，但是还没有为按钮编写任何代码。

现在点击标题栏中的 ×，关闭这个程序。

下面来完成一个简单的任务。点击按钮时，让它移动到窗口中的一个新位置。

增加代码清单 20-2 中的第 10 行到第 7 行代码。

代码清单 20-2　为 Hello 按钮增加一个事件处理器

import sys

from PyQt4 import QtCore, QtGui, uic

form_class = uic.loadUiType("MyFirstGui.ui")[0]

class MyWindowClass(QtGui.QMainWindow, form_class):

    def __init__(self, parent=None):

        QtGui.QMainWindow.__init__(self, parent)

        self.setupUi(self)

        self.pushButton.clicked.connect(self.button_clicked)

                                                               

    def button_clicked(self):           

        x = self.pushButton.x()   

        y = self.pushButton.y()   

        x += 50                    

        y += 50                    

        self.pushButton.move(x, y)   

app = QtGui.QApplication(sys.argv)

myWindow = MyWindowClass()

myWindow.show()

app.exec_()

将事件处理器
与事件相连接

事件处理器

点击时移动按钮

增加这几
行 代 码，
每次点击
鼠标时让
按钮移动

一定要让整个 def块比 class语句多缩进 4 个空格，如代码清单所示。为什么

要这么做？这是因为所有组件都在窗口中，也就是说要作为窗口的一部分。所以按

钮事件处理器的代码应该放在这个类定义内。

试着运行这个代码，看看会发生什么。下一节将详细分析这个代码。
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20.3　事件处理器的返回

通过前几章的 Pygame 程序，我们已经学习了事件处理器，另外了解了如何使用

事件处理器查找键盘和鼠标活动（也就是事件）。这些内容对 PyQt 同样适用。

在 MyWindowClass中，我们定义了窗口的事件处理器。因为按钮在主窗口中，

所以事件处理器也要放在这里。

首先需要告诉主窗口，我们正在为一个特定的组件编写一个事件处理器。也就是

代码清单 20-2 中的第 10 行：

self.pushButton.clicked.connect(self.button_clicked)

这里我们将这个事件（self.pushButton.clicked）和它的事件处理器（self.

button_clicked）进行了连接（或者绑定）。事件处理器 button_clicked的定义

从第 12 行开始。clicked是我们能从按钮中获得的事件之一，其他的事件还包括

pressed和 released。

#!/bin/env python # Paginate a text file, adding a header and footer import sys, time, strin
g # If no arguments were given, print a helpful m

essa
ge 

if l
en

(s
ys

.ar
gv

)!=
2: 

pr
int

 'U
sa

ge:
 py

pri
nt 

fil
en

am
e's

ys
.ex

it(
0)

cl
as

s #
 In

cre
ment t

he page count, and reset the line count and reset a self.h
eader_written=1 ; self.count=#!/bin/env python # !Bin/en Paginate a text file, adding a head1 ; #!/bin/env python # Paginate a text file, 

Thinking like a (Python) programmer
Connecting the button’s event to the event handler 
is called binding the event handler. That’s just 
programmer-speak for connecting things together. 
In PyQt and many other event-driven programming 
systems, you will hear references to binding 
things. Usually you bind an event or other signal 
to some code that handles that event or 
signal. Signal is a programming term for 
a way of passing information around 
from one part of the code to another. 

print >>>Hello
 if

 #

print >>>Hello 
if 

#

print >>>Hello
 if

 #

像（Python）程序员一样思考

将按钮的事件和事件处理器连接起来的过程称为事件绑

定。这是一个将事务连接在一起的编程术语。在 PyQt 和很

多其他的事件驱动编程体系中，你会经常听到绑定某某东

西的说法。通常你会将一个事件或者其他的信号量（signal）
与用来处理事件或者信号量的代码进行绑定。信号量

是一个编程术语，通常用于将信息从代码的一

个地方传递到另外一个地方。

什么是 self

在 button_clicked()事件处理器中，有个参数 self。第 14 章刚开始讨论对

象时曾经说过，self指示调用方法的实例。在这里，所有事件都来自背景或主窗口，
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所以就是由这个窗口对象调用事件处理器。在这里，self指示主窗口。你可能以为

self指示所点击的组件，不过事实并不是这样；它指示的是包含组件的窗口。

20.4　移动按钮

如果想对这个按钮做些操作，怎么指示按钮呢？ PyQt 会自动处理好窗口中所有

组件的状态。因为你知道 self指向窗口，pushButton 是组件的名字，所以可以使用

self.pushButton来访问这个组件。

在代码清单 20-2 的例子中，每次点击按钮时会让它移动。按钮在窗口中的位置

由它的 geometry属性确定，该属性包含 x 位置、y 位置、宽度和高度。要改变这些

属性，有两种方法。一种方法是使用 SetGeometry()方法来改变几何属性。另一种

方法（代码清单 20-2 中采用的方法）是使用 move()方法，它只改变 x 位置和 y 位

置，不改变宽度和高度。x 位置是与窗口左边的距离，y 位置是与窗口顶边的距离。

窗口左上角的位置是 [0, 0]（这与 Pygame 中一样）。

运行这个程序时，你会看到，点击几次后，按钮会从窗口右下角消失。如果还

想看到按钮，可以调整窗口的大小（拖动窗口边界或者窗口的某个角），让窗口更

大，这样你就又能看到按钮了。完成时可以关闭窗口，你可以点击标题栏中的 ×，

或者使用操作系统中相应的组件。

可以注意到，与 Pygame 不同，现在我们不用操心把按钮从它的老位置“擦除”，

再在新位置上重绘。我们只需要移动按钮，所有这些擦除和重绘工作都会由 PyQt 来
完成。

20.5　更多有用的 GUI

我们的第一个 PyQt GUI 对于了解如何在 PyQt 中建立一个 GUI 确实很不错，但

是这个程序没什么用处，也没有太大意思。所以，在本章后面和第 22 章中，我们打

算再完成两个项目，首先是一个小项目，另一个项目稍微大一些，通过这两个项目，

我们会对 PyQt 的使用有更多了解。

第一个项目是 PyQt 版本的温度转换程序。在第 22 章中，我们将会使用 PyQt 建
立游戏 Hangman 的 GUI 版本。本书后面会再次使用 PyQt 来创建电子宠物程序。

20.6　TempGUI

你已经在第 3 章“动手试一试”部分中建立了第一个温度转换程序。第 5 章中，

我们又为它增加了用户输入，这样一来，需要转换的温度就不必硬编码写在程序中
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了。在第 6 章中，我们使用了 EasyGui 来得到输入并且显示输出。现在我们要使用

PyQt 来建立这个温度转换程序的一个图形化版本。

TempGUI 组件

我们的温度转换 GUI 相当简单，只需要提供以下内容：

输入温度的位置（摄氏度和华氏度）；��

完成温度转换的按钮；��

向用户显示有关信息的一些标签。��

只是为了好玩，下面对摄氏度和华氏度分别使用两种不同类型的输入部件。在

实际程序中绝对不要这么做（这只会把人们搞糊涂），不过这里我们的目的是学习如

何使用这些部件！

建立了 GUI 布局后，会得到类似右

图这样的结果：

也许你自己就可以完成，因为 Qt 
Designer 非常友好，很容易使用。不过

没准你会需要一些帮助，所以这里还是

会对相应步骤做些解释。这样也可以确

保我们对组件使用相同的名字，便于更

好地理解后面的代码。

并不要求组件完全对齐，也不必完全按这样来摆放组件，只要大致相同就可以了。

创建新的 GUI

第一步是建立一个新的 PyQt 工程。当你关闭打开的 UI（MyFirstGui）时，

Designer 会重新打开 New Form 窗口，在确保选中 Main Window 的情况下，点击 Create
即可。

下面开始增加组件：摄氏度输入框是一个 Line Edit 组件，华氏度输入框是一个

Spin Box，各个温度输入框下面的标签都是 Label 组件，另外还有两个 push Button 组

件。在 Widget Box 的左侧向下滚动，以找到这些组件。建立这个 GUI 的步骤如下。

(1)  在 Widget Box 中找到 Push Button 组件，将它拖到窗口上，窗口上会出现一

个新的按钮，然后：

 通过拖动操作点或者在�� geometry属性中输入新的数字（在 MyFirstGui 中
见过的），将按钮改成你想要的大小。
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将按钮的�� objectName属性改为 btnFtoC。

将按钮的�� text属性改为 <<<Fahrenheit to Celsius。
 将按钮的�� font size改为 12。如果你在属性编辑器中找到了 font属性，

点击上面有三个点的按钮，它长得像这样： 。然后你会看到字体对话

框，你应该在自己最喜欢的文字处理软件中见过这个对话框。

(2)  向窗口中再拖入一个 Push Button，将它放到第一个按钮上方，并将尺寸改为

你想要的大小，然后修改以下设置：

将按钮的�� objectName属性改为 btnCtoF。

将按钮的�� text属性改为 Celsius to Fahrenheit >>>。
将按钮的�� font size改为 12。

(3) 向窗口中拖入一个 Line Edit 组件，然后将它放到两个按钮的左边：

将组件的�� objectName属性改为 editCel。

(4) 向窗口中拖入一个 Spin Box 组件，然后将它放在两个按钮的右边：

将组件的�� objectName属性改为 spinFahr。

(5) 向窗口中拖入一个 Label 组件，然后将它放在 Line Edit 组件的下方：

将组件的�� text属性改为 Celsius。

将组件的�� font size改为 10。

(6) 向窗口中拖入一个 Label 组件，然后将它放在 Spin Box 的下方：

将挂件的�� text属性改为 Fahrenheit。

将挂件的�� font size改为 10。

现在所有 GUI 元素（组件，也称为控件或部件）都已经摆放好，并且赋予了我

们想要的名字和标签。把这个 UI 文件保存为 tempconv.ui（在 Qt Designer 中选择 File 
 Save As）。记得将文件路径改为你通常保存 Python 程序的位置。

接下来，在 IDLE 中新建一个文件，键入基本的 PyQt 代码（或者也可以从我们

的第一个程序复制）：

import sys

from PyQt4 import QtCore, QtGui, uic

form_class = uic.loadUiType("tempconv.ui")[0]

class MyWindowClass(QtGui.QMainWindow, form_class):

    def __init__(self, parent=None):

        QtGui.QMainWindow.__init__(self, parent)

        self.setupUi(self)

app = QtGui.QApplication(sys.argv)

myWindow = MyWindowClass()

myWindow.show()
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import sys

from PyQt4 import QtCore, QtGui, uic

form_class = uic.loadUiType("tempconv.ui")[0]

class MyWindowClass(QtGui.QMainWindow, form_class):

    def __init__(self, parent=None):

        QtGui.QMainWindow.__init__(self, parent)

        self.setupUi(self)

app = QtGui.QApplication(sys.argv)

myWindow = MyWindowClass()

myWindow.show()

app.exec_() 

摄氏度转换为华氏度

首先来完成摄氏度到华氏度的转换。将摄氏度转换为华氏度的公式是：

263 CHAPTER 20 More GUIs

Now we have the GUI elements (components, or controls, or widgets) placed, and we have 
given them the names and labels we want. Save the resource file as TempGui.rsrc.py by 
selecting File > Save As in Resource Editor.

Next, start a new file in your code editor (SPE or IDLE), and type in the basic PythonCard 
code (or copy it from our first program):

We won’t bother with the pass keyword, because that’s just a placeholder for when there’s 
nothing defined in a block. We’re going to define several event handlers for our MainWindow 
class.

Converting Celsius to Fahrenheit

First, let’s get the Celsius to Fahrenheit function working. The formula for converting Celsius 
to Fahrenheit is

We need to get the Celsius temperature from the tfCel text box, do the calculation, and 
put the result in the spinFahr Fahrenheit spin box. That should all happen when the user 
clicks the Celsius to Fahrenheit button, so the code to do it should go in that button’s 
event handler:

To get the value from the Celsius box, we use self.components.tfCel.text. This value is a 
string, so we have to convert it to a float:

Then we need to do the conversion:

Next, we need to put that value in the Fahrenheit box. There’s one catch here: spinners can 
only have integer values in them, not floats. So we have to make sure we convert the value 
to an int before putting it in the spinner. The number in the spinner is its value property, 
so the code looks like this:

Converting Fahrenheit to Celsius

The code for converting the other way (from Fahrenheit to Celsius) is very similar. The for-
mula for that conversion is

from PythonCard import model

class MainWindow(model.Background):

app = model.Application(MainWindow)
app.MainLoop()

fahr = cel * 9.0 / 5 + 32

def on_btnCtoF_mouseClick(self, event):

cel = float(self.components.tfCel.text)

fahr = Cel * 9.0 / 5 + 32 

self.components.spinFahr.value = int(fahr)

cel = (fahr - 32) * 5.0 / 9

我们需要从 editCel Line Edit 组件得到摄氏度，完成计算，再把结果放在

spinFahr 华氏度 Spin Box 组件中。这些应当在用户点击 Celsius to Fahrenheit 按钮时

发生，所以要把完成这些工作的代码放在 Celsius to Fahrenheit 按钮的事件处理器中：

首先，我们需要将按钮的 clicked事件连接到事件处理器：

self.btn_CtoF.clicked.connect(self.btn_CtoF_clicked)

像我们在第一个程序中所做的那样，将这段代码放在 MyWindow类的 __init__() 

方法中。

然后我们需要定义事件处理器。我们使用 self.editCel.text()来从 Celsius
输入框（名为 editCel 的 Line Edit 组件）中取值。取到的值为字符串，所以我们要将

它转换为浮点数：

cel = float(self.editCel.text()

然后我们来做单位转换：

fahr = cel * 9.0 / 5 + 32

接下来，我们需要将这个值放到 Fahrenheit 输入框中，也就是名为 spinFahr 的
Spin Box 组件。这里需要注意一点：Spin Box 组件的值只能是整数，不能是浮点数。

所以在放入 Spin Box 之前需要将值转换为 int。Spin Box 的数字就是它的 value属

性，所以代码是这样的：

self.spinFahr.setValue(int(fahr))

我们要给结果加上 0.5，这样在使用 int()将浮点数转换为整数时，才会用四舍

五入以确保得到最近的整数值，而不是向下取整。将这些放到一起就是这样的：

def btn_CtoF_clicked(self):

        cel = float(self.editCel.text()) 

        fahr = cel * 9.0 / 5 + 32    

        self.spinFahr.setValue(int(fahr + 0.5))

app = QtGui.QApplication(sys.argv)

myWindow = MyWindowClass()

myWindow.show()

app.exec_() 

获取摄氏度值

转换为华氏温度

四舍五入并放入华氏温度 Spin Box
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华氏度转换为摄氏度

要完成另一个方向的转换（从华氏度转换为摄氏度），代码很类似。这个转换的

公式是：

263 CHAPTER 20 More GUIs

Now we have the GUI elements (components, or controls, or widgets) placed, and we have 
given them the names and labels we want. Save the resource file as TempGui.rsrc.py by 
selecting File > Save As in Resource Editor.

Next, start a new file in your code editor (SPE or IDLE), and type in the basic PythonCard 
code (or copy it from our first program):

We won’t bother with the pass keyword, because that’s just a placeholder for when there’s 
nothing defined in a block. We’re going to define several event handlers for our MainWindow 
class.

Converting Celsius to Fahrenheit

First, let’s get the Celsius to Fahrenheit function working. The formula for converting Celsius 
to Fahrenheit is

We need to get the Celsius temperature from the tfCel text box, do the calculation, and 
put the result in the spinFahr Fahrenheit spin box. That should all happen when the user 
clicks the Celsius to Fahrenheit button, so the code to do it should go in that button’s 
event handler:

To get the value from the Celsius box, we use self.components.tfCel.text. This value is a 
string, so we have to convert it to a float:

Then we need to do the conversion:

Next, we need to put that value in the Fahrenheit box. There’s one catch here: spinners can 
only have integer values in them, not floats. So we have to make sure we convert the value 
to an int before putting it in the spinner. The number in the spinner is its value property, 
so the code looks like this:

Converting Fahrenheit to Celsius

The code for converting the other way (from Fahrenheit to Celsius) is very similar. The for-
mula for that conversion is

from PythonCard import model

class MainWindow(model.Background):

app = model.Application(MainWindow)
app.MainLoop()

fahr = cel * 9.0 / 5 + 32

def on_btnCtoF_mouseClick(self, event):

cel = float(self.components.tfCel.text)

fahr = Cel * 9.0 / 5 + 32 

self.components.spinFahr.value = int(fahr)

cel = (fahr - 32) * 5.0 / 9

这个代码要放在 Fahrenheit to Celsius 按钮的事件处理器中。我们将事件处理器

连接到按钮上（在窗口的 __init__()方法中）：

self.btn_FtoC.clicked.connect(self.btn_FtoC_clicked)

然后，我们需要在事件处理器中从 Spin Box 获取华氏温度：

fahr = self.spinFahr.value()

这个值已经是一个整数，所以我们不必做任何类型的转换。然后应用公式：

264 Hello World!

It goes in the event handler for 
the Fahrenheit to Celsius button:

We need to get the Fahrenheit 
temperature from the spinner:

This value is already an integer, so we don’t have to do any type conversion. Then we apply 
the formula:

Finally, we convert this to a 
string and put it in the Celsius text box:

The whole thing should look like listing 20.2.

from PythonCard import model

class MainWindow(model.Background):

    def on_btnCtoF_mouseClick(self, event):
        cel = float(self.components.tfCel.text)
        fahr = cel * 9.0 / 5 + 32
        self.components.spinFahr.value = int(fahr)

    def on_btnFtoC_mouseClick(self, event):
        fahr = self.components.spinFahr.value
        cel = (fahr - 32) * 5.0 / 9
        self.components.tfCel.text = str(cel)

app = model.Application(MainWindow)
app.MainLoop()

Save this program as TempGui.py. You can run it and try out the GUI.

A small improvement

One thing you’ll notice when you run the program is that, when you convert a Fahrenheit 
temperature to Celsius, the answer has a lot of decimal places, and some of them might get 
cut off in the text box. There’s a way to fix this—it’s called print formatting. We haven’t cov-
ered it yet, so you can either skip ahead to chapter 21 to get the full explanation of how it 
works, or you can just type in the code I’ll give you here. Add the following code line 
between lines 12 (cel = (fahr - 32) * 5.0 / 9) and 13 (self.components.tfCel.text = 
str(cel)) in listing 20.2:

Listing 20.2 Complete temperature-conversion program

def on_btnFtoC_mouseClick(self, event):

fahr = self.components.spinFahr.value

cel = (fahr - 32) * 5.0 / 9

self.components.tfCel.text = str(cel)

Line 13
Line 12

celStr = '%.2f' % cel

最后，把它转换为一个字符串，放在摄氏度文本框中：

self.editCel.setText(str(cel))

整个程序见代码清单 20-3。

代码清单 20-3　温度转换程序

import sys

from PyQt4 import QtCore, QtGui, uic

form_class = uic.loadUiType("tempconv.ui")[0] 

class MyWindowClass(QtGui.QMainWindow, form_class):

    def __init__(self, parent=None):

        QtGui.QMainWindow.__init__(self, parent)

        self.setupUi(self)

        self.btn_CtoF.clicked.connect(self.btn_CtoF_clicked) 

        self.btn_FtoC.clicked.connect(self.btn_FtoC_clicked) 

        

    def btn_CtoF_clicked(self):                            

        cel = float(self.editCel.text())                     

        fahr = cel * 9 / 5.0 + 32                           

        self.spinFahr.setValue(int(fahr + 0.5))  

          

    def btn_FtoC_clicked(self):                          

        fahr = self.spinFahr.value()                     

        cel = (fahr - 32) * 5 / 9.0                   

        self.editCel.setText(str(cel))      

app = QtGui.QApplication(sys.argv)

myWindow = MyWindowClass(None)

myWindow.show()

app.exec_() 

加载 UI 定义

绑定按钮的事
件处理器

CtoF 按 钮 的
事件处理器

FtoC 按 钮 的
事件处理器
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把这个程序保存为 TempGui.py。可以运行程序，试试这个 GUI。

小改进

运行这个程序时，你可能会注意到一点：将华氏度转换为摄氏度时，结果里有

很多小数位，应该可以在文本框中去掉其中一些小数位。要解决这个问题有一个办

法，称为打印格式化（print formatting）。我们还没有讨论到这个内容，你可以直接跳

到第 21 章，那里对打印格式化的工作给出了一个完备的解释，或者也可以先直接键入

这里给出的代码。用下面两行代码替换 btn_FtoC_clicked事件处理器的最后一行。

cel_text = ‘%.2f’ % cel
self.editCel.setText(cel_text)

这样显示一个数时会带两位小数。

土星

天王星

海王星
冥王星

嗯……也许该调

试了（debug）。如果用

户想转换南极洲的温

度会怎么样呢？转换

冥王星上的温度呢？

嘿， 
我发现一个 

错误！

如果我在摄氏度框里输
入 -50，点击按钮后，应该

得到华氏度 -58，但
是它给出的

却是 0。这是
怎么回事？

太冷 
了！

消灭错误

前面我们说过，要看程序中发生了什么，有一种很好的方法，就是在程序运行

时打印出一些变量的值。下面就来试试看。

看起来是摄氏度到华氏度转换中的华氏度值有问题，所以就从这里开始。把下

面这行代码增加到代码清单 20-3 中 btn_CtoF_clicked事件处理器的最后一行之后：

print 'cel = ', cel, ' fahr = ', fahr
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现在，一旦点击 Celsius to Fahrenheit 按钮，可以看到 IDLE shell 窗口中会打印

出 cel和 fahr变量的值。对 cel取几个不同的值，看看会发生什么。我得到了下面

的结果：

265 CHAPTER 20 More GUIs

Saturn

Uranus

Neptune

Pluto

you are 
insanely 

cold!

If I enter -50 
in the Celsius box, and 

click the button, I should get 
about -58 Fahrenheit.

But it 
says 0. What's 

happening?

Hey, 
I found a 

bug!

This will display the number with two decimal places. We also don’t need the str() func-
tion in line 13 anymore (because this code gives us a string), so that line should now look 
like this:

Hmmm . . . Maybe it’s time to do 
some debugging. What if our users 
want to convert temperatures in 

Antarctica? Or on Pluto?

Squashing a bug

We said before that one good way to see what’s going on in the program is to print out the 
value of some of the variables while the program is running. So let’s try that.

Because it’s the Fahrenheit value in the Celsius to Fahrenheit conversion that seems not to 
be working, we’ll start there. Add this line after line 7 (fahr = cel * 9.0 / 5 + 32) in list-
ing 20.2:

Now, whenever you click the Celsius to Fahrenheit button, you can see the cel and fahr 
variables printed out in the IDLE (or SPE) shell window. Try it with a few different values for 
cel and see what happens. I got something like this:

>>> ============================ RESTART ============================
>>>
cel =  50.0   fahr =  122.0
cel =  0.0   fahr =  32.0
cel =  -10.0   fahr =  14.0
cel =  -50.0   fahr =  -58.0

self.components.tfCel.text = celStr

print 'cel = ', cel, '  fahr = ', fahr

看起来 fahr值计算得很正确。那为什么华氏度框不能显示小于 0（或大于 99）
的数呢？

再回到 Qt Designer，点击用来显示和输入华氏度的 spinFahr 微调框。现在来看属

性编辑器窗口，滚动属性编辑器查看不同的属性。有没有看到两个名为 minimum和

maximum的属性（位于微调框属性列表底端附近）？它们的值是什么？现在你能不能

猜出问题出在哪里？

20.7　菜单上是什么

我们的温度转换 GUI 上有一些按钮，用来完成转换。很多程序还会提供一个菜

单来完成某些功能。有

时这些工作也可以通过

点击一个按钮来完成，

那为什么要采用两种不

同方法完成同样的事情

呢？

是这样的，有些用

户更习惯使用菜单，而

不喜欢点击按钮。复杂

的程序可能会有很多功

能，如果不使用菜单就会需要很多的按钮，这会使 GUI 变得杂乱无章。另外，菜单

还可以通过键盘来操作，有些人发现，与把手从键盘拿开再使用鼠标相比，直接使

用菜单速度会更快。

下面来增加一些菜单项，为用户提供另外一种完成温度转换的途径。我们也可

以添加 File ➤ Exit（文件➤退出），几乎每个程序都有这个菜单项。

我完全不懂这些新
型的现代菜单到底

是些什么。

嗯，我觉得
“Format”看上去 

不错……
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PyQt 内置了一种创建和编辑菜单的方式。如果你在 Designer 的左上角找一下，

会看到 Type Here（在此输入），这就是创建菜单的地方。在很多程序中，第一个菜

单项都是 File（文件）菜单，所以我们也从这个菜单开

始。点击写有 Type Here 的区域，输入 File，然后按回车

（Enter）。你应该可以看到 File 菜单出现了，同时在其旁边

和下面还有可以输入更多菜单的区域，如右图所示。

 增加菜单项

在 File 菜单下，我们要添加一个 Exit（退出）菜单项。在 File 下方写有 Type 
Here 的区域输入 Exit，然后按回车。

现在我们来添加一个菜单项用于转换温度（假如用户

不想使用按钮的话）。在 File 菜单右侧写有 Type Here 的区

域，输入 Convert，然后在下方分别创建两个菜单项：C to 
F（摄氏转华氏）和 F to C（华氏转摄氏）。完成之后的样

子应该像右图这样：

如果你看一下 Qt Designer 窗口右上

角的对象查看器（Object Inspector），会看

到这样的东西（如右图所示）：

你可以看到 File 和 Convert（转换）

菜单，以及 Exit、C to F 和 F to C 菜单项。

在 PyQt 的术语中，菜单项是 QAction类的实例。这样命名是有含义的，因为你希望

在选中菜单项的时候有一些“行为”（action）发生。

将你修改过的 Designer 文件保存为

tempconv_menu.ui。

现在你有了菜单项（或者说行为），你

需要将它们的事件绑定（或连接）到事件

处理器。对于 C to F 和 F to C 菜单项来说，

我们已经有了事件处理器，即我们之前为

按钮编写的事件处理器。我们希望点击菜

单项时发生的事情和点击按钮一样。所以

只需要将菜单项和之前的事件处理器连接

起来即可。

在 Mac 上，你还需要将菜
单栏对象的 nativeMenuBar 属
性勾选掉。（它应该是属性编辑
器中的最后一个属性。）否则菜
单会与 Python 的主菜单冲突，PyQt 程序的 File（文件）菜单会
消失。
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对于菜单项（行为）来说，我们希望处理的不是 clicked事件，而是一个

triggered事件。我们需要连接到事件处理器的菜单项叫做 action_CtoF，而我们

要连接的事件处理器则是按钮的事件处理器，叫做 btn_CtoF_clicked。将菜单项和

事件处理器连接起来的代码是这样的：

self.action_CtoF.triggered.connect(self.btn_CtoF_clicked)

同样，还有一个 FtoC 菜单项。

对于 Exit 菜单项而言，我们需要创建一个新的事件处理器来绑定事件。我们将

事件处理器命名为 menuExit_selected，连接事件的代码是这样的：

self.actionExit.triggered.connect(self.menuExit_selected)

Exit 菜单项的事件处理器的函数体其实只有一行代码，将窗口关闭即可：

def menuExit_selected(self):
self.close()

最后，将当前加载的 UI 文件（第三行）改为添加菜单之后保存的文件，即

tempconv_menu.ui。

做完上面这些修改之后，整个代码应该如下面的代码清单所示。

代码清单 20-4　带菜单的完整的温度转换程序

import sys

from PyQt4 import QtCore, QtGui, uic

form_class = uic.loadUiType("tempconv_menu.ui")[0] 

class MyWindowClass(QtGui.QMainWindow, form_class):

    def __init__(self, parent=None):

        QtGui.QMainWindow.__init__(self, parent)

        self.setupUi(self)

        self.btn_CtoF.clicked.connect(self.btn_CtoF_clicked)       

        self.btn_FtoC.clicked.connect(self.btn_FtoC_clicked)       

        self.action_CtoF.triggered.connect(self.btn_CtoF_clicked) 

        self.action_FtoC.triggered.connect(self.btn_FtoC_clicked) 

        self.actionExit.triggered.connect(self.menuExit_selected)
        

    def btn_CtoF_clicked(self):

        cel = float(self.editCel.text())

        fahr = cel * 9 / 5.0 + 32

        self.spinFahr.setValue(int(fahr + 0.5))
          

    def btn_FtoC_clicked(self):

        fahr = self.spinFahr.value()

        cel = (fahr - 32) * 5 / 9.0

        self.editCel.setText(str(cel))

加 载 包 含 菜
单的 UI 文件

连接 Convert 菜单
项和事件处理器

连接 Exit 菜单项
和事件处理器
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import sys

from PyQt4 import QtCore, QtGui, uic

form_class = uic.loadUiType("tempconv_menu.ui")[0] 

class MyWindowClass(QtGui.QMainWindow, form_class):

    def __init__(self, parent=None):

        QtGui.QMainWindow.__init__(self, parent)

        self.setupUi(self)

        self.btn_CtoF.clicked.connect(self.btn_CtoF_clicked)       

        self.btn_FtoC.clicked.connect(self.btn_FtoC_clicked)       

        self.action_CtoF.triggered.connect(self.btn_CtoF_clicked) 

        self.action_FtoC.triggered.connect(self.btn_FtoC_clicked) 

        self.actionExit.triggered.connect(self.menuExit_selected)
        

    def btn_CtoF_clicked(self):

        cel = float(self.editCel.text())

        fahr = cel * 9 / 5.0 + 32

        self.spinFahr.setValue(int(fahr + 0.5))
          

    def btn_FtoC_clicked(self):

        fahr = self.spinFahr.value()

        cel = (fahr - 32) * 5 / 9.0

        self.editCel.setText(str(cel))

        def menuExit_selected(self):      

        self.close()               

app = QtGui.QApplication(sys.argv)

myWindow = MyWindowClass(None)

myWindow.show()

app.exec_() 

Exit 菜 单 项 的 事
件处理器

热键

我们在前面说过，有些人喜欢用菜单而不喜欢用按钮，一个原因是菜单可以在

不使用鼠标的情况下直接使用键盘操作。现在，我们的菜单已经可以用鼠标来操作

了，但是还不能用键盘来操作。我们需要为菜单添加热键。

热键（也叫快捷键）让你可以使用键盘来选中菜单项。在 Windows 和 Linux 下，

通过 Alt 键来激活菜单系统。（我们会马上讲到 Mac OS。）当按下 Alt 键时，你会看

到各个菜单项中有个字母变成高亮显示

了，通常会有一条下划线。划线的字母

即是可以用来激活菜单的键。比如，要

进入 File 菜单，就按 Alt-F。也就是说，

先按住 Alt 键，再按 F 键，即可看到

File 菜单中的各项，同时也可以看到每

个菜单项的热键是什么。在 Python Shell
窗口中试一下（见右图）。

要打开一个新窗口，则使用 Alt-
F-N。（ 按 下 Alt 键， 按 F 键， 再 按 N
键。）

现在，我们来为温度转换 GUI 程序定义菜单的热键。要定义热键，只需在想让

其成为热键的字母前加上 & 字符即可。你可以在菜单（比如 File）的 Title 属性或者

菜单项（比如 Exit）的 Text 属性中完成。对于 File 菜单来说，一般使用 F 作为热键；

对于 Exit 菜单项来说，一般使用 X 作为热键。所以将 File 改为 &File，将 Exit 改为

E&xit。

我们需要为 Convert 菜单项指定热键。我们为 Convert 使用 C，Celsius to Fahren-
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heit 使用 C，华氏转摄氏使用 F 吧。所以我们将对应的文本分别改为 &Convert、&C 
to F 和 &F to C。热键组合分别是 Alt-C-C 和 Alt-C-F。

在 Qt Designer 中定义完热键之后，就不需要再做其他事情了，即没有新的代码

需要编写。PyQt 和操作系统会处理热键的下划线和键盘输入。你只需保存 UI 文件即

可，你可以将它存为一个不同的名字，比如 tempconv_menu_hotkeys.ui。如果使用了

不同的名字，记得修改代码清单 20-4 中的第三行来加载这个 UI 文件：

form_class = uic.loadUiType( "tempconv_menu_hotkeys.ui" )[0]

我在我的 Mac 上试过了。
按下 Option 键，也就是 Alt 键时，
我并没有看到菜单栏中有下划线，

也没有看到高亮的字母。

在 Mac OS X 中
菜单有热键吗？

答案是“没有”。因为所有的 Mac 电脑自诞生

之日起就有鼠标（或者触摸板），所以 Mac OS 会假

设你会使用鼠标来操作菜单。在 Mac OS 上，菜单

项没有键盘快捷键或者热键系统。很多功能都有快

捷键，而且其中有一些会和菜单项对应。但你并不能像在 Windows 上那样直接使用

热键操作菜单系统。

这就是温度转换 GUI 的全部内容。在第 22 章，我们将会使用 PyQt 来实现一个

Hangman 游戏。
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Celsius to Fahrenheit button and the Convert Celsius to Fahrenheit menu item a command 
called cmdCtoF. This command would be run when the button is clicked or the menu item is 
selected.

To make this work, go into Resource Editor and select the btnCtoF component. Scroll 
through the list of properties until you see command. Change the value from None to cmdCtoF. 
Do the same thing for the other button, but call the command cmdFtoC. Then start the 
Menu Editor, and select the &Celsius to Fahrenheit menu item. You’ll notice that there’s a 
text box for Command, which is empty. In this box, type cmdCtoF. Do the same for the 
&Fahrenheit to Celsius menu item, but call the command cmdFtoC.

Now we have both a button and a menu item with the command property set to cmdCtoF. The 
other button and menu item both have their command property set to cmdFtoC. Now we just 
have to change the names of the event handlers. Because we’re sharing an event handler 
between a button and a menu item, there will only need to be two event handlers, not four. 
The code should look like listing 20.5.

from PythonCard import model

class MainWindow(model.Background):

    def on_cmdCtoF_command(self, event):
        Cel = float(self.components.tfCel.text)
        Fahr = Cel * 9.0 / 5 + 32
        print 'cel = ', Cel, '  fahr = ', Fahr
        self.components.spinFahr.value = int(Fahr)

    def on_cmdFtoC_command(self, event):
        Fahr = self.components.spinFahr.value
        Cel = (Fahr - 32) * 5.0 / 9
        Cel = '%.2f' % Cel
        self.components.tfCel.text = Cel

app = model.Application(MainWindow)
app.MainLoop()

Now there are only two event handlers, and no extra functions are required. The command 
property is a good way to share an event handler between two or more components, if the 
components have to do the same things (like a button and a menu item do).

That’s it for the temperature-conversion GUI. In chapter 22, we’ll use PythonCard to make a 
version of the Hangman game.

Listing 20.5 Cleaning up our code even more

你学到了什么

在这一章，我们学到了以下内容。

PyQt。��

Qt Designer。��

构成 GUI 的组件�� —按钮、文本等。

事件处理器�� —让组件具体做事情。

菜单项和热键。��
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测试题

1. 构成 GUI 的按钮、文本域等元素有哪 3 个名字？

2. 要进入一个菜单，可以与 ALT 同时按下哪个字母？

3. Qt Designer 文件的文件名末尾必须加上什么？

4. 使用 PyQt 的 GUI 中可以包含哪 5 种组件类型？

5.  要让组件（如按钮）完成某项工作，它需要有一个 _______________________ 
________________。

6. 菜单中使用哪个特殊字符来定义热键？

7. PyQt 中微调框的内容总是一个 __________。

动手试一试

1.  我们在第 1 章建立了一个基于文本的猜数程序，另外在第 6 章建立了这个程

序的一个简单的 GUI 版本。试着使用 PyQt 建立这个猜数程序的 GUI 版本。

2.  前面出现微调框无法显示低于 0 的值的问题（卡特在代码清单 20-2 中找出了

这个 bug），你发现了吗？修改微调框属性来解决这个问题。确保对范围上下

界都做修改，使微调框不仅能显示非常高的温度，也能显示非常低的温度。

（也许你的用户除了想转换冥王星上的温度，还想转换水星和金星上的温度

呢！）
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第 21 章

打印格式化与字符串

在第 1 章中（真是很早以前了），你已经学习了 print语句。这是我们在 Python
中使用的第一个语句。我们还在第 5 章中见过可以在 print语句末尾加一个逗号，

让 Python 在同一行上打印后面的内容。（至少 Python 2 可以。Python 3 则不可以。）

我们曾经利用这一点来建立 raw_input()的提示语，不过后来我们了解到一种更好

的快捷方法，可以把提示语直接放在 raw_input()函数中。

这一章中，我们将要学习打印格式化，利用这些方法可以让程序的输出看起来

与你希望的一样。我们将要了解下面的内容。

换行（以及什么时候换行）。��

水平间隔（以及按列对齐）。��

在字符串中间打印变量。��

以整数、小数或 E 记法格式打印数字，以及设置应当有多少个小数位。��

我们还会学习 Python 中处理字符串的一些内置方法，这些方法可以完成下面的

工作。

将字符串分解为较小的部分。��

将字符串联接在一起。��

搜索字符串。��

在字符串内搜索。��

删除字符串中的某些部分。��

改变大小写。��

这些功能对于文本模式（非 GUI）程序非常有用，其中大部分功能在 GUI 和游

戏程序中也同样有用武之地。在打印格式化方面 Python 还可以做很多其他工作，不

过以上应该已经涵盖了程序中需要的 99% 的功能。
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21.1　换行

print语句我们已经见过很多次了。如果这个语句使用不只一次会发生什么？

可以试试这个小程序：

274 Hello World!

New lines
We have already seen the print statement many times. What happens if you use it more 
than once? Try this short program:

When you run it, the 
output should look like this:

Why did these two things print on 
different lines? Why didn’t the output look like this:

Unless you tell it otherwise, Python will start each print on a new line. After the Hi, Python 
moves down one line and back to the first column to print There. Python inserts a newline 
character between the two words. A newline is like pressing Enter in your text editor. 

Print and the comma
The print statement automatically puts a newline at the end of whatever it prints, unless 
you tell it not to. And how do you tell it not to? By adding a comma 
(like we saw in chapter 5):

print "Hi"
print "There"

>>> =================== RESTART ===================
>>>
Hi
There

HiThere

#!/bin/env python # Pag
ina

te a text file, adding a header and foote
r im

port sys, time, string # If no
 ar

gum
en

ts
 we

re gi

ve
n,

 pr
int a

 hel

pfu
l 

me

ssa
ge if

 le
n(

sy
s.

ar
gv

)!
=2

: p
rin

t '
Us

ag
e: 

py
pri

nt fil
ename'sys.exit(0 )c

las
s # Increment the page count, and reset the l

ine count self.heade
r_written=1 ; f.count=1header_written=1  ; #

!/bin/env python # Paginate a text 

Thinking like a programmer

Remember back in chapter 5 you learned about 
CR and LF (carriage return and line feed) for 
marking the end of a line of text? And remember 
how I said that some systems use one or the 
other, or both? Newline is the generic name for 
the end-of-line marker on any system. In Win-
dows, newline = CR + LF. In Linux, newline = 
LF, and in Mac OS X, newline = CR. That way, 
you don’t have to worry about what system 
you’re on. Just put a newline wherever you 
want to start a new line.

print >>>Hello i
f 
#

print >>>Hello if
 #

print >>>Hello i
f 
#

print 'Hi',
print 'There'

>>> =================== RESTART ===================
>>>
Hi There

运行这个程序时，输出将是：

274 Hello World!

New lines
We have already seen the print statement many times. What happens if you use it more 
than once? Try this short program:

When you run it, the 
output should look like this:

Why did these two things print on 
different lines? Why didn’t the output look like this:

Unless you tell it otherwise, Python will start each print on a new line. After the Hi, Python 
moves down one line and back to the first column to print There. Python inserts a newline 
character between the two words. A newline is like pressing Enter in your text editor. 

Print and the comma
The print statement automatically puts a newline at the end of whatever it prints, unless 
you tell it not to. And how do you tell it not to? By adding a comma 
(like we saw in chapter 5):

print "Hi"
print "There"

>>> =================== RESTART ===================
>>>
Hi
There

HiThere

#!/bin/env python # Pag
ina

te a text file, adding a header and foote
r im

port sys, time, string # If no
 ar

gum
en

ts
 we

re gi

ve
n,

 pr
int a

 hel

pfu
l 

me

ssa
ge if

 le
n(

sy
s.

ar
gv

)!
=2

: p
rin

t '
Us

ag
e: 

py
pri

nt fil
ename'sys.exit(0 )c

las
s # Increment the page count, and reset the l

ine count self.heade
r_written=1 ; f.count=1header_written=1  ; #

!/bin/env python # Paginate a text 

Thinking like a programmer

Remember back in chapter 5 you learned about 
CR and LF (carriage return and line feed) for 
marking the end of a line of text? And remember 
how I said that some systems use one or the 
other, or both? Newline is the generic name for 
the end-of-line marker on any system. In Win-
dows, newline = CR + LF. In Linux, newline = 
LF, and in Mac OS X, newline = CR. That way, 
you don’t have to worry about what system 
you’re on. Just put a newline wherever you 
want to start a new line.

print >>>Hello i
f 
#

print >>>Hello if
 #

print >>>Hello i
f 
#

print 'Hi',
print 'There'

>>> =================== RESTART ===================
>>>
Hi There

为什么这两个内容分别打印在不同的行上？为什么输出不是这样： HiThere

除非你另外指出，否则 Python 每次执行 print时都会在新的一行上开始。打印

Hi之后，Python 会下移一行，并回到第一列来打印 There。Python 会在两个词之间

插入一个换行符（newline）。换行符的作用相当于在文本编辑器中按下了回车。

#!/bin/envpython#
Pag
ina

teatextfile,addingaheaderandfoot
er
im

portsys,time,string#
Ifno

arg
um
en
ts
we

regi

ve
n,
pr

inta

hel

pf
ul
me

ssa
gei
f l

en
(s
ys
.a
rg
v)
!=
2:
pr
in
t
'U
sa
ge
:p
yp

rin
tfilename'sys.exit(0)c

la
ss
# Inc

rementthepagecount,andresetthe
linecountself.h

eade
r_written=1;f.count=1header_written=1

;#
!/bin/env

python
#
Paginateatext

print
>>>Helloi

f
#

print>>>Helloif
#

print
>>>Hello

if
#

print和逗号

print语句会自动在它打印的内容末尾加一个换行符，除非你明确指出不要这

像程序员一样思考

还记得吧？我们在第 5 章已经了解到，CR
和 LF（回车和换行）会标志一个文本行的结束。

另外我还说过，有些系统可能只使用其中一个字

符（CR 或 LF）表示换行，有些系统则两个都

用。换行是所有系统上行末标记的通用名。在

Windows 中，换行 = CR + LF。在 Linux 中，换

行 =LF，而在 Mac OS X 中，换行 = CR。所以不

必担心你使用哪个系统，希望换行时只需要加入

一个换行符。
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New lines
We have already seen the print statement many times. What happens if you use it more 
than once? Try this short program:

When you run it, the 
output should look like this:

Why did these two things print on 
different lines? Why didn’t the output look like this:

Unless you tell it otherwise, Python will start each print on a new line. After the Hi, Python 
moves down one line and back to the first column to print There. Python inserts a newline 
character between the two words. A newline is like pressing Enter in your text editor. 

Print and the comma
The print statement automatically puts a newline at the end of whatever it prints, unless 
you tell it not to. And how do you tell it not to? By adding a comma 
(like we saw in chapter 5):

print "Hi"
print "There"

>>> =================== RESTART ===================
>>>
Hi
There

HiThere

#!/bin/env python # Pag
ina

te a text file, adding a header and foote
r im

port sys, time, string # If no
 ar

gum
en

ts
 we

re gi

ve
n,

 pr
int a

 hel

pfu
l 

me

ssa
ge if

 le
n(

sy
s.

ar
gv

)!
=2

: p
rin

t '
Us

ag
e: 

py
pri

nt fil
ename'sys.exit(0 )c

las
s # Increment the page count, and reset the l

ine count self.heade
r_written=1 ; f.count=1header_written=1  ; #

!/bin/env python # Paginate a text 

Thinking like a programmer

Remember back in chapter 5 you learned about 
CR and LF (carriage return and line feed) for 
marking the end of a line of text? And remember 
how I said that some systems use one or the 
other, or both? Newline is the generic name for 
the end-of-line marker on any system. In Win-
dows, newline = CR + LF. In Linux, newline = 
LF, and in Mac OS X, newline = CR. That way, 
you don’t have to worry about what system 
you’re on. Just put a newline wherever you 
want to start a new line.

print >>>Hello i
f 
#

print >>>Hello if
 #

print >>>Hello i
f 
#

print 'Hi',
print 'There'

>>> =================== RESTART ===================
>>>
Hi There

么做。怎么告诉它

不换行呢？可以加

一个逗号（就像第

5 章中的一样）：
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（同样，这段代码不能在 Python 3 中正常运行。）注意 Hi和 There之间有一个

空格。使用逗号不让 Python 打印换行符时，它会打印一个空格。

如果希望连续打印两个内容而且中间没有空格，可以使用拼接（concatenation），
这在前面已经见过：

记住，拼接就像把字符串加在一起，之所以用这个特殊的叫法是因为“相加”

只适用于数字。

增加自己的换行符

如果想增加自己的换行符呢？例如，如果希望 Hi和 There之间空一行，该怎么

做呢？最容易的办法是直接增加一个 print语句：
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Notice that there’s a space between Hi and There. When you use a comma to prevent 
Python from printing the newline, it prints a space instead.

If you want to print two things right together without a space, you can use concatenation, 
which we saw before:

Remember that concatenation is like adding strings together, but it has a special name 
because “adding” is only for numbers. 

Adding our own newlines

What if we want to add our own newlines? For example, what if we want an extra row of 
space between hi and there? The easiest 
way is just to add an extra print statement:

When you run it, you’ll get this:

Special printing codes

There’s another way to add newlines. Python has some special codes you can add to strings to 
make them print differently. These special printing codes all start with a backlash (\) character.

The code for a newline is \n. Try this in interactive mode:

The \n made the two words Hello and World print on different lines, because it added a 
newline in between.

Horizontal spacing—tabs
We just saw how to control vertical spacing (by adding newlines or using commas to pre-
vent newlines). Now we’ll look at how to control the spacing of things across the screen, 
horizontally, with tabs. 

print 'Hi' + 'There'

>>> ==================== RESTART ====================
>>>
HiThere

print "Hi"
print
print "There"

>>> ================== RESTART ==================
>>>
Hi

There

>>> print "Hello World"
Hello World
>>> print "Hello \nWorld"
Hello
World

运行这个代码时，

会得到右面的结果：
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Notice that there’s a space between Hi and There. When you use a comma to prevent 
Python from printing the newline, it prints a space instead.

If you want to print two things right together without a space, you can use concatenation, 
which we saw before:

Remember that concatenation is like adding strings together, but it has a special name 
because “adding” is only for numbers. 

Adding our own newlines

What if we want to add our own newlines? For example, what if we want an extra row of 
space between hi and there? The easiest 
way is just to add an extra print statement:

When you run it, you’ll get this:

Special printing codes

There’s another way to add newlines. Python has some special codes you can add to strings to 
make them print differently. These special printing codes all start with a backlash (\) character.

The code for a newline is \n. Try this in interactive mode:

The \n made the two words Hello and World print on different lines, because it added a 
newline in between.

Horizontal spacing—tabs
We just saw how to control vertical spacing (by adding newlines or using commas to pre-
vent newlines). Now we’ll look at how to control the spacing of things across the screen, 
horizontally, with tabs. 

print 'Hi' + 'There'

>>> ==================== RESTART ====================
>>>
HiThere

print "Hi"
print
print "There"

>>> ================== RESTART ==================
>>>
Hi

There

>>> print "Hello World"
Hello World
>>> print "Hello \nWorld"
Hello
World

特殊打印代码

增加换行符还有一种方法。Python 提供了一些特殊的代码，可以把这些代码增

加到字符串中，以不同的方式打印。这些特殊的打印代码都以一个反斜线（\）字符

开头。

换行符的相应代码是 \n。可以在交互模式中试一下：

\n使 Hello和 World分别打印在不同的行上，因为它在这两个词之间增加了一

个换行符。

21.2　水平间隔——制表符

我们刚才看到了如何控制垂直间隔（通过增加换行，或者使用逗号来避免换
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Notice that there’s a space between Hi and There. When you use a comma to prevent 
Python from printing the newline, it prints a space instead.

If you want to print two things right together without a space, you can use concatenation, 
which we saw before:

Remember that concatenation is like adding strings together, but it has a special name 
because “adding” is only for numbers. 

Adding our own newlines

What if we want to add our own newlines? For example, what if we want an extra row of 
space between hi and there? The easiest 
way is just to add an extra print statement:

When you run it, you’ll get this:

Special printing codes

There’s another way to add newlines. Python has some special codes you can add to strings to 
make them print differently. These special printing codes all start with a backlash (\) character.

The code for a newline is \n. Try this in interactive mode:

The \n made the two words Hello and World print on different lines, because it added a 
newline in between.

Horizontal spacing—tabs
We just saw how to control vertical spacing (by adding newlines or using commas to pre-
vent newlines). Now we’ll look at how to control the spacing of things across the screen, 
horizontally, with tabs. 

print 'Hi' + 'There'

>>> ==================== RESTART ====================
>>>
HiThere

print "Hi"
print
print "There"

>>> ================== RESTART ==================
>>>
Hi

There

>>> print "Hello World"
Hello World
>>> print "Hello \nWorld"
Hello
World
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Notice that there’s a space between Hi and There. When you use a comma to prevent 
Python from printing the newline, it prints a space instead.

If you want to print two things right together without a space, you can use concatenation, 
which we saw before:

Remember that concatenation is like adding strings together, but it has a special name 
because “adding” is only for numbers. 

Adding our own newlines

What if we want to add our own newlines? For example, what if we want an extra row of 
space between hi and there? The easiest 
way is just to add an extra print statement:

When you run it, you’ll get this:

Special printing codes

There’s another way to add newlines. Python has some special codes you can add to strings to 
make them print differently. These special printing codes all start with a backlash (\) character.

The code for a newline is \n. Try this in interactive mode:

The \n made the two words Hello and World print on different lines, because it added a 
newline in between.

Horizontal spacing—tabs
We just saw how to control vertical spacing (by adding newlines or using commas to pre-
vent newlines). Now we’ll look at how to control the spacing of things across the screen, 
horizontally, with tabs. 

print 'Hi' + 'There'

>>> ==================== RESTART ====================
>>>
HiThere

print "Hi"
print
print "There"

>>> ================== RESTART ==================
>>>
Hi

There

>>> print "Hello World"
Hello World
>>> print "Hello \nWorld"
Hello
World
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行）。现在我们来看如何利用制表符控制屏幕上内容的水平间隔。

制表符（Tab，也叫做进格符）在按列对齐方面非常有用。要了解制表符是如何

工作的，可以想一想屏幕上的每一行都划分为多个大小相同的块时是什么样。下面

假设每一个块为 8 个字符宽。插入一个制表符时，就会移到下一个块开始的位置。

要了解具体怎么做，最好的办法就是试一试。制表符的特殊代码是 \t，所以可

以在交互模式先试试：
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Tabs are useful for lining things up in columns. To understand how tabs work, think of each 
line on the screen as being divided into blocks, with each block being the same size. Let’s 
say each block is eight characters wide. When you insert a tab, you move over to the start of 
the next block. 

The best way to see how this works is to try it. The special code for tab is \t, so try this in 
interactive mode:

Notice that the XYZ is a few characters away from the ABC. In fact, the XYZ is exactly eight 
characters from the start of the line. That’s because the size of the block is 8. Another way 
to say this is that there’s a tab stop every eight characters.

Here’s an example of some 
different print statements, 
with some shading added 
to show where the tab
stops are:

You can think of the screen (or each line) as being laid out in blocks of eight spaces. Notice 
that, as the ABC sequence gets longer, the XYZ stays in the same place. The \t tells Python to 
start the XYZ at the next tab stop, or at the next available block. But once the ABC sequence 
gets big enough to fill the first block, Python moves the XYZ over to the next tab stop.

Tabs are good for arranging things in columns, so that everything lines up. Let’s use this, as 
well as what we know about loops, to print a table of squares and cubes. Open a new win-
dow in IDLE, and type in the short program in listing 21.1. Save it and run it. (I called mine 
squbes.py, short for “squares and cubes.”)

Listing 21.1 A program to print squares and cubes
print "Number \tSquare \tCube"
for i in range (1, 11):
    print i, '\t', i**2, '\t', i**3

 

>>> print 'ABC\tXYZ'
ABC     XYZ

ABC XYZ

ABCDE XYZ

ABCDEF XYZ

>>> print 'ABC\tXYZ'

>>> print 'ABCDE\tXYZ'

>>> print 'ABCDEF\tXYZ'

ABCDEFG XYZ

ABCDEFGHI XYZ

>>> print 'ABCDEFG\tXYZ'

>>> print 'ABCDEFGHI\tXYZ'

注意 XYZ与 ABC有几个字符的间隔。实际上，XYZ距离这一行的起始位置正好

是 8 个字符。这是因为块的大小是 8。也可以这样讲：每 8 个字符之后有一个制表点

（tab stop）。

这个例子中执行

了不同的 print语句，

这里增加了一些阴影来

显示制表点在哪里：
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Tabs are useful for lining things up in columns. To understand how tabs work, think of each 
line on the screen as being divided into blocks, with each block being the same size. Let’s 
say each block is eight characters wide. When you insert a tab, you move over to the start of 
the next block. 

The best way to see how this works is to try it. The special code for tab is \t, so try this in 
interactive mode:

Notice that the XYZ is a few characters away from the ABC. In fact, the XYZ is exactly eight 
characters from the start of the line. That’s because the size of the block is 8. Another way 
to say this is that there’s a tab stop every eight characters.

Here’s an example of some 
different print statements, 
with some shading added 
to show where the tab
stops are:

You can think of the screen (or each line) as being laid out in blocks of eight spaces. Notice 
that, as the ABC sequence gets longer, the XYZ stays in the same place. The \t tells Python to 
start the XYZ at the next tab stop, or at the next available block. But once the ABC sequence 
gets big enough to fill the first block, Python moves the XYZ over to the next tab stop.

Tabs are good for arranging things in columns, so that everything lines up. Let’s use this, as 
well as what we know about loops, to print a table of squares and cubes. Open a new win-
dow in IDLE, and type in the short program in listing 21.1. Save it and run it. (I called mine 
squbes.py, short for “squares and cubes.”)

Listing 21.1 A program to print squares and cubes
print "Number \tSquare \tCube"
for i in range (1, 11):
    print i, '\t', i**2, '\t', i**3

 

>>> print 'ABC\tXYZ'
ABC     XYZ

ABC XYZ

ABCDE XYZ

ABCDEF XYZ

>>> print 'ABC\tXYZ'

>>> print 'ABCDE\tXYZ'

>>> print 'ABCDEF\tXYZ'

ABCDEFG XYZ

ABCDEFGHI XYZ

>>> print 'ABCDEFG\tXYZ'

>>> print 'ABCDEFGHI\tXYZ'

可以将屏幕（或者每一行）视为按 8 个空格为一块来摆放。注意，尽管 ABC序

列越来越长，但 XYZ仍保持在原来的位置上。\t告诉 Python 让 XYZ从下一个制

表点开始，或者从下一个可用的块开始。不过，一旦 ABC序列长到将第一块填满，

Python 就会把 XYZ下移到下一个制表点。

按列组织内容时，制表符很有用，能让所有内容都对齐。下面就要利用这一点

以及我们了解的关于循环的知识，打印一个关于正方形和立方体的表格。在 IDLE 中

打开一个新窗口，键入代码清单 21-1 中的小程序，保存这个程序并运行。（我把这个

程序命名为 squbes.py，这是“squares and cubes”的简写。）

代码清单 21-1　打印正方形和立方体的程序
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Tabs are useful for lining things up in columns. To understand how tabs work, think of each 
line on the screen as being divided into blocks, with each block being the same size. Let’s 
say each block is eight characters wide. When you insert a tab, you move over to the start of 
the next block. 

The best way to see how this works is to try it. The special code for tab is \t, so try this in 
interactive mode:

Notice that the XYZ is a few characters away from the ABC. In fact, the XYZ is exactly eight 
characters from the start of the line. That’s because the size of the block is 8. Another way 
to say this is that there’s a tab stop every eight characters.

Here’s an example of some 
different print statements, 
with some shading added 
to show where the tab
stops are:

You can think of the screen (or each line) as being laid out in blocks of eight spaces. Notice 
that, as the ABC sequence gets longer, the XYZ stays in the same place. The \t tells Python to 
start the XYZ at the next tab stop, or at the next available block. But once the ABC sequence 
gets big enough to fill the first block, Python moves the XYZ over to the next tab stop.

Tabs are good for arranging things in columns, so that everything lines up. Let’s use this, as 
well as what we know about loops, to print a table of squares and cubes. Open a new win-
dow in IDLE, and type in the short program in listing 21.1. Save it and run it. (I called mine 
squbes.py, short for “squares and cubes.”)

Listing 21.1 A program to print squares and cubes
print "Number \tSquare \tCube"
for i in range (1, 11):
    print i, '\t', i**2, '\t', i**3

 

>>> print 'ABC\tXYZ'
ABC     XYZ

ABC XYZ

ABCDE XYZ

ABCDEF XYZ

>>> print 'ABC\tXYZ'

>>> print 'ABCDE\tXYZ'

>>> print 'ABCDEF\tXYZ'

ABCDEFG XYZ

ABCDEFGHI XYZ

>>> print 'ABCDEFG\tXYZ'

>>> print 'ABCDEFGHI\tXYZ'

运行这个程序时，应该能看到输出像下面显示的那样准确地对齐：

图灵社区会员 FreeLink 专享 尊重版权



21.3　在字符串中插入变量　　285
277 CHAPTER 21 Print Formatting and Strings

When you run it, you should see output that’s nicely lined up, like this:

How do we print a backslash?

Because the backslash character (\) is used for special printing codes, how do we tell Python 
when we want to actually print a \ character, instead of using it as part of a code? The trick 
is just to put two of them together:

The first \ tells Python that something special is coming, and the second one tells Python 
what the special thing is: a \ character.

Inserting variables in strings
Up until now, when we wanted to put a variable in the middle of a string, we did something 
like this:

If we ran that code, we’d get this:

But there’s another way to insert variables into strings that gives us more control over how 
they’ll look, especially numbers. We can use format strings, which use the percent sign (%). 
Let’s say you want to insert a string variable in the middle of a print statement, like we just 
did. The way to do it 
with format strings is like this:

The % sign is used in two places. It’s used in the middle of the string to say where the vari-
able will go. Then it’s used again after the string to tell Python that the variable we want to 
insert in the string is coming next.

>>> ====================== RESTART ======================
>>>
Number  Square  Cube
1       1       1
2       4       8
3       9       27
4       16      64
5       25      125
6       36      216
7       49      343
8       64      512
9       81      729
10      100     1000
>>>

>>> print 'hi\\there'
hi\there

name = 'Warren Sande'
print 'My name is', name, 'and I wrote this book.'

My name is Warren Sande and I wrote this book.

name  = 'Warren Sande'
print 'My name is %s and I wrote this book' % name

如何打印反斜线

由于反斜线字符（\）用来表示特殊打印代码，如果我们确实想打印一个 \ 字符，

而不是将其作为代码的一部分打印，该如何告诉 Python 呢？我们的技巧是把两个反

斜线放在一起：
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When you run it, you should see output that’s nicely lined up, like this:

How do we print a backslash?

Because the backslash character (\) is used for special printing codes, how do we tell Python 
when we want to actually print a \ character, instead of using it as part of a code? The trick 
is just to put two of them together:

The first \ tells Python that something special is coming, and the second one tells Python 
what the special thing is: a \ character.

Inserting variables in strings
Up until now, when we wanted to put a variable in the middle of a string, we did something 
like this:

If we ran that code, we’d get this:

But there’s another way to insert variables into strings that gives us more control over how 
they’ll look, especially numbers. We can use format strings, which use the percent sign (%). 
Let’s say you want to insert a string variable in the middle of a print statement, like we just 
did. The way to do it 
with format strings is like this:

The % sign is used in two places. It’s used in the middle of the string to say where the vari-
able will go. Then it’s used again after the string to tell Python that the variable we want to 
insert in the string is coming next.

>>> ====================== RESTART ======================
>>>
Number  Square  Cube
1       1       1
2       4       8
3       9       27
4       16      64
5       25      125
6       36      216
7       49      343
8       64      512
9       81      729
10      100     1000
>>>

>>> print 'hi\\there'
hi\there

name = 'Warren Sande'
print 'My name is', name, 'and I wrote this book.'

My name is Warren Sande and I wrote this book.

name  = 'Warren Sande'
print 'My name is %s and I wrote this book' % name

第一个 \ 告诉 Python 接下来是一些特殊的内容，第二个 \ 告诉 Python 这些特殊

的内容就是 \ 字符。

术语箱
当你使用两个反斜线来打印一个反斜线字符时，第一个反斜线叫做“转义字

符”（escape character）。我们说第一个反斜线会将第二个反斜线“转义”，这

样第二个反斜线就会被当成普通字符输出，而不是当成特殊字符。

21.3　在字符串中插入变量

之前，如果我们想在字符串中间加变量，都是这样做的：

之前，如果我们想在字符串中间加变量，都是这样做的：
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When you run it, you should see output that’s nicely lined up, like this:

How do we print a backslash?

Because the backslash character (\) is used for special printing codes, how do we tell Python 
when we want to actually print a \ character, instead of using it as part of a code? The trick 
is just to put two of them together:

The first \ tells Python that something special is coming, and the second one tells Python 
what the special thing is: a \ character.

Inserting variables in strings
Up until now, when we wanted to put a variable in the middle of a string, we did something 
like this:

If we ran that code, we’d get this:

But there’s another way to insert variables into strings that gives us more control over how 
they’ll look, especially numbers. We can use format strings, which use the percent sign (%). 
Let’s say you want to insert a string variable in the middle of a print statement, like we just 
did. The way to do it 
with format strings is like this:

The % sign is used in two places. It’s used in the middle of the string to say where the vari-
able will go. Then it’s used again after the string to tell Python that the variable we want to 
insert in the string is coming next.

>>> ====================== RESTART ======================
>>>
Number  Square  Cube
1       1       1
2       4       8
3       9       27
4       16      64
5       25      125
6       36      216
7       49      343
8       64      512
9       81      729
10      100     1000
>>>

>>> print 'hi\\there'
hi\there

name = 'Warren Sande'
print 'My name is', name, 'and I wrote this book.'

My name is Warren Sande and I wrote this book.

name  = 'Warren Sande'
print 'My name is %s and I wrote this book' % name

运行这个代码时，会得到：
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When you run it, you should see output that’s nicely lined up, like this:

How do we print a backslash?

Because the backslash character (\) is used for special printing codes, how do we tell Python 
when we want to actually print a \ character, instead of using it as part of a code? The trick 
is just to put two of them together:

The first \ tells Python that something special is coming, and the second one tells Python 
what the special thing is: a \ character.

Inserting variables in strings
Up until now, when we wanted to put a variable in the middle of a string, we did something 
like this:

If we ran that code, we’d get this:

But there’s another way to insert variables into strings that gives us more control over how 
they’ll look, especially numbers. We can use format strings, which use the percent sign (%). 
Let’s say you want to insert a string variable in the middle of a print statement, like we just 
did. The way to do it 
with format strings is like this:

The % sign is used in two places. It’s used in the middle of the string to say where the vari-
able will go. Then it’s used again after the string to tell Python that the variable we want to 
insert in the string is coming next.

>>> ====================== RESTART ======================
>>>
Number  Square  Cube
1       1       1
2       4       8
3       9       27
4       16      64
5       25      125
6       36      216
7       49      343
8       64      512
9       81      729
10      100     1000
>>>

>>> print 'hi\\there'
hi\there

name = 'Warren Sande'
print 'My name is', name, 'and I wrote this book.'

My name is Warren Sande and I wrote this book.

name  = 'Warren Sande'
print 'My name is %s and I wrote this book' % name

不过要在字符串中插入变量还有一种方法，利用这种方法，可以更好地控制变

量（特别是数字）的显示。我们可以使用格式字符串（format string），其中使用了

百分号（%）。下面假设希望在 print语句中间插入一个字符串变量，就像前面一样。
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如果利用格式字符串，可以这样做：

277 CHAPTER 21 Print Formatting and Strings

When you run it, you should see output that’s nicely lined up, like this:

How do we print a backslash?

Because the backslash character (\) is used for special printing codes, how do we tell Python 
when we want to actually print a \ character, instead of using it as part of a code? The trick 
is just to put two of them together:

The first \ tells Python that something special is coming, and the second one tells Python 
what the special thing is: a \ character.

Inserting variables in strings
Up until now, when we wanted to put a variable in the middle of a string, we did something 
like this:

If we ran that code, we’d get this:

But there’s another way to insert variables into strings that gives us more control over how 
they’ll look, especially numbers. We can use format strings, which use the percent sign (%). 
Let’s say you want to insert a string variable in the middle of a print statement, like we just 
did. The way to do it 
with format strings is like this:

The % sign is used in two places. It’s used in the middle of the string to say where the vari-
able will go. Then it’s used again after the string to tell Python that the variable we want to 
insert in the string is coming next.

>>> ====================== RESTART ======================
>>>
Number  Square  Cube
1       1       1
2       4       8
3       9       27
4       16      64
5       25      125
6       36      216
7       49      343
8       64      512
9       81      729
10      100     1000
>>>

>>> print 'hi\\there'
hi\there

name = 'Warren Sande'
print 'My name is', name, 'and I wrote this book.'

My name is Warren Sande and I wrote this book.

name  = 'Warren Sande'
print 'My name is %s and I wrote this book' % name

这里有两处用到 %符号。先是用在字符串中间，指示要把变量放在什么位置。然

后在字符串后面再次用到，告诉 Python 接下来就是我们希望在字符串中插入的变量。

%s表示我们想插入一个字符串变量。如果想插入整数，要使用 %i；想插入浮点

数，则要使用 %f。

下面再给几个例子：

278 Hello World!

The %s means that it’s a string variable we want to insert. For an integer, we’d use %i; for a 
float, we’d use %f. 

Here are a couple more examples:

When you run this, you’ll get the following:

Here’s another one:

When you run this, you’ll get the following:

The %s, %f, and %i are called format strings, and they’re a kind of code for how you want the 
variable to look.

There are some other things you can add to the format strings to make numbers print 
exactly how you want. There are also a few different format strings you can use to get 
things like E-notation. (Remember that from chapter 3?) We’ll look at these in the next 
few sections. 

Number formatting
When we print numbers, we’d like to have control over how they look:

� how many decimal places they display
� whether to use regular or E-notation
� whether to add leading or trailing zeros
� whether to display + or - signs in front of the numbers

With format strings, Python gives us the flexibility we need to do all this and more!

For example, if you were using a program that told you the weather forecast, which would 
you rather see:

or

Getting numbers to look right is important for many programs. 

Let’s start with an example. Let’s say we want to print a decimal number with exactly two 
decimal places. Try 
this in interactive mode:

age = 13
print 'I am %i years old.' % age

I am 13 years old.

average = 75.6
print 'The average on our math test was %f percent.' % average

The average on our math test was 75.600000 percent.

Today’s High: 72.45672132, Low 45.4985756

Today’s High: 72, Low: 45

>>> dec_number = 12.3456
>>> print 'It is %.2f degrees today.' % dec_number
It is 12.35 degrees today

运行这个代码时，会得到下面的输出：

278 Hello World!

The %s means that it’s a string variable we want to insert. For an integer, we’d use %i; for a 
float, we’d use %f. 

Here are a couple more examples:

When you run this, you’ll get the following:

Here’s another one:

When you run this, you’ll get the following:

The %s, %f, and %i are called format strings, and they’re a kind of code for how you want the 
variable to look.

There are some other things you can add to the format strings to make numbers print 
exactly how you want. There are also a few different format strings you can use to get 
things like E-notation. (Remember that from chapter 3?) We’ll look at these in the next 
few sections. 

Number formatting
When we print numbers, we’d like to have control over how they look:

� how many decimal places they display
� whether to use regular or E-notation
� whether to add leading or trailing zeros
� whether to display + or - signs in front of the numbers

With format strings, Python gives us the flexibility we need to do all this and more!

For example, if you were using a program that told you the weather forecast, which would 
you rather see:

or

Getting numbers to look right is important for many programs. 

Let’s start with an example. Let’s say we want to print a decimal number with exactly two 
decimal places. Try 
this in interactive mode:

age = 13
print 'I am %i years old.' % age

I am 13 years old.

average = 75.6
print 'The average on our math test was %f percent.' % average

The average on our math test was 75.600000 percent.

Today’s High: 72.45672132, Low 45.4985756

Today’s High: 72, Low: 45

>>> dec_number = 12.3456
>>> print 'It is %.2f degrees today.' % dec_number
It is 12.35 degrees today

再看这个例子：

278 Hello World!

The %s means that it’s a string variable we want to insert. For an integer, we’d use %i; for a 
float, we’d use %f. 

Here are a couple more examples:

When you run this, you’ll get the following:

Here’s another one:

When you run this, you’ll get the following:

The %s, %f, and %i are called format strings, and they’re a kind of code for how you want the 
variable to look.

There are some other things you can add to the format strings to make numbers print 
exactly how you want. There are also a few different format strings you can use to get 
things like E-notation. (Remember that from chapter 3?) We’ll look at these in the next 
few sections. 

Number formatting
When we print numbers, we’d like to have control over how they look:

� how many decimal places they display
� whether to use regular or E-notation
� whether to add leading or trailing zeros
� whether to display + or - signs in front of the numbers

With format strings, Python gives us the flexibility we need to do all this and more!

For example, if you were using a program that told you the weather forecast, which would 
you rather see:

or

Getting numbers to look right is important for many programs. 

Let’s start with an example. Let’s say we want to print a decimal number with exactly two 
decimal places. Try 
this in interactive mode:

age = 13
print 'I am %i years old.' % age

I am 13 years old.

average = 75.6
print 'The average on our math test was %f percent.' % average

The average on our math test was 75.600000 percent.

Today’s High: 72.45672132, Low 45.4985756

Today’s High: 72, Low: 45

>>> dec_number = 12.3456
>>> print 'It is %.2f degrees today.' % dec_number
It is 12.35 degrees today

运行这个代码时，会得到下面的输出：

278 Hello World!

The %s means that it’s a string variable we want to insert. For an integer, we’d use %i; for a 
float, we’d use %f. 

Here are a couple more examples:

When you run this, you’ll get the following:

Here’s another one:

When you run this, you’ll get the following:

The %s, %f, and %i are called format strings, and they’re a kind of code for how you want the 
variable to look.

There are some other things you can add to the format strings to make numbers print 
exactly how you want. There are also a few different format strings you can use to get 
things like E-notation. (Remember that from chapter 3?) We’ll look at these in the next 
few sections. 

Number formatting
When we print numbers, we’d like to have control over how they look:

� how many decimal places they display
� whether to use regular or E-notation
� whether to add leading or trailing zeros
� whether to display + or - signs in front of the numbers

With format strings, Python gives us the flexibility we need to do all this and more!

For example, if you were using a program that told you the weather forecast, which would 
you rather see:

or

Getting numbers to look right is important for many programs. 

Let’s start with an example. Let’s say we want to print a decimal number with exactly two 
decimal places. Try 
this in interactive mode:

age = 13
print 'I am %i years old.' % age

I am 13 years old.

average = 75.6
print 'The average on our math test was %f percent.' % average

The average on our math test was 75.600000 percent.

Today’s High: 72.45672132, Low 45.4985756

Today’s High: 72, Low: 45

>>> dec_number = 12.3456
>>> print 'It is %.2f degrees today.' % dec_number
It is 12.35 degrees today

%s、%f 和 %i 都称为格式字符串，这些代码用来指示如何显示变量。

格式字符串中还可以增加一些其他内容，从而完全按你希望的方式打印数字。

你还可以使用一些不同的格式字符串得到类似 E 记法的结果。（应该还记得第 3 章介

绍的 E 记法吧？）我们将在后面几节学习这些内容。

21.4　数字格式化

打印数字时，我们希望对数字如何显示有一些控制：

显示多少位小数；��

使用常规记法还是 E 记法；��

是否增加前导或末尾的 0；��

是否在数字前面显示正负号（+ 或�� –）。

利用格式字符串，Python 为我们提供了充分的灵活性，不仅可以完成这些工作，

甚至还可以做更多事情！

例如，如果你在使用一个天气预报程序，你想看到下面哪一个结果呢？是这样：
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278 Hello World!

The %s means that it’s a string variable we want to insert. For an integer, we’d use %i; for a 
float, we’d use %f. 

Here are a couple more examples:

When you run this, you’ll get the following:

Here’s another one:

When you run this, you’ll get the following:

The %s, %f, and %i are called format strings, and they’re a kind of code for how you want the 
variable to look.

There are some other things you can add to the format strings to make numbers print 
exactly how you want. There are also a few different format strings you can use to get 
things like E-notation. (Remember that from chapter 3?) We’ll look at these in the next 
few sections. 

Number formatting
When we print numbers, we’d like to have control over how they look:

� how many decimal places they display
� whether to use regular or E-notation
� whether to add leading or trailing zeros
� whether to display + or - signs in front of the numbers

With format strings, Python gives us the flexibility we need to do all this and more!

For example, if you were using a program that told you the weather forecast, which would 
you rather see:

or

Getting numbers to look right is important for many programs. 

Let’s start with an example. Let’s say we want to print a decimal number with exactly two 
decimal places. Try 
this in interactive mode:

age = 13
print 'I am %i years old.' % age

I am 13 years old.

average = 75.6
print 'The average on our math test was %f percent.' % average

The average on our math test was 75.600000 percent.

Today’s High: 72.45672132, Low 45.4985756

Today’s High: 72, Low: 45

>>> dec_number = 12.3456
>>> print 'It is %.2f degrees today.' % dec_number
It is 12.35 degrees today

还是这样：

278 Hello World!

The %s means that it’s a string variable we want to insert. For an integer, we’d use %i; for a 
float, we’d use %f. 

Here are a couple more examples:

When you run this, you’ll get the following:

Here’s another one:

When you run this, you’ll get the following:

The %s, %f, and %i are called format strings, and they’re a kind of code for how you want the 
variable to look.

There are some other things you can add to the format strings to make numbers print 
exactly how you want. There are also a few different format strings you can use to get 
things like E-notation. (Remember that from chapter 3?) We’ll look at these in the next 
few sections. 

Number formatting
When we print numbers, we’d like to have control over how they look:

� how many decimal places they display
� whether to use regular or E-notation
� whether to add leading or trailing zeros
� whether to display + or - signs in front of the numbers

With format strings, Python gives us the flexibility we need to do all this and more!

For example, if you were using a program that told you the weather forecast, which would 
you rather see:

or

Getting numbers to look right is important for many programs. 

Let’s start with an example. Let’s say we want to print a decimal number with exactly two 
decimal places. Try 
this in interactive mode:

age = 13
print 'I am %i years old.' % age

I am 13 years old.

average = 75.6
print 'The average on our math test was %f percent.' % average

The average on our math test was 75.600000 percent.

Today’s High: 72.45672132, Low 45.4985756

Today’s High: 72, Low: 45

>>> dec_number = 12.3456
>>> print 'It is %.2f degrees today.' % dec_number
It is 12.35 degrees today

适当地显示数字对很多程序来说都很重要。

下面先来看一个例子。假设我们想要打印一个有两位小数的浮点数。试着在交

互模式中执行以下命令：

278 Hello World!

The %s means that it’s a string variable we want to insert. For an integer, we’d use %i; for a 
float, we’d use %f. 

Here are a couple more examples:

When you run this, you’ll get the following:

Here’s another one:

When you run this, you’ll get the following:

The %s, %f, and %i are called format strings, and they’re a kind of code for how you want the 
variable to look.

There are some other things you can add to the format strings to make numbers print 
exactly how you want. There are also a few different format strings you can use to get 
things like E-notation. (Remember that from chapter 3?) We’ll look at these in the next 
few sections. 

Number formatting
When we print numbers, we’d like to have control over how they look:

� how many decimal places they display
� whether to use regular or E-notation
� whether to add leading or trailing zeros
� whether to display + or - signs in front of the numbers

With format strings, Python gives us the flexibility we need to do all this and more!

For example, if you were using a program that told you the weather forecast, which would 
you rather see:

or

Getting numbers to look right is important for many programs. 

Let’s start with an example. Let’s say we want to print a decimal number with exactly two 
decimal places. Try 
this in interactive mode:

age = 13
print 'I am %i years old.' % age

I am 13 years old.

average = 75.6
print 'The average on our math test was %f percent.' % average

The average on our math test was 75.600000 percent.

Today’s High: 72.45672132, Low 45.4985756

Today’s High: 72, Low: 45

>>> dec_number = 12.3456
>>> print 'It is %.2f degrees today.' % dec_number
It is 12.35 degrees today

print 语句中间包含一个格式字符串。不过这一次没有直接使用 %f，而是使

用了 %.2f。这就告诉 Python 要采用浮点数格式，而且小数点后面要显示两位。（注

意，Python 非常聪明，它会正确地把数字四舍五入为两位小数，而不是直接去掉多

余的数位。）

这个字符串后面，第二个 %字符告诉 Python
接下来就是要打印的数。这个数要采用格式字符

串中描述的格式来打印。再看几个例子就能明 
白了。

你的记性不错，卡特！ %符号确实用作取

余操作符（整数除法中求余数），这是我们在第

3 章中学过的，不过它也用于指示格式字符串。

Python 能够区分出你是指取余还是格式字符串。

整数：%d或 %i

要把某项内容打印成整数，可以使用 %d或 %i格式字符串。（我不知道为什么会

有两个，不过用哪个都可以。）

279 CHAPTER 21 Print Formatting and Strings

I thought the 
% sign was used 
for the modulus 

operator!

In the middle of the print statement, there’s our format string. But instead of just using %f, 
this time we used %.2f. That tells Python to show two digits after the decimal place, with 
floating-point format. (Notice that Python was smart enough to round the number correctly 
to two decimal places, instead of just chopping the extra digits off.)

After the string, the second % sign tells Python that the number to be printed is coming 
next. The number is printed with the formatting that’s described in the format string. A few 
more examples will make this clearer.

You have a good memory, Carter! The % sign is used for 
modulus (the remainder in integer division), as we 
learned in chapter 3, but it’s also used to indicate 
format stings. Python can tell from the way it’s used 
whether you mean modulus or a format string.

Integers: %d or %i

To print something as an integer, use the %d or %i format string. (I don’t know why there are 
two, but you can use either one.)

Notice that, this time, the number wasn’t rounded. It was truncated (which means “chopped 
off”). If it were rounded, we would have seen 13 instead of 12. When you use integer for-
matting, the number is truncated, and when you use floating-point formatting, the number 
is rounded. 

There are three things to notice here:

� You don’t have to have any other text in the string—you can have just the format 
string by itself. 

� Even though our number was a float, we printed it as an integer. You can do that with 
format strings.

>>> number = 12.67
>>> print '%i' % number
12

注意，这一次数字没有四舍五入。它被截断（truncated，表示“直接切断”）了。

如果是四舍五入，我们会看到 13 而不是 12。使用整数格式化时，数字会被截断，不

过使用浮点数格式化时，数字则会四舍五入。

这里要注意以下 3 个方面。

字符串中不要求有其他文本，可以只包含格式字符串。��

即使是浮点数，也可以把它打印为整数。这可以通过格式字符串实现。��

我以为 % 符
号是取余操

作符！
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Python 会把值截断为上一个最大整数�� ①。不过，这与 int()函数（在第 4 章

见过）不同，因为格式字符串不会像 int()那样创建一个新的值，而只是改

变值显示的方式。

刚刚我们用整数格式打印 12.67，结果 Python 打印出了 12。不过变量 number的

值并没有改变。可以检查一下：

280 Hello World!

� Python truncated the value to the next lowest integer. However, this is different from 
the int() function (which we saw in chapter 4), because format strings don’t create a 
new value like int() does—they just change how the value is displayed.

Just now, we printed 12.67 in integer format, and it printed 12. But the value of the variable 
number has not been changed. Check it and see:

The value of number hasn’t changed. We just made it print differently using the format string.

Floating point numbers: %f or %F

For decimal numbers, you can use either the 
uppercase or lowercase f in the format string (%f or %F):

If you use just %f by itself, the number will display with six decimal places. If you add .n 
before the f, where n is any integer, it’ll round the number off to that many decimal places:

You can see how it rounded the number 12.3456 to two decimal places: 12.35.

If you specify more decimal places than are actually in the number, Python will pad (fill in) 
the number with zeros:

Here the number only had four places after the decimal, but we asked for eight, so the 
other four were filled in with zeros.

If the number is negative, %f will always display the - sign. If you want the number to 
always display a sign, even if it’s positive, use a + sign right after the % (this is good for lining 
up lists of positive and negative numbers):

If you want your list of positive and negative numbers to line up, but don’t want to see 
the + sign on positive numbers, use a 
space instead of the +, right after the %:

>>> print number
12.67

>>> number = 12.3456
>>> print '%f' % number
12.345600

>>> print '%.2F' % number
12.35

>>> print '%.8f' % number
12.34560000

>>> print '%+f' % number
+12.345600

>>> number2 = -98.76
>>> print '% .2f' % number2
-98.76
>>> print '% .2f' % number
 12.35

number的值并没有改变。我们只是使用格式字符串采用不同的方式打印。

浮点数：%f或 %F

打印小数时，可以在格式字符串中使用大写或小写的 f（%f或 %F）：

280 Hello World!

� Python truncated the value to the next lowest integer. However, this is different from 
the int() function (which we saw in chapter 4), because format strings don’t create a 
new value like int() does—they just change how the value is displayed.

Just now, we printed 12.67 in integer format, and it printed 12. But the value of the variable 
number has not been changed. Check it and see:

The value of number hasn’t changed. We just made it print differently using the format string.

Floating point numbers: %f or %F

For decimal numbers, you can use either the 
uppercase or lowercase f in the format string (%f or %F):

If you use just %f by itself, the number will display with six decimal places. If you add .n 
before the f, where n is any integer, it’ll round the number off to that many decimal places:

You can see how it rounded the number 12.3456 to two decimal places: 12.35.

If you specify more decimal places than are actually in the number, Python will pad (fill in) 
the number with zeros:

Here the number only had four places after the decimal, but we asked for eight, so the 
other four were filled in with zeros.

If the number is negative, %f will always display the - sign. If you want the number to 
always display a sign, even if it’s positive, use a + sign right after the % (this is good for lining 
up lists of positive and negative numbers):

If you want your list of positive and negative numbers to line up, but don’t want to see 
the + sign on positive numbers, use a 
space instead of the +, right after the %:

>>> print number
12.67

>>> number = 12.3456
>>> print '%f' % number
12.345600

>>> print '%.2F' % number
12.35

>>> print '%.8f' % number
12.34560000

>>> print '%+f' % number
+12.345600

>>> number2 = -98.76
>>> print '% .2f' % number2
-98.76
>>> print '% .2f' % number
 12.35

如果只使用 %f，数字会显示为有 6 位小数。如果在 f前面加上 .n，这里 n可以

是任意整数，就会把数字四舍五入为指定的小数位数：

280 Hello World!

� Python truncated the value to the next lowest integer. However, this is different from 
the int() function (which we saw in chapter 4), because format strings don’t create a 
new value like int() does—they just change how the value is displayed.

Just now, we printed 12.67 in integer format, and it printed 12. But the value of the variable 
number has not been changed. Check it and see:

The value of number hasn’t changed. We just made it print differently using the format string.

Floating point numbers: %f or %F

For decimal numbers, you can use either the 
uppercase or lowercase f in the format string (%f or %F):

If you use just %f by itself, the number will display with six decimal places. If you add .n 
before the f, where n is any integer, it’ll round the number off to that many decimal places:

You can see how it rounded the number 12.3456 to two decimal places: 12.35.

If you specify more decimal places than are actually in the number, Python will pad (fill in) 
the number with zeros:

Here the number only had four places after the decimal, but we asked for eight, so the 
other four were filled in with zeros.

If the number is negative, %f will always display the - sign. If you want the number to 
always display a sign, even if it’s positive, use a + sign right after the % (this is good for lining 
up lists of positive and negative numbers):

If you want your list of positive and negative numbers to line up, but don’t want to see 
the + sign on positive numbers, use a 
space instead of the +, right after the %:

>>> print number
12.67

>>> number = 12.3456
>>> print '%f' % number
12.345600

>>> print '%.2F' % number
12.35

>>> print '%.8f' % number
12.34560000

>>> print '%+f' % number
+12.345600

>>> number2 = -98.76
>>> print '% .2f' % number2
-98.76
>>> print '% .2f' % number
 12.35

可以看到它把数字 12.3456 四舍五入到小数点后前两位：12.35。

如果指定的小数位比数中实际的小数位还要多，Python 会用 0 来填充（pad）：

280 Hello World!

� Python truncated the value to the next lowest integer. However, this is different from 
the int() function (which we saw in chapter 4), because format strings don’t create a 
new value like int() does—they just change how the value is displayed.

Just now, we printed 12.67 in integer format, and it printed 12. But the value of the variable 
number has not been changed. Check it and see:

The value of number hasn’t changed. We just made it print differently using the format string.

Floating point numbers: %f or %F

For decimal numbers, you can use either the 
uppercase or lowercase f in the format string (%f or %F):

If you use just %f by itself, the number will display with six decimal places. If you add .n 
before the f, where n is any integer, it’ll round the number off to that many decimal places:

You can see how it rounded the number 12.3456 to two decimal places: 12.35.

If you specify more decimal places than are actually in the number, Python will pad (fill in) 
the number with zeros:

Here the number only had four places after the decimal, but we asked for eight, so the 
other four were filled in with zeros.

If the number is negative, %f will always display the - sign. If you want the number to 
always display a sign, even if it’s positive, use a + sign right after the % (this is good for lining 
up lists of positive and negative numbers):

If you want your list of positive and negative numbers to line up, but don’t want to see 
the + sign on positive numbers, use a 
space instead of the +, right after the %:

>>> print number
12.67

>>> number = 12.3456
>>> print '%f' % number
12.345600

>>> print '%.2F' % number
12.35

>>> print '%.8f' % number
12.34560000

>>> print '%+f' % number
+12.345600

>>> number2 = -98.76
>>> print '% .2f' % number2
-98.76
>>> print '% .2f' % number
 12.35

这个数的小数点后面只有 4 位，但我们要求有 8 位小数，所以另外 4 位会用 0
来填充。

如果是负数，%f总会显示 - 号。如果希望数字总会显示正负号（即使它是一个

正数），可以在 %后面加一个 + 号（如果列表中既有正数也有负数，这对于列表的对

齐也很有好处）：

280 Hello World!

� Python truncated the value to the next lowest integer. However, this is different from 
the int() function (which we saw in chapter 4), because format strings don’t create a 
new value like int() does—they just change how the value is displayed.

Just now, we printed 12.67 in integer format, and it printed 12. But the value of the variable 
number has not been changed. Check it and see:

The value of number hasn’t changed. We just made it print differently using the format string.

Floating point numbers: %f or %F

For decimal numbers, you can use either the 
uppercase or lowercase f in the format string (%f or %F):

If you use just %f by itself, the number will display with six decimal places. If you add .n 
before the f, where n is any integer, it’ll round the number off to that many decimal places:

You can see how it rounded the number 12.3456 to two decimal places: 12.35.

If you specify more decimal places than are actually in the number, Python will pad (fill in) 
the number with zeros:

Here the number only had four places after the decimal, but we asked for eight, so the 
other four were filled in with zeros.

If the number is negative, %f will always display the - sign. If you want the number to 
always display a sign, even if it’s positive, use a + sign right after the % (this is good for lining 
up lists of positive and negative numbers):

If you want your list of positive and negative numbers to line up, but don’t want to see 
the + sign on positive numbers, use a 
space instead of the +, right after the %:

>>> print number
12.67

>>> number = 12.3456
>>> print '%f' % number
12.345600

>>> print '%.2F' % number
12.35

>>> print '%.8f' % number
12.34560000

>>> print '%+f' % number
+12.345600

>>> number2 = -98.76
>>> print '% .2f' % number2
-98.76
>>> print '% .2f' % number
 12.35

如果希望包含正负数的列表对齐，但是不希望看到正数带 + 号，可以在 %后面

①  原文这里是“下一个最小整数”，这是不对的。例如，13.2 会截断为 13，也就是上一个最大整
数，而下一个最小整数应当是 14，13.2 当然不会截断为 14。—译者注
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使用一个空格代替 +：

280 Hello World!

� Python truncated the value to the next lowest integer. However, this is different from 
the int() function (which we saw in chapter 4), because format strings don’t create a 
new value like int() does—they just change how the value is displayed.

Just now, we printed 12.67 in integer format, and it printed 12. But the value of the variable 
number has not been changed. Check it and see:

The value of number hasn’t changed. We just made it print differently using the format string.

Floating point numbers: %f or %F

For decimal numbers, you can use either the 
uppercase or lowercase f in the format string (%f or %F):

If you use just %f by itself, the number will display with six decimal places. If you add .n 
before the f, where n is any integer, it’ll round the number off to that many decimal places:

You can see how it rounded the number 12.3456 to two decimal places: 12.35.

If you specify more decimal places than are actually in the number, Python will pad (fill in) 
the number with zeros:

Here the number only had four places after the decimal, but we asked for eight, so the 
other four were filled in with zeros.

If the number is negative, %f will always display the - sign. If you want the number to 
always display a sign, even if it’s positive, use a + sign right after the % (this is good for lining 
up lists of positive and negative numbers):

If you want your list of positive and negative numbers to line up, but don’t want to see 
the + sign on positive numbers, use a 
space instead of the +, right after the %:

>>> print number
12.67

>>> number = 12.3456
>>> print '%f' % number
12.345600

>>> print '%.2F' % number
12.35

>>> print '%.8f' % number
12.34560000

>>> print '%+f' % number
+12.345600

>>> number2 = -98.76
>>> print '% .2f' % number2
-98.76
>>> print '% .2f' % number
 12.35

输出中的 12 前面有一个空格，所以，尽管 98 前面有负号而 12 前面没有正负

号，这两个数也能对齐。

E 记法：%e和 %E

我们在第 3 章讨论过 E 记法，前面说过我会告诉你如何使用 E 记法来打印数字。

好吧，现在就来介绍这个内容。

281 CHAPTER 21 Print Formatting and Strings

Notice that there is a space before 12 in the output, so that the 12 and 98 line up one below 
the other, even though one has a sign and the other doesn’t.

E-notation: %e and %E
When we talked about E-notation (in chapter 3), I promised I’d show you how to make num-
bers print using E-notation. Well, here it is.

The %e format string is used to print E-notation. It always prints six decimal places unless 
you tell it otherwise. 

You can print more or fewer decimal places by using a .n after the %, just like 
with �oats:

The %.3e rounded o� to three decimal places, and the %.8e added some zeroes to make up 
the extra digits.

You can use a lowercase or uppercase e, and the output will use the same case you used in 
the format string:

Automatic �oat or E-notation: %g and %G

If you want Python to automatically choose �oat notation or E-notation for you, use 
the %g format string. Again, if you use uppercase, you’ll get an uppercase E in 
the output.

Did you notice how Python automatically chose E-notation for the big number and regular 
�oating-point notation for the smaller number?

How do I print a percent sign?

You might be wondering, because the percent sign (%) is a special character for format 
strings, how you make a % sign print?

>>> number = 12.3456
>>> print '%e' % number
1.234560e+01

>>> number = 12.3456
>>> print '%.3e' % number
1.235e+01
>>> print '%.8e' % number
1.23456000e+01

>>> print '%E' % number
1.234560E+01

>>> number1 = 12.3
>>> number2 = 456712345.6
>>> print '%g' % number1
12.3
>>> print '%g' % number2
4.56712e+08

要使用 %e格式字符串打印 E 记法。它总是打印 6 位小数，除非你另作要求。

如果要打印更多或更少的小数位，可以在 %后面使用 .n，就像打印浮点数时一

样：

281 CHAPTER 21 Print Formatting and Strings

Notice that there is a space before 12 in the output, so that the 12 and 98 line up one below 
the other, even though one has a sign and the other doesn’t.

E-notation: %e and %E
When we talked about E-notation (in chapter 3), I promised I’d show you how to make num-
bers print using E-notation. Well, here it is.

The %e format string is used to print E-notation. It always prints six decimal places unless 
you tell it otherwise. 

You can print more or fewer decimal places by using a .n after the %, just like 
with �oats:

The %.3e rounded o� to three decimal places, and the %.8e added some zeroes to make up 
the extra digits.

You can use a lowercase or uppercase e, and the output will use the same case you used in 
the format string:

Automatic �oat or E-notation: %g and %G

If you want Python to automatically choose �oat notation or E-notation for you, use 
the %g format string. Again, if you use uppercase, you’ll get an uppercase E in 
the output.

Did you notice how Python automatically chose E-notation for the big number and regular 
�oating-point notation for the smaller number?

How do I print a percent sign?

You might be wondering, because the percent sign (%) is a special character for format 
strings, how you make a % sign print?

>>> number = 12.3456
>>> print '%e' % number
1.234560e+01

>>> number = 12.3456
>>> print '%.3e' % number
1.235e+01
>>> print '%.8e' % number
1.23456000e+01

>>> print '%E' % number
1.234560E+01

>>> number1 = 12.3
>>> number2 = 456712345.6
>>> print '%g' % number1
12.3
>>> print '%g' % number2
4.56712e+08

%.3e四舍五入为 3 位小数，%.8e增加了一些 0 来填充不足的小数位。

小写或大写 e 都是可以的，你在格式字符串中使用什么大小写形式，输出时也

会显示同样的大小写：

281 CHAPTER 21 Print Formatting and Strings

Notice that there is a space before 12 in the output, so that the 12 and 98 line up one below 
the other, even though one has a sign and the other doesn’t.

E-notation: %e and %E
When we talked about E-notation (in chapter 3), I promised I’d show you how to make num-
bers print using E-notation. Well, here it is.

The %e format string is used to print E-notation. It always prints six decimal places unless 
you tell it otherwise. 

You can print more or fewer decimal places by using a .n after the %, just like 
with �oats:

The %.3e rounded o� to three decimal places, and the %.8e added some zeroes to make up 
the extra digits.

You can use a lowercase or uppercase e, and the output will use the same case you used in 
the format string:

Automatic �oat or E-notation: %g and %G

If you want Python to automatically choose �oat notation or E-notation for you, use 
the %g format string. Again, if you use uppercase, you’ll get an uppercase E in 
the output.

Did you notice how Python automatically chose E-notation for the big number and regular 
�oating-point notation for the smaller number?

How do I print a percent sign?

You might be wondering, because the percent sign (%) is a special character for format 
strings, how you make a % sign print?

>>> number = 12.3456
>>> print '%e' % number
1.234560e+01

>>> number = 12.3456
>>> print '%.3e' % number
1.235e+01
>>> print '%.8e' % number
1.23456000e+01

>>> print '%E' % number
1.234560E+01

>>> number1 = 12.3
>>> number2 = 456712345.6
>>> print '%g' % number1
12.3
>>> print '%g' % number2
4.56712e+08

自动浮点数或 E 记法：%g和 %G

如果你希望 Python 自动选择浮点数记法或 E 记法，可以使用 %g格式字符串。

同样，如果使用大写，输出中就会得到一个大写的 E：

281 CHAPTER 21 Print Formatting and Strings

Notice that there is a space before 12 in the output, so that the 12 and 98 line up one below 
the other, even though one has a sign and the other doesn’t.

E-notation: %e and %E
When we talked about E-notation (in chapter 3), I promised I’d show you how to make num-
bers print using E-notation. Well, here it is.

The %e format string is used to print E-notation. It always prints six decimal places unless 
you tell it otherwise. 

You can print more or fewer decimal places by using a .n after the %, just like 
with �oats:

The %.3e rounded o� to three decimal places, and the %.8e added some zeroes to make up 
the extra digits.

You can use a lowercase or uppercase e, and the output will use the same case you used in 
the format string:

Automatic �oat or E-notation: %g and %G

If you want Python to automatically choose �oat notation or E-notation for you, use 
the %g format string. Again, if you use uppercase, you’ll get an uppercase E in 
the output.

Did you notice how Python automatically chose E-notation for the big number and regular 
�oating-point notation for the smaller number?

How do I print a percent sign?

You might be wondering, because the percent sign (%) is a special character for format 
strings, how you make a % sign print?

>>> number = 12.3456
>>> print '%e' % number
1.234560e+01

>>> number = 12.3456
>>> print '%.3e' % number
1.235e+01
>>> print '%.8e' % number
1.23456000e+01

>>> print '%E' % number
1.234560E+01

>>> number1 = 12.3
>>> number2 = 456712345.6
>>> print '%g' % number1
12.3
>>> print '%g' % number2
4.56712e+08

注意到了吗？ Python 会为大数自动选择 E 记法，而对较小的数使用浮点数记法。
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如何打印百分号

你可能很想知道，既然百分号（%）对格式字符串来说是一个特殊的字符，那么

怎么打印 %呢？

嗯，Python 有时候很聪明，它能确定你什么时候使用 %符号开始一个格式字符

串，以及什么时候只是想打印一个百分号。可以试试这个命令：

282 Hello World!

Well, Python is smart enough to figure out when you’re using a % sign to start a format 
string, and when you just 
want to print one. Try this:

How does it know? There wasn’t a second % outside the string, and there was no variable to 
format, so Python assumed that the % was just another character in your string.

Storing formatted numbers
Sometimes you don’t want to print the formatted number right away, but rather store it 
in a string to use later. That’s easy. Instead of printing it, just assign it to a variable, 
like this:

Instead of directly printing the formatted number, we assigned it to the variable my_string. 
Then we combined my_string with some other text and printed our sentence.

Storing the formatted number as a string is very useful for GUIs and other graphical pro-
grams like games. Once you have a variable name for the formatted string, you can display 
it however you want: in a text box, button, dialog, or game screen.

Strings ’n’ things
When we first learned about strings (back in chapter 2), we saw that you could combine two 
of them with the + sign, like this:

Now we’re going to find out more things you can do with strings.

Strings in Python are really objects (see, everything is an object . . . ) and they have their own 
methods for doing things like searching, splitting, and combining. These are known as string 
methods.

Splitting strings
Sometimes you need to split up a long string into a number of smaller ones. Usually you 
want to do this at particular points in the string, like whenever a certain character 
appears. For example, a common way of storing data in a text file is to have items 
separated from each other by a comma. So you might have a list of names that looks 
like this:

>>> print 'I got 90% on my math test!'
I got 90% on my math test!

>>> my_string = '%.2f' % 12.3456
>>> print my_string
12.35
>>> print "The answer is", my_string
The answer is 12.35

>>> print 'cat' + 'dog'
catdog

name_string = "Sam,Brad,Alex,Cameron,Toby,Gwen,Jenn,Connor"

在这个例子中，字符串外面没有第二个 %，也没有需要格式化的变量，所以

Python 认为这个 %只是字符串中的一个普通字符。

但是如果你在打印格式化字符串时想打印一个百分号，就需要输入两个百分号，

就像你曾经用两个反斜线来打印一个反斜线一样。我们说第一个百分号对第二个百

分号进行了转义，就像在本章前面的术语箱中提到的一样：

>>> math = 75.4
>>> print 'I got %.1f%% on my math test' % math
I got 75.4% on my math test

第一个 %表示格式化字符串。两个 %%在一起告诉 Python，你希望打印出一个 %

字符。引号外面的 %告诉 Python 你需要将后面的变量打印出来。

多个格式化字符串

如果你想在一个 print语句中放入多个格式化字符串，该怎么办呢？你可以这

样做：

>>> math = 75.4
>>> science = 82.1
>>> print 'I got %.1f in math and %.1f in science' % (math, science)

你可以在 print语句中放入任意多个格式化字符串，后面跟一个变量元组

（tuple）。还记得吗？元组和列表很像，只是它使用的是圆括号而不是方括号，而且

元组是不可变的。这是 Python 显得很挑剔的一个地方，这里你必须使用元组，而不

能使用列表。除非只有一个变量需要格式化，这时才可以不用元组。（你在很多例子

中已经见过了。）请确保（引号内的）格式化字符串的数量和（引号外的）变量数量

相同，否则程序会报错。

存储格式化数字

有时你不想直接打印出格式化的数字，而是希望把它存储在一个字符串中以备

以后使用。这很容易，可以不打印，把它直接赋给一个变量，如下：
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>>> my_string = '%.2f' % 12.3456

>>> print my_string

12.35

>>> print 'The answer is', my_string

The answer is 12.35

这里没有直接打印格式化数字，我们把它赋给变量 my_string。再将 my_

string与其他一些文本结合，并打印整个句子。

对于 GUI 和其他图形程序（如游戏）来说，将格式化数字存储为字符串非常有

用。一旦有一个对应格式化字符串的变量名，就可以采用你希望的任何方式来显示：

可以显示在文本框中，显示在对话框中，或者显示在游戏屏幕上。

21.5　格式化的新方法

刚刚学习的格式化字符串的语法在 Python 的所有版本中都可以正常工作。但

是在 Python 2.6 及之后的版本中，有一个新的格式化方法。因为这本书中使用的是

Python 2.7，所以我想我们也应该看一下这个新方法。你可能会在 Python 代码中见到

它，所以这样你起码会知道它是什么意思。你可以自行决定使用新的还是旧的语法

来格式化字符串。

format() 方法

（在 Python 2.6 及之后的版本中）Python 字符串有一个名为 format() 的方法。

它的工作方式和你在前面见过的 %格式化字符串很像。事实上，格式化说明符号 f、

g、e等都是一样的，只不过使用方式稍有区别。最好用例子来说明。

下面是旧的方法：

print 'I got %.1f in math, %.1f in science' % (math, science)

下面是新的方法：

print 'I got {0:.1f} in math, {1:.1f} in science'.format(math, science)

在这种新方法中，格式化说明符被放在花括号中，而不再以 %开头。0和 1告

诉 Python 要格式化的是元组中的哪个变量。Python 计数从 0 开始，所以元组中第一

个元素（变量 math）的索引是 0，第二个元素（变量 science）的索引是 1。然后使

用 .1f，其用法和旧方法中一样。

这就是新方法的全部内容。你可以像旧方法中用 % 格式化一样，将格式化后的

字符串存为一个变量：
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distance = 149597870700
myString = 'The sun is {0:.4e} meters from the earth'.format(distance)

因为你不再使用 %来区分格式化字符串，所以如果要打印一个 %的话，也不需

要再做任何特殊工作：

>>> print 'I got {0:.1f}% in math'.format(math)
I got 87% in math

Python 程序员们会觉得使用 format()语法更好，尤其是在 Python 3 中，但你

可以自由选择。本书中的例子都使用 %语法。

21.6　更多字符串处理

最早学习字符串时（第 2 章），我们已经看到，可以用 + 号把两个字符串联接起

来，就像这样：

282 Hello World!

Well, Python is smart enough to figure out when you’re using a % sign to start a format 
string, and when you just 
want to print one. Try this:

How does it know? There wasn’t a second % outside the string, and there was no variable to 
format, so Python assumed that the % was just another character in your string.

Storing formatted numbers
Sometimes you don’t want to print the formatted number right away, but rather store it 
in a string to use later. That’s easy. Instead of printing it, just assign it to a variable, 
like this:

Instead of directly printing the formatted number, we assigned it to the variable my_string. 
Then we combined my_string with some other text and printed our sentence.

Storing the formatted number as a string is very useful for GUIs and other graphical pro-
grams like games. Once you have a variable name for the formatted string, you can display 
it however you want: in a text box, button, dialog, or game screen.

Strings ’n’ things
When we first learned about strings (back in chapter 2), we saw that you could combine two 
of them with the + sign, like this:

Now we’re going to find out more things you can do with strings.

Strings in Python are really objects (see, everything is an object . . . ) and they have their own 
methods for doing things like searching, splitting, and combining. These are known as string 
methods.

Splitting strings
Sometimes you need to split up a long string into a number of smaller ones. Usually you 
want to do this at particular points in the string, like whenever a certain character 
appears. For example, a common way of storing data in a text file is to have items 
separated from each other by a comma. So you might have a list of names that looks 
like this:

>>> print 'I got 90% on my math test!'
I got 90% on my math test!

>>> my_string = '%.2f' % 12.3456
>>> print my_string
12.35
>>> print "The answer is", my_string
The answer is 12.35

>>> print 'cat' + 'dog'
catdog

name_string = "Sam,Brad,Alex,Cameron,Toby,Gwen,Jenn,Connor"

现在来看还可以对字符串做哪些处理。

Python 中的字符串实际上都是对象（看到了吧，所有一切都是对象……），而

且有自己的方法来完成搜索、分解和结合之类的操作。这些方法都称为字符串方法。

刚刚看到的 format()方法就是一种字符串方法。

分解字符串

有时需要把一个长字符串分解成多个小字符串。通常你会想在字符串的某些特

定位置（比如说出现某个字符的地方）进行分解。例如，在文本文件中存储数据时，

常见的方法就是将各个项用逗号分隔。所以你可能会得到类似这样一个名字字符串：

>>> name_string = 'Sam,Brad,Alex,Cameron,Toby,Gwen,Jenn,Connor'

假设你想把这些名字放在一个列表中，每一项是一个名字。这就需要在出现逗

号的地方分解字符串。完成这项工作的 Python 方法名为 split()，它的用法如下：
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Suppose you want to put these names in a list, with each item being one name. You need to 
split this string wherever there’s a comma. The Python method for doing this is called 
split(), and it works like this:

You tell it what character to use as the split marker, and it gives you back a list, which is the 
original string broken up into parts. If we printed the output from this example, the one big 
string of names would be split up into individual items in a list:

You can have more than one character as the split marker. For instance, you could use 
'Toby,' as the split marker, 
and you’d get the following list:

This time, the string got split into two parts: all the stu� on one side of 'Toby,' and all the 
stu� on the other side of 'Toby,'. Notice that 'Toby,' doesn’t appear in the list, because the 
split marker gets thrown away.

There’s one other thing to know. If you don’t give Python any split marker, it’ll split the 
string at any whitespace:

>>> print names
['Sam','Brad','Alex','Cameron','Toby','Gwen','Jenn','Connor']

>>> for name in names:
        print name

Sam
Brad
Alex
Cameron
Toby
Gwen
Jenn
Connor
>>>

>>> names = name_string.split(',')

Please not me...
don’t split me!

>>> parts = name_string.split('Toby,')
>>> print parts
['Sam,Brad,Alex,Cameron', 'Gwen,Jenn,Connor']

>>> for part in parts:
      print part

Sam,Brad,Alex,Cameron
Gwen,Jenn,Connor

>>> names = name_string.split()

要指出使用哪个字符作为分解标记，这个方法会返回一个列表，也就是把原来

的字符串分解为许多部分。如果打印这个例子的输出，这个长长的名字串会分解为一

个列表中的单个列表项：
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283 CHAPTER 21 Print Formatting and Strings

Suppose you want to put these names in a list, with each item being one name. You need to 
split this string wherever there’s a comma. The Python method for doing this is called 
split(), and it works like this:

You tell it what character to use as the split marker, and it gives you back a list, which is the 
original string broken up into parts. If we printed the output from this example, the one big 
string of names would be split up into individual items in a list:

You can have more than one character as the split marker. For instance, you could use 
'Toby,' as the split marker, 
and you’d get the following list:

This time, the string got split into two parts: all the stuff on one side of 'Toby,' and all the 
stuff on the other side of 'Toby,'. Notice that 'Toby,' doesn’t appear in the list, because the 
split marker gets thrown away.

There’s one other thing to know. If you don’t give Python any split marker, it’ll split the 
string at any whitespace:

>>> print names
['Sam','Brad','Alex','Cameron','Toby','Gwen','Jenn','Connor']

>>> for name in names:
        print name

Sam
Brad
Alex
Cameron
Toby
Gwen
Jenn
Connor
>>>

names = name_string.split(',')

Please not me...
don’t split me!

>>> parts = name_string.split('Toby,')
>>> print parts
['Sam,Brad,Alex,Cameron', 'Gwen,Jenn,Connor']

>>> for part in parts:
      print part

Sam,Brad,Alex,Cameron
Gwen,Jenn,Connor

names = name_string.split()

分解！

分
解

！

不包括我…
不要把我分开！

也可以用多个字符作为分解标记。例如，可以使用 'Toby,'作为分解标记，这

会得到下面的列表：
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Suppose you want to put these names in a list, with each item being one name. You need to 
split this string wherever there’s a comma. The Python method for doing this is called 
split(), and it works like this:

You tell it what character to use as the split marker, and it gives you back a list, which is the 
original string broken up into parts. If we printed the output from this example, the one big 
string of names would be split up into individual items in a list:

You can have more than one character as the split marker. For instance, you could use 
'Toby,' as the split marker, 
and you’d get the following list:

This time, the string got split into two parts: all the stuff on one side of 'Toby,' and all the 
stuff on the other side of 'Toby,'. Notice that 'Toby,' doesn’t appear in the list, because the 
split marker gets thrown away.

There’s one other thing to know. If you don’t give Python any split marker, it’ll split the 
string at any whitespace:

>>> print names
['Sam','Brad','Alex','Cameron','Toby','Gwen','Jenn','Connor']

>>> for name in names:
        print name

Sam
Brad
Alex
Cameron
Toby
Gwen
Jenn
Connor
>>>

names = name_string.split(',')

Please not me...
don’t split me!

>>> parts = name_string.split('Toby,')
>>> print parts
['Sam,Brad,Alex,Cameron', 'Gwen,Jenn,Connor']

>>> for part in parts:
      print part

Sam,Brad,Alex,Cameron
Gwen,Jenn,Connor

names = name_string.split()

这一次，字符串会分解为两部分：'Toby,'左侧的所有内容，以及 'Toby,'右

侧的所有内容。注意 'Toby,'并没有出现在列表中，因为分解标记会被丢掉。

还有一点要知道。如果没有为 Python 指定任何分解标记，它会按空白符（whit- 
espace）分解字符串： >>> names = name_string.split()

空白符表示所有空格、制表符或换行符。

联接字符串

我们刚才了解了如何把一个字符串分解为较小的部分。那么怎样把两个或多

个字符串联接起来构成一个较长的字符串呢？（在第 2 章中）我们已经了解到，可

以使用 + 操作符把字符串联接起来。这就像把两个字符串相加，只不过这称为拼接

（concatenating）。
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联接字符串还有一种方法。可以使用 join()函数。你要指出你希望把哪些字符

串联接起来，另外希望在联接的各部分之间插入什么字符（如果有的话）。这实际上

与 split()正相反。下面是交互模式中完成的一个例子：
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Whitespace means any spaces, tab characters, or newlines.

Joining strings
We just saw how to split a string into smaller pieces. How about joining two or more strings 
to make one larger string? We already saw, way back in chapter 2, that you can join strings 
together using the  + operator. It’s like adding two strings together, except that it’s called 
concatenating. 

There’s another way to join strings together. You can use the join()function. You tell it 
what strings you want to join together and what characters (if any) you want inserted 
between the parts when they are joined. It’s basically the opposite of split(). Here’s an 
example in interactive mode:

I admit that this looks a little odd. The characters that will go between each piece of the 
joined string go in front of the join(). In this case, we wanted a space between each word, 
so we used ' '.join(). That’s different from what most people expect, but that’s just how 
Python’s join() method works. 

The following example 
makes me sound like a dog:

To put it another way, the string in front of join() is used as the glue to hold the other 
strings together. 

Searching for strings
Suppose you want to make a program for your mom that takes recipes and displays them in 
a GUI. You want to put the ingredients in one place and the instructions in another. Let’s 
imagine that the recipe 
looks something like this:

>>> word_list = ['My', 'name', 'is', 'Warren']
>>> long_string = ' '.join(word_list)
>>> long_string
'My name is Warren'

>>> long_string = ' WOOF WOOF '.join(word_list)
>>> long_string
'My WOOF WOOF name WOOF WOOF is WOOF WOOF Warren' 

Chocolate Cake
Ingredients:
2 eggs
1/2 cup flour
1 tsp baking soda
1 lb chocolate

Instructions:
Preheat oven to 350F
Mix all ingredients together
Bake for 30 minutes

我得承认这看起来有些怪异。要联接的各个字符串之间可以插入字符，而且这

个字符居然放在 join()前面。在这里，我们希望每个词之间有一个空格，所以使用

了 ''.join()。大多数人可能都没有想到会是这样，不过 Python 的 join()方法确

实要这样使用。

下面这个例子会让人觉得我是只小狗：
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Whitespace means any spaces, tab characters, or newlines.

Joining strings
We just saw how to split a string into smaller pieces. How about joining two or more strings 
to make one larger string? We already saw, way back in chapter 2, that you can join strings 
together using the  + operator. It’s like adding two strings together, except that it’s called 
concatenating. 

There’s another way to join strings together. You can use the join()function. You tell it 
what strings you want to join together and what characters (if any) you want inserted 
between the parts when they are joined. It’s basically the opposite of split(). Here’s an 
example in interactive mode:

I admit that this looks a little odd. The characters that will go between each piece of the 
joined string go in front of the join(). In this case, we wanted a space between each word, 
so we used ' '.join(). That’s different from what most people expect, but that’s just how 
Python’s join() method works. 

The following example 
makes me sound like a dog:

To put it another way, the string in front of join() is used as the glue to hold the other 
strings together. 

Searching for strings
Suppose you want to make a program for your mom that takes recipes and displays them in 
a GUI. You want to put the ingredients in one place and the instructions in another. Let’s 
imagine that the recipe 
looks something like this:

>>> word_list = ['My', 'name', 'is', 'Warren']
>>> long_string = ' '.join(word_list)
>>> long_string
'My name is Warren'

>>> long_string = ' WOOF WOOF '.join(word_list)
>>> long_string
'My WOOF WOOF name WOOF WOOF is WOOF WOOF Warren' 

Chocolate Cake
Ingredients:
2 eggs
1/2 cup flour
1 tsp baking soda
1 lb chocolate

Instructions:
Preheat oven to 350F
Mix all ingredients together
Bake for 30 minutes

换句话说，join()前面的字符串可以用作粘合剂，把其他字符串联接在一起。

搜索字符串

假设你想为妈妈创建一个程序，获

取食谱并在 GUI 中显示。你想在一个位

置显示配料，在另一个位置显示做法。

假设食谱是这样的。

假设食谱中的各行都被放在一个列

表中，每一行在列表中都是单独的元素。

怎么找到“Instructions”（做法）部分

呢？ Python 提供了两种有用的方法。

startswith()方法可以指出一个字

符串是否以某个字符或某几个字符开头。

举个例子最能说明问题。在交互模式中

试试右面的例子。
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Whitespace means any spaces, tab characters, or newlines.

Joining strings
We just saw how to split a string into smaller pieces. How about joining two or more strings 
to make one larger string? We already saw, way back in chapter 2, that you can join strings 
together using the  + operator. It’s like adding two strings together, except that it’s called 
concatenating. 

There’s another way to join strings together. You can use the join()function. You tell it 
what strings you want to join together and what characters (if any) you want inserted 
between the parts when they are joined. It’s basically the opposite of split(). Here’s an 
example in interactive mode:

I admit that this looks a little odd. The characters that will go between each piece of the 
joined string go in front of the join(). In this case, we wanted a space between each word, 
so we used ' '.join(). That’s different from what most people expect, but that’s just how 
Python’s join() method works. 

The following example 
makes me sound like a dog:

To put it another way, the string in front of join() is used as the glue to hold the other 
strings together. 

Searching for strings
Suppose you want to make a program for your mom that takes recipes and displays them in 
a GUI. You want to put the ingredients in one place and the instructions in another. Let’s 
imagine that the recipe 
looks something like this:

>>> word_list = ['My', 'name', 'is', 'Warren']
>>> long_string = ' '.join(word_list)
>>> long_string
'My name is Warren'

>>> long_string = ' WOOF WOOF '.join(word_list)
>>> long_string
'My WOOF WOOF name WOOF WOOF is WOOF WOOF Warren' 

Chocolate Cake
Ingredients:
2 eggs
1/2 cup flour
1 tsp baking soda
1 lb chocolate

Instructions:
Preheat oven to 350F
Mix all ingredients together
Bake for 30 minutes
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Assume that the lines of the recipe are in a list, and that each line is a separate item in the 
list. How would you find the “Instructions” section? Python has a couple of methods that 
would help you.

The startswith() method tells you whether a string starts with a certain character or 
characters. An example is the easiest way 
to show this. Try this in interactive mode:

The name “Frankenstein” starts with the letter 
“F,” so the first one was True. The name 
“Frankenstein” starts with the letters “Frank,” so 
the second one was True. The name 
“Frankenstein” does not start with “Flop,” so 
that one was False.

Because the startswith() method returns a 
True or False value, you can use it in compari-
sons or if statements, like this:

There’s a similar method called endswith() 
that does just what you’d expect:

Now, to get back to the problem at hand . . . If you wanted to find the start of the “Instruc-
tions” section of the recipe, 
you could do something like this:

>>> name = "Frankenstein"
>>> name.startswith('F')
True
>>> name.startswith("Frank")
True
>>> name.startswith("Flop")
False
>>>

>>> if name.startswith("Frank"):
        print "Can I call you Frank?"

>>> name = "Frankenstein"
>>> name.endswith('n')
True
>>> name.endswith('stein')
True
>>> name.endswith('stone')
False

i = 0
while not lines[i].startswith("Instructions"):
    i = i + 1

Can I call 
you Frank?
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名字 Frankenstein 确实以字母 F 开头，所

以第一个结果是 True。名字 Frankenstein 确实

以 Frank 开头，所以第二个结果也是 True。不

过，名字 Frankenstein 不是以 Flop 开头，所以

这一个结果是 False。

因为 startswith()方法返回一个 True或

False值，所以可以在比较或 if语句中使用这

个方法，比如可以这样：
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Assume that the lines of the recipe are in a list, and that each line is a separate item in the 
list. How would you find the “Instructions” section? Python has a couple of methods that 
would help you.

The startswith() method tells you whether a string starts with a certain character or 
characters. An example is the easiest way 
to show this. Try this in interactive mode:

The name “Frankenstein” starts with the letter 
“F,” so the first one was True. The name 
“Frankenstein” starts with the letters “Frank,” so 
the second one was True. The name 
“Frankenstein” does not start with “Flop,” so 
that one was False.

Because the startswith() method returns a 
True or False value, you can use it in compari-
sons or if statements, like this:

There’s a similar method called endswith() 
that does just what you’d expect:

Now, to get back to the problem at hand . . . If you wanted to find the start of the “Instruc-
tions” section of the recipe, 
you could do something like this:

>>> name = "Frankenstein"
>>> name.startswith('F')
True
>>> name.startswith("Frank")
True
>>> name.startswith("Flop")
False
>>>

>>> if name.startswith("Frank"):
        print "Can I call you Frank?"

>>> name = "Frankenstein"
>>> name.endswith('n')
True
>>> name.endswith('stein')
True
>>> name.endswith('stone')
False

i = 0
while not lines[i].startswith("Instructions"):
    i = i + 1

Can I call 
you Frank?

还有一个类似的方法，名为 endswith()，

从这个方法名你应该可以想到它会做什么。
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Assume that the lines of the recipe are in a list, and that each line is a separate item in the 
list. How would you find the “Instructions” section? Python has a couple of methods that 
would help you.

The startswith() method tells you whether a string starts with a certain character or 
characters. An example is the easiest way 
to show this. Try this in interactive mode:

The name “Frankenstein” starts with the letter 
“F,” so the first one was True. The name 
“Frankenstein” starts with the letters “Frank,” so 
the second one was True. The name 
“Frankenstein” does not start with “Flop,” so 
that one was False.

Because the startswith() method returns a 
True or False value, you can use it in compari-
sons or if statements, like this:

There’s a similar method called endswith() 
that does just what you’d expect:

Now, to get back to the problem at hand . . . If you wanted to find the start of the “Instruc-
tions” section of the recipe, 
you could do something like this:

>>> name = "Frankenstein"
>>> name.startswith('F')
True
>>> name.startswith("Frank")
True
>>> name.startswith("Flop")
False
>>>

>>> if name.startswith("Frank"):
        print "Can I call you Frank?"

>>> name = "Frankenstein"
>>> name.endswith('n')
True
>>> name.endswith('stein')
True
>>> name.endswith('stone')
False

i = 0
while not lines[i].startswith("Instructions"):
    i = i + 1

Can I call 
you Frank?

现在，回到我们的问题……如果想找到食谱的“Instructions”部分从哪里开始，

可以这样做：
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Assume that the lines of the recipe are in a list, and that each line is a separate item in the 
list. How would you find the “Instructions” section? Python has a couple of methods that 
would help you.

The startswith() method tells you whether a string starts with a certain character or 
characters. An example is the easiest way 
to show this. Try this in interactive mode:

The name “Frankenstein” starts with the letter 
“F,” so the first one was True. The name 
“Frankenstein” starts with the letters “Frank,” so 
the second one was True. The name 
“Frankenstein” does not start with “Flop,” so 
that one was False.

Because the startswith() method returns a 
True or False value, you can use it in compari-
sons or if statements, like this:

There’s a similar method called endswith() 
that does just what you’d expect:

Now, to get back to the problem at hand . . . If you wanted to find the start of the “Instruc-
tions” section of the recipe, 
you could do something like this:

>>> name = "Frankenstein"
>>> name.startswith('F')
True
>>> name.startswith("Frank")
True
>>> name.startswith("Flop")
False
>>>

>>> if name.startswith("Frank"):
        print "Can I call you Frank?"

>>> name = "Frankenstein"
>>> name.endswith('n')
True
>>> name.endswith('stein')
True
>>> name.endswith('stone')
False

i = 0
while not lines[i].startswith("Instructions"):
    i = i + 1

Can I call 
you Frank?

这个代码会一直循环，直到找到以“Instructions”开头的一行。应该记得，

lines[i]表示 i是 lines的索引。所以要从 lines[0]（第 1 行）开始，然后是

lines[1]（第 2 行），依此类推。while循环结束时，i会等于“Instructions”开头

的那一行的索引，这正是你要找的位置。

在字符串中搜索：in和 index()

startswith()和 endswith()方法可以很好地查找位于字符串开头和末尾位置

的内容。不过如果想在一个字符串中间找某个内容呢？

下面假设你有一些包含街道地址的字符串，如下：
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This code will keep looping until it finds a line that starts with “Instructions.” Remember 
that lines[i] means that i is the index for lines. So you’d start with lines[0] (the first 
line), then lines[1] (the second line), and so on. When the while loop finishes, i will be 
equal to the index of the line that starts with “Instructions,” which is the one you’re 
looking for.

Searching anywhere in a string: in and index()

The startswith() and endswith() methods work really well for finding things at the start 
or end of a string. But what if you want to find something in the middle of a string? 

Let’s say you had a bunch of 
strings that had street addresses, like this:

Maybe you want to find all the addresses with “Maple” in them. None of them start or end 
with “Maple,” but two of them contain the word “Maple.” How would you find them?

Actually, we already saw how to do this. When we were talking about lists (back in chapter 
12), we saw that you could check 
whether an item is in a list by doing this:

We used the keyword in to check whether a certain item was in the list. The in keyword 
also works for strings. A string is basically a list of characters, 
so you can do this:

The in keyword just tells you whether the substring is somewhere in the string you’re check-
ing. It doesn’t tell you where it is. For that, you need the index() method. Like with lists, 
index() tells you where in the bigger string the smaller string starts. 
Here’s an example:

657 Maple Lane
47 Birch Street
95 Maple Drive

if someItem in my_list:
    print "Found it!"

>>> addr1 = '657 Maple Lane'
>>> if 'Maple' in addr1:
        print "That address has 'Maple' in it." 

When you’re looking for a smaller 
string, like “Maple”, within a bigger 
string, like “657 Maple Lane”, the 
smaller string is called a substring.

>>> addr1 = '657 Maple Lane'
>>> if 'Maple' in addr1:
        position = addr1.index('Maple')
        print "found 'Maple' at index", position

也许你想找出所有包含 Maple 的地址。这里所有字符串都不是以 Maple 开头或

结尾的，但是其中有两个确实包含有单词 Maple。怎么找到它们呢？

可以叫你 
Frank 吗？
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实际上，我们已经知道怎么做了。前面讨论列表时（第 12 章），曾经见过可以

用这种方法来检查某个元素是否在一个列表中：
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This code will keep looping until it finds a line that starts with “Instructions.” Remember 
that lines[i] means that i is the index for lines. So you’d start with lines[0] (the first 
line), then lines[1] (the second line), and so on. When the while loop finishes, i will be 
equal to the index of the line that starts with “Instructions,” which is the one you’re 
looking for.

Searching anywhere in a string: in and index()

The startswith() and endswith() methods work really well for finding things at the start 
or end of a string. But what if you want to find something in the middle of a string? 

Let’s say you had a bunch of 
strings that had street addresses, like this:

Maybe you want to find all the addresses with “Maple” in them. None of them start or end 
with “Maple,” but two of them contain the word “Maple.” How would you find them?

Actually, we already saw how to do this. When we were talking about lists (back in chapter 
12), we saw that you could check 
whether an item is in a list by doing this:

We used the keyword in to check whether a certain item was in the list. The in keyword 
also works for strings. A string is basically a list of characters, 
so you can do this:

The in keyword just tells you whether the substring is somewhere in the string you’re check-
ing. It doesn’t tell you where it is. For that, you need the index() method. Like with lists, 
index() tells you where in the bigger string the smaller string starts. 
Here’s an example:

657 Maple Lane
47 Birch Street
95 Maple Drive

if someItem in my_list:
    print "Found it!"

>>> addr1 = '657 Maple Lane'
>>> if 'Maple' in addr1:
        print "That address has 'Maple' in it." 

When you’re looking for a smaller 
string, like “Maple”, within a bigger 
string, like “657 Maple Lane”, the 
smaller string is called a substring.

>>> addr1 = '657 Maple Lane'
>>> if 'Maple' in addr1:
        position = addr1.index('Maple')
        print "found 'Maple' at index", position

这里使用了关键字 in来检查某个元素是否在列表中。关键字 in也同样适用于

字符串。实际上字符串就是一个字符列表， 
所以可以这样做：
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This code will keep looping until it finds a line that starts with “Instructions.” Remember 
that lines[i] means that i is the index for lines. So you’d start with lines[0] (the first 
line), then lines[1] (the second line), and so on. When the while loop finishes, i will be 
equal to the index of the line that starts with “Instructions,” which is the one you’re 
looking for.

Searching anywhere in a string: in and index()

The startswith() and endswith() methods work really well for finding things at the start 
or end of a string. But what if you want to find something in the middle of a string? 

Let’s say you had a bunch of 
strings that had street addresses, like this:

Maybe you want to find all the addresses with “Maple” in them. None of them start or end 
with “Maple,” but two of them contain the word “Maple.” How would you find them?

Actually, we already saw how to do this. When we were talking about lists (back in chapter 
12), we saw that you could check 
whether an item is in a list by doing this:

We used the keyword in to check whether a certain item was in the list. The in keyword 
also works for strings. A string is basically a list of characters, 
so you can do this:

The in keyword just tells you whether the substring is somewhere in the string you’re check-
ing. It doesn’t tell you where it is. For that, you need the index() method. Like with lists, 
index() tells you where in the bigger string the smaller string starts. 
Here’s an example:

657 Maple Lane
47 Birch Street
95 Maple Drive

if someItem in my_list:
    print "Found it!"

>>> addr1 = '657 Maple Lane'
>>> if 'Maple' in addr1:
        print "That address has 'Maple' in it." 

When you’re looking for a smaller 
string, like “Maple”, within a bigger 
string, like “657 Maple Lane”, the 
smaller string is called a substring.

>>> addr1 = '657 Maple Lane'
>>> if 'Maple' in addr1:
        position = addr1.index('Maple')
        print "found 'Maple' at index", position

术语箱
在较大的字符串（如 657 Maple Lane）中查

找较小的字符串（如 Maple）时，较小的这个字符

串称为子串（substring）。

in关键字只能指出子串是不是位于你检查的字符串中的某个位置，但没有告诉

你它到底在什么位置。要得到这个位置，需要使用 index()方法。类似于搜索列表，

index()会指出较小

串从较大字符串中的

哪个位置开始。右面

是一个例子。

如果运行这个代码，会得到右面的输出：
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Hi, Warren San!

If you run this code, you’ll get the following output:

The word “Maple” starts at position 4 of the string “657 Maple Lane”. Just like with lists, the 
indexes (or positions) of letters within a string start at 0, so the “M” is at index 4. 

Notice that, before we tried using index(), we first checked to see if the substring “Maple” 
was in the bigger string. That’s because, if you use index() and the thing you’re looking for 
is not in the string, you’ll get an error. Checking with in first ensures you won’t get an error. 
This is the same thing we did with lists in chapter 12.

Removing part of a string

Quite often you’ll want to remove or strip off part of a string. Usually, you’ll want to strip 
something off the end, like a newline character or some extra spaces. Python has a string 
method called strip() to do exactly this. You 
just tell it what you want stripped off, like this:

In this case, we stripped the “de” off the end of 
my name. If there were no “de” at the end, nothing 

would be stripped off:

If you don’t tell strip() what to strip off, it’ll strip off any whitespace. Like we said before, 
that includes spaces, tabs, and newlines. So if we had extra spaces to get rid of, we could 
do this:

Notice that the extra spaces after my name were removed. The good thing is that you don’t 
need to tell strip() how many spaces to remove. It’ll remove all whitespace at the end of 
the string. 

found 'Maple' at index 4

6 5 7 M a p l e L a n e
0 1 2 3 4 5 6 7 8 9 10 11 12 13

>>> name = 'Warren Sande'
>>> short_name = name.strip('de')
>>> short_name
'Warren San'

>>> name = 'Bart Simpson'
>>> short_name = name.strip('de')
>>> short_name
'Bart Simpson'

>>> name = "Warren Sande     " 
>>> short_name = name.strip()
>>> short_name
'Warren Sande'

See the extra spaces 
at the end of my name

单词 Maple 从字符串 657 Maple Lane 的位置 4 开始。与列表一样，字符串中字

母的索引（或位置）都是从 0 开始，所以 M 位于索引 4。

6 5 7 M a p l e L a n e
0 1 2 3 4 5 6 7 8 9 10 11 12 13

注意，使用 index()之前，我们首先用 in查看子串 Maple 是不是确实在较大

的字符串中。这是因为，如果使用了 index()，而你查找的内容不在字符串中，就

会得到一条错误消息。先用 in检查可以杜绝这样的错误。在第 12 章中我们对列表

也是这样做的。

删除字符串的一部分

你可能常常希望删除或剥除字符串的某一部分。通常，你希望剥除末尾部分，
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This code will keep looping until it finds a line that starts with “Instructions.” Remember 
that lines[i] means that i is the index for lines. So you’d start with lines[0] (the first 
line), then lines[1] (the second line), and so on. When the while loop finishes, i will be 
equal to the index of the line that starts with “Instructions,” which is the one you’re 
looking for.

Searching anywhere in a string: in and index()

The startswith() and endswith() methods work really well for finding things at the start 
or end of a string. But what if you want to find something in the middle of a string? 

Let’s say you had a bunch of 
strings that had street addresses, like this:

Maybe you want to find all the addresses with “Maple” in them. None of them start or end 
with “Maple,” but two of them contain the word “Maple.” How would you find them?

Actually, we already saw how to do this. When we were talking about lists (back in chapter 
12), we saw that you could check 
whether an item is in a list by doing this:

We used the keyword in to check whether a certain item was in the list. The in keyword 
also works for strings. A string is basically a list of characters, 
so you can do this:

The in keyword just tells you whether the substring is somewhere in the string you’re check-
ing. It doesn’t tell you where it is. For that, you need the index() method. Like with lists, 
index() tells you where in the bigger string the smaller string starts. 
Here’s an example:

657 Maple Lane
47 Birch Street
95 Maple Drive

if someItem in my_list:
    print "Found it!"

>>> addr1 = '657 Maple Lane'
>>> if 'Maple' in addr1:
        print "That address has 'Maple' in it." 

When you’re looking for a smaller 
string, like “Maple”, within a bigger 
string, like “657 Maple Lane”, the 
smaller string is called a substring.

>>> addr1 = '657 Maple Lane'
>>> if 'Maple' in addr1:
        position = addr1.index('Maple')
        print "found 'Maple' at index", position
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如换行符或一些多余的空格。Python 提供了一个字符串方法 strip()，完全可以做

到这一点。只需要告诉它你想剥除哪一部分，如下：
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Hi, Warren San!

If you run this code, you’ll get the following output:

The word “Maple” starts at position 4 of the string “657 Maple Lane”. Just like with lists, the 
indexes (or positions) of letters within a string start at 0, so the “M” is at index 4. 

Notice that, before we tried using index(), we first checked to see if the substring “Maple” 
was in the bigger string. That’s because, if you use index() and the thing you’re looking for 
is not in the string, you’ll get an error. Checking with in first ensures you won’t get an error. 
This is the same thing we did with lists in chapter 12.

Removing part of a string

Quite often you’ll want to remove or strip off part of a string. Usually, you’ll want to strip 
something off the end, like a newline character or some extra spaces. Python has a string 
method called strip() to do exactly this. You 
just tell it what you want stripped off, like this:

In this case, we stripped the “de” off the end of 
my name. If there were no “de” at the end, nothing 

would be stripped off:

If you don’t tell strip() what to strip off, it’ll strip off any whitespace. Like we said before, 
that includes spaces, tabs, and newlines. So if we had extra spaces to get rid of, we could 
do this:

Notice that the extra spaces after my name were removed. The good thing is that you don’t 
need to tell strip() how many spaces to remove. It’ll remove all whitespace at the end of 
the string. 

found 'Maple' at index 4

6 5 7 M a p l e L a n e
0 1 2 3 4 5 6 7 8 9 10 11 12 13

>>> name = 'Warren Sande'
>>> short_name = name.strip('de')
>>> short_name
'Warren San'

>>> name = 'Bart Simpson'
>>> short_name = name.strip('de')
>>> short_name
'Bart Simpson'

>>> name = "Warren Sande     " 
>>> short_name = name.strip()
>>> short_name
'Warren Sande'

See the extra spaces 
at the end of my name

在这里剥除了我名字末尾的 de。如果末尾根本没有 de，那么什么也不会剥除：
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Hi, Warren San!

If you run this code, you’ll get the following output:

The word “Maple” starts at position 4 of the string “657 Maple Lane”. Just like with lists, the 
indexes (or positions) of letters within a string start at 0, so the “M” is at index 4. 

Notice that, before we tried using index(), we first checked to see if the substring “Maple” 
was in the bigger string. That’s because, if you use index() and the thing you’re looking for 
is not in the string, you’ll get an error. Checking with in first ensures you won’t get an error. 
This is the same thing we did with lists in chapter 12.

Removing part of a string

Quite often you’ll want to remove or strip off part of a string. Usually, you’ll want to strip 
something off the end, like a newline character or some extra spaces. Python has a string 
method called strip() to do exactly this. You 
just tell it what you want stripped off, like this:

In this case, we stripped the “de” off the end of 
my name. If there were no “de” at the end, nothing 

would be stripped off:

If you don’t tell strip() what to strip off, it’ll strip off any whitespace. Like we said before, 
that includes spaces, tabs, and newlines. So if we had extra spaces to get rid of, we could 
do this:

Notice that the extra spaces after my name were removed. The good thing is that you don’t 
need to tell strip() how many spaces to remove. It’ll remove all whitespace at the end of 
the string. 

found 'Maple' at index 4

6 5 7 M a p l e L a n e
0 1 2 3 4 5 6 7 8 9 10 11 12 13

>>> name = 'Warren Sande'
>>> short_name = name.strip('de')
>>> short_name
'Warren San'

>>> name = 'Bart Simpson'
>>> short_name = name.strip('de')
>>> short_name
'Bart Simpson'

>>> name = "Warren Sande     " 
>>> short_name = name.strip()
>>> short_name
'Warren Sande'

See the extra spaces 
at the end of my name

如果没有告诉 strip()要剥除哪一部分，它就会去除所有空白符。前面说过，这

包括空格、制表符和换行符。所以，如果想要去除一些多余的空格，就可以这样做：
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Hi, Warren San!

If you run this code, you’ll get the following output:

The word “Maple” starts at position 4 of the string “657 Maple Lane”. Just like with lists, the 
indexes (or positions) of letters within a string start at 0, so the “M” is at index 4. 

Notice that, before we tried using index(), we first checked to see if the substring “Maple” 
was in the bigger string. That’s because, if you use index() and the thing you’re looking for 
is not in the string, you’ll get an error. Checking with in first ensures you won’t get an error. 
This is the same thing we did with lists in chapter 12.

Removing part of a string

Quite often you’ll want to remove or strip off part of a string. Usually, you’ll want to strip 
something off the end, like a newline character or some extra spaces. Python has a string 
method called strip() to do exactly this. You 
just tell it what you want stripped off, like this:

In this case, we stripped the “de” off the end of 
my name. If there were no “de” at the end, nothing 

would be stripped off:

If you don’t tell strip() what to strip off, it’ll strip off any whitespace. Like we said before, 
that includes spaces, tabs, and newlines. So if we had extra spaces to get rid of, we could 
do this:

Notice that the extra spaces after my name were removed. The good thing is that you don’t 
need to tell strip() how many spaces to remove. It’ll remove all whitespace at the end of 
the string. 

found 'Maple' at index 4

6 5 7 M a p l e L a n e
0 1 2 3 4 5 6 7 8 9 10 11 12 13

>>> name = 'Warren Sande'
>>> short_name = name.strip('de')
>>> short_name
'Warren San'

>>> name = 'Bart Simpson'
>>> short_name = name.strip('de')
>>> short_name
'Bart Simpson'

>>> name = "Warren Sande     " 
>>> short_name = name.strip()
>>> short_name
'Warren Sande'

See the extra spaces 
at the end of my name

注意我名字末 
尾的多余空格

注意我名字后面多余的空格都已经删除。这里有一点很好：你不需要告诉

strip()要删除多少个空格，它会删除字符串末尾的所有空白符。

改变大小写

我还要告诉你两种字符串方法。可以使用这两种方法把字符串从大写转换为小

写，或者反过来，从小写转换为大写。有时你可能希望比较两个字符串，比如 Hello
和 hello，你想知道它们包含的字母是不是相同（尽管大小写可能不完全一样）。一种

办法是让两个字符串中的所有字母都变成小写，然后完成比较。

Python 为此提供了一个字符串

方法，名为 lower()。可以在交互模

式中试试下面的命令：

还有一个类似的方法，名为

upper()：

可以为原来的字符串建立全小写（或全大写）的副本，然后比较这两个副本，

看看它们是否相同（忽略大小写）。
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Changing case

There are two more string methods I want to show you. They are for changing the case of a 
string from uppercase to lowercase or vice versa. Sometimes you want to compare two 
strings like “Hello” and “hello”, and you want to know if they have the same letters, even if 
the case is not the same. One way to do this is to make all the letters in both strings lower-
case, and then do the comparison.  

Python has a string method for that. It is 
called lower(). Try this in interactive mode:

There is a similar method called upper():

You can make all-lowercase (or all-uppercase) copies of your original strings and then com-
pare the copies to check if they are the same, ignoring case.

What did you learn?

In this chapter, you learned

� how to adjust vertical spacing (adding or deleting newlines).
� how to set horizontal spacing with tabs.
� how to display different number formats using format strings.
� how to split strings with split() and join them with join().
� how to search strings with startswith(), endswith(), in , and index().
� how to remove things from the end of strings with strip().
� how to make strings all uppercase or all lowercase with upper() and lower().

Test your knowledge
1 If you have two separate print statements, like this,

how would you make everything print on the same line?

2 How can you add extra blank lines when printing something?

3 What special printing code do you use to line things up in columns?

4 What format string do you use to force a number to print in E-notation?

>>> string1 = "Hello"
>>> string2 = string1.lower()
>>> print string2 
hello

>>>string3 = string1.upper()
>>> print string3
HELLO

print "What is"
print "your name?"
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Changing case

There are two more string methods I want to show you. They are for changing the case of a 
string from uppercase to lowercase or vice versa. Sometimes you want to compare two 
strings like “Hello” and “hello”, and you want to know if they have the same letters, even if 
the case is not the same. One way to do this is to make all the letters in both strings lower-
case, and then do the comparison.  

Python has a string method for that. It is 
called lower(). Try this in interactive mode:

There is a similar method called upper():

You can make all-lowercase (or all-uppercase) copies of your original strings and then com-
pare the copies to check if they are the same, ignoring case.

What did you learn?

In this chapter, you learned

how to adjust vertical spacing (adding or deleting newlines).

how to set horizontal spacing with tabs.
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how to split strings with split() and join them with join().

how to search strings with startswith(), endswith(), in , and index().

how to remove things from the end of strings with strip().

how to make strings all uppercase or all lowercase with upper() and lower().

Test your knowledge
1 If you have two separate print statements, like this,

how would you make everything print on the same line?

2 How can you add extra blank lines when printing something?

3 What special printing code do you use to line things up in columns?

4 What format string do you use to force a number to print in E-notation?

>>> string1 = "Hello"
>>> string2 = string1.lower()
>>> print string2 
hello

>>> string3 = string1.upper()
>>> print string3
HELLO

print "What is"
print "your name?"
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Changing case

There are two more string methods I want to show you. They are for changing the case of a 
string from uppercase to lowercase or vice versa. Sometimes you want to compare two 
strings like “Hello” and “hello”, and you want to know if they have the same letters, even if 
the case is not the same. One way to do this is to make all the letters in both strings lower-
case, and then do the comparison.  

Python has a string method for that. It is 
called lower(). Try this in interactive mode:

There is a similar method called upper():

You can make all-lowercase (or all-uppercase) copies of your original strings and then com-
pare the copies to check if they are the same, ignoring case.

What did you learn?

In this chapter, you learned

� how to adjust vertical spacing (adding or deleting newlines).
� how to set horizontal spacing with tabs.
� how to display different number formats using format strings.
� how to split strings with split() and join them with join().
� how to search strings with startswith(), endswith(), in , and index().
� how to remove things from the end of strings with strip().
� how to make strings all uppercase or all lowercase with upper() and lower().

Test your knowledge
1 If you have two separate print statements, like this,

how would you make everything print on the same line?

2 How can you add extra blank lines when printing something?

3 What special printing code do you use to line things up in columns?

4 What format string do you use to force a number to print in E-notation?

>>> string1 = "Hello"
>>> string2 = string1.lower()
>>> print string2 
hello

>>>string3 = string1.upper()
>>> print string3
HELLO

print "What is"
print "your name?"
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你学到了什么

在这一章，你学到了以下内容。

如何调整垂直间隔（添加或删除换行符）。��

如何用制表符设置水平间隔。��

如果使用格式字符串显示不同的数字格式。��

使用格式字符串的两种方法：�� %符号和 format()方法。

如何用�� split()分解字符串和用 join()联接字符串。

如何使用�� startswith()、endswith()、in和 index()。

如何用�� strip()去除字符串末尾的部分。

如何用�� upper()和 lower()将字符串转换为全大写或全小写。

测试题

1. 如果有两个单独的 print语句，如下：
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Changing case

There are two more string methods I want to show you. They are for changing the case of a 
string from uppercase to lowercase or vice versa. Sometimes you want to compare two 
strings like “Hello” and “hello”, and you want to know if they have the same letters, even if 
the case is not the same. One way to do this is to make all the letters in both strings lower-
case, and then do the comparison.  

Python has a string method for that. It is 
called lower(). Try this in interactive mode:

There is a similar method called upper():

You can make all-lowercase (or all-uppercase) copies of your original strings and then com-
pare the copies to check if they are the same, ignoring case.

What did you learn?

In this chapter, you learned

� how to adjust vertical spacing (adding or deleting newlines).
� how to set horizontal spacing with tabs.
� how to display different number formats using format strings.
� how to split strings with split() and join them with join().
� how to search strings with startswith(), endswith(), in , and index().
� how to remove things from the end of strings with strip().
� how to make strings all uppercase or all lowercase with upper() and lower().

Test your knowledge
1 If you have two separate print statements, like this,

how would you make everything print on the same line?

2 How can you add extra blank lines when printing something?

3 What special printing code do you use to line things up in columns?

4 What format string do you use to force a number to print in E-notation?

>>> string1 = "Hello"
>>> string2 = string1.lower()
>>> print string2 
hello

>>>string3 = string1.upper()
>>> print string3
HELLO

print "What is"
print "your name?"

 怎样把所有内容都打印在同一行上？

2. 打印时如何增加额外的空行？

3. 实现按列对齐时要使用哪一个特殊打印代码？

4. 使用哪个格式字符串强制按 E 记法打印一个数？

动手试一试

1.  编写一个程序，询问一个人的姓名、年龄和最喜欢的颜色，然后打印在一句

话里。运行这个程序时应该看到类似这样的结果：
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Try it out
1 Write a program that asks for a person’s name, age, and favorite color, and then prints 

it out in one sentence. A run of the program should look like this:

2 Remember our times-table program from chapter 8 (listing 8.5)? Write an improved 
version that uses tabs to make sure everything lines up nicely in columns.

3 Write a program that calculates all the fractions of 8 (for example, 1/8, 2/8, 3/8, . . . up 
to 8/8) and displays them with exactly three decimal places.

>>> ======================== RESTART ========================
>>>
What is your name? Sam
How old are you? 12
What is your favorite color? green
Your name is Sam you are 12 years old and you like green
>>>

2.  还记得第 8 章中的乘法表程序（代码清单 8-5）吗？现在编写这个程序的一个

改进版本，使用制表符确保所有内容都能很好地按列对齐。

3.  编写一个程序计算 8 的所有分数（例如， 1/8, 2/8, 3/8……直到 8/8），要显示 3
位小数。
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第 22 章

文件输入与输出

你是不是很想知道，你喜欢的计算机游戏为什么能记住高分，甚至计算机关机

之后还能记得？你的浏览器又怎么能记住你喜欢的网站呢？这一章我们就来学习这

是怎么做到的。

前面已经说过多次，程序包括 3 个主要方面：输入、处理和输出。到目前为止，

输入主要直接来自用户，也就是从键盘和鼠标输入；输出都直接发送到屏幕。（如果

是声音就会发送到扬声器。）不过，有时我们还需要使用其他来源的输入。通常程序

需要使用存储在某个地方的输入，而不是在程序运行时才由用户输入。有些程序需

要从计算机硬盘上的文件得到输入。

例如，如果建立一个 Hangman 游戏，你的程序需要一个单词表，可以从中选择

秘密词。这个单词表必须存储在某个地方，可能是随程序提供的“单词表”文件。

程序要打开这个文件，读取单词表，并选择一个词在程序中使用。

输出也一样。有时需要把程序的输出存储起来。程序使用的所有变量都是临时

的，也就是说，程序一旦停止运行，这些变量就会丢失。如果想保存某些信息以便

以后使用，就必须把它们存储在可以永久保存的地方，比如说存储在硬盘中。例如，

如果想维护某个游戏的高分表，要把这些高分存储在一个文件中，这样下次程序运

行时，就可以读取这个文件并显示这些分数。

在本章，我们将了解如何打开文件以及如何读写文件（从文件获取信息和在文

件中存储信息）。

22.1　什么是文件

在讨论打开和读写文件之前，我们先来看看什么是文件。

前面说过，计算机按二进制格式存储信息，二进制只使用 1 和 0。每个 1 或 0 称
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为一位（bit），8 位一组称为一个字节（byte）。文件是有名字的字节集合，存储在硬

盘、CD、DVD、软盘、flash 盘或其他存储介质上。

文件可以存储很多不同类型的信息。一个文件可以包含文本、图片、音乐、计

算机程序、电话号码表等内容。计算机硬盘上的所有内容都以文件的形式存储。程

序就是由一个或多个文件构成的。你的计算机的操作系统（比如 Windows、Mac OS 
X 或 Linux）需要很多很多文件才能运行起来。

文件有以下属性：

名字��

类型，表明文件中包含什么类型的数据（图片、音乐、文本）��

位置（文件存储在哪里）��

大小（文件中有多少字节）��

22.2　文件名

大多数操作系统中（包括 Windows），文件名中有一部分用来指示文件中包含什

么类型的数据。文件名中通常至少有一个点（.），点后面的部分指出了文件的类型。

这一部分称为扩展名（extension）。

来看下面这几个例子。

my_letter.txt 中的扩展名是 .txt，代表“文本”，所以这个文件可能包含文本。��

在 my_song.mp3 中，扩展名是 .mp3，这是一种声音文件。��

在 my_program.exe 中，扩展名是 .exe，这代表“可执行文件”。在第 1 章我��

曾经提到过，“执行”就是指运行一个程序，这只是“运行程序”的另一种说

法。所以 .exe 文件往往是可以运行的程序。

在 my_cool_game.py 中，扩展名是 .py，通常表示一个 Python 程序。��

Mac OS X 中，程序文件（文件中包含一个可以运行的程序）扩展名

是 .app，代表“应用”，这是“程序”的另一种说法。

有一点很重要，你可以根据自己的喜好给文件命名，还可以使用任何扩展名。

例如，你可以建立一个文本文件（例如，在记事本程序 Notepad 中建立），但命名为

my_notes.mp3。这并没有把它变成一个声音文件，这个文件中仍然只包含文本，所以

这实际上是一个文本文件。你只是给了它一个特别的文件扩展名，让它看上去像是

一个声音文件，这可能会让人莫名其妙，也会把计算机搞得稀里糊涂。给文件命名

时，最好使用一个与文件类型一致的扩展名。
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22.3　文件位置

到目前为止，我们一直在处理与程序存储在相同位置上的文件。我们没有考虑

如何查找文件，因为它与程序在同一个地方。

这就像你在自己的房间里时，你不

用担心找不到你的壁橱，它就在房间里。

但是如果你在另一个房间、另一幢房子

或者在另一个城市里，要找到壁橱就复

杂多了！

每个文件都要存储在某个地方，所

术语箱
位于其他文件夹中的文件夹称为子文件夹（subfolder）。如果使用术语“目录”来描

述，可以把它们称为子目录（subdirectory）。

构或目录结构。

在 Windows 中，每个存储介质由一个字母表示，

如 C 代表硬盘，E 对应一个闪存盘。在 Mac OS X 和

Linux 上，每个存储介质都有一个名字（例如，hda 或

FLASH DRIVE）。每个存储单元可以划分为多个文件

夹，如 Music、Pictures 和 Programs。如果查看文件浏

览器（如 Windows Explorer），就像右图这样：

文件夹中还可以有其他文件夹，这些文件夹本身又

可以包含另外的文件夹，依此类推。右边这个例子包含

了 3 层文件夹：

第一层是 Music，下一层包含 New Music 和 Old 
Music，再下一层包含 Kind of old music 和 Really old 
music。

在 Windows Explorer（或其他文件浏览器）中查找文件或文件夹时，文件夹就

像一棵树的分支。“根”是驱动器本身，如 C: 或 E:。每个主文件夹就像树干，各个

主文件夹中的文件夹则像小树枝，依此类推。

以除了文件名外，每个文件还有自己的位置。硬盘和其他存储介质都组织为文件夹

或目录。文件夹（folder）和目录（directorie）表示的是同一样东西，只是名字不同

而已。它们是一种组织文件的方法。文件夹或目录组织和关联的方式称为文件夹结
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不过，从程序访问文件时，这种树型想法就不适用了。

你的程序不能点击文件夹，不能通过浏览整棵树来查找

某个文件，它需要一种更直接的方法来查找文件。好

在还有另外一种方法可以表示树结构。点击不同文件夹

和子文件夹时，如果你查看 Windows Explorer 的地址

栏，你会看到这样的地址：

这称为路径（path），描述了文件在文件夹结构中的位置。

这个特定的路径表达的意思如下：

(1) 从 E: 盘开始；

(2) 进入名为 Music 的文件夹；

(3) 在 Music 文件夹中，进入一个名为 Old Music 的子文件夹；

(4) 在 Old Music 子文件夹中，进入下一层一个名为 Really old music 的子文件夹；

(5) 在 Really old music 子文件夹中，有一个名为 my_song.mp3 的文件。

可以使用类似这样的路径找到计算机上的任何文件。程序就是利用这种方法来

查找和打开文件的。下面是一个例子：

使用文件的完全路径名总能找到文件。完全路径名包含从根（驱动器，如 C:）
开始这个路径上的所有文件夹名。这个例子中的文件名就是一个完全路径名。

斜线还是反斜线

斜线（\ 和 /）一定要正确使用，这很重要。Windows 在路径名中可以接受斜线 (/) 也

可以接受反斜线（\），不过如果在 Python 程序中使用类似 c:\test_results.txt的路

径，\t部分会带来问题。还记得吗？在第 21 章中，我们谈到过一些用于打印格式化的特

殊字符，如 \t 表示制表符。正是因为这个原因，所以应当避免在文件路径中出现 \ 字符。

Python（和 Windows）会把 \t看作是一个制表符，而不是像你预想的那样把它当作文件

名的一部分。所以应当使用 /。

另一种选择是使用双反斜线，如下：
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Sometimes you don’t need the whole file path. The next section talks about finding a file if 
you’re already partway down the path.

Finding where you are

Most operating systems (including Windows) have the idea of a “working directory,” 
sometimes called the “current working directory.” This is the directory in the folder tree 
you’re currently working in.

Imagine that you started at the root (c:), and you moved down the Program Files branch to 
the HelloWorld branch. Your current location or current directory would be c:/Program Files/
HelloWorld.

Now, to get to the file called beachball.png, you have to go down the examples branch. 
So your path to get there would be /examples/beachball.png. Because you were already 
partway down the right path, you only needed the rest of the path to get where you 
wanted to go.

Slash or backslash?
It’s important that the slashes (\ and /) go the right way. Windows will accept either a forward 
slash (/) or a backslash (\) in pathnames, but if you use something like c:\test_results.txt 
in a Python program, the \t part will cause a problem. Remember, in chapter 21, we talked 
about special characters for print formatting, like \t for tab? That’s why you should avoid the 
\ character in file paths. Python (and Windows) will treat \t as a tab character instead of part of 
your filename as you intended. Use / instead. 

The other option is to use double backslashes, like this:

Remember that, if you want to print a \ character, you have to put another one in front of it. It 
works the same way in filenames. But I recommend you use / instead.

image_file  "c:\\program files\\HelloWorld\\images\\beachball.png"  

记住，如果希望打印一个 \ 符号，必须在它前面再放一个反斜线。在文件名中也是

如此。不过我还是推荐使用 /。
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The first level is Music. The next level has New 
Music and Old Music, and the next level has 
Kind of old music and Really old music.  

When you’re trying to find a file or folder in Windows 
Explorer (or some other file browser), the folders are like 
branches of a tree. The “root” is the drive itself, like C: or E:. 
Each main folder is like a main branch of the tree. The folders 
within each main folder are like smaller branches, and so on. 

But when you need to access files from within a program, the tree idea doesn’t quite work. 
Your program can’t click on folders and browse around the tree to find individual files. It 
needs a more direct way to find the file. Fortunately, there’s another way to represent
 the tree structure. If you look in the address bar of Windows Explorer when you click 
on different folders and subfolders, you’ll see something that looks 
like this:

That’s called the path. The path is a description of where the file is in the folder structure. 
This particular path reads like this:

1 Start at the e: drive.

2 Go into the folder called Music.

3 In the Music folder, go into a subfolder called Old Music.

4 In the Old Music subfolder, go into a subfolder called Really old music.

5 In the Really old music subfolder, there’s a file called my_song.mp3.

You can get to any file on your computer using a path like this. That’s the way programs find 
and open files. Here’s an example:

You can always get to a file using its full pathname. That’s the name including all the folder 
names right down the tree to the root (the drive, like c:). The name in this example is a full 
pathname. 

image_file = "c:/program files/HelloWorld/examples/beachball.png"

The folders within other folders 
are called subfolders. If you’re 
using the term “directories,” 
you’d call them subdirectories.

e:\Music\Old Music\Really old music\my_song.mp3

E:\Music\Old Music\Really old music\my_song.mp3

图灵社区会员 FreeLink 专享 尊重版权



22.3　文件位置　　303

有时并不需要完整的文件路径。下一节将讨论如何在“半路上”查找一个文件。

看看你在哪里

大多数操作系统（包括 Windows）都有一个“工作目录”概念，有时也称为

“当前工作目录”，这是文件夹树中你目前所在的目录。

假设从根（C:）开始，沿着 Program Files 分支向下移到 Hello World 分支。你的

当前位置或当前目录就是 C:/Program Files/Hello World。

现在要找到文件 beachball.png，必须沿 Examples 分支向下。所以达到这个文件

的路径就是 /Examples/beachball.png。由于你已经在这条路上走了一段，所以只需要

走完剩下的一段就能到达你想去的地方。

还记得吗？在第 19 章讲到关于声音的内容时，我们打开声音文件使用的是

splat.wav 之类的文件名，并没有使用路径。这是因为，那时我告诉你要把声音文件

复制到保存程序的同一个文件夹中。如果在 Windows Explorer 中查看，就是这样：

注意，我把 Python 文件（扩展名为 .py）与声音文件（扩展名为 .wav）放在同

一个文件夹中。运行 Python 程序时，它的工作目录就是存储 .py 文件的文件夹。
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如果把程序存储在 e:/programs 并运行，这个程序就会把 e:/programs 作为它的工

作目录开始运行。如果有一个声音文件存储在同一个文件夹中，那么程序只需要它

的文件名就可以打开这个声音文件。并不需要一个路径来找到这个文件，因为文件

已经在当前位置上了，所以可以直接这样写：
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Remember, in chapter 19 on sound, we opened our sound files as splat.wav, and so on? We 
didn’t use a path. That’s because I told you to copy the sound files to the same folder where 
you saved the program. If you looked at it in Windows Explorer, it would look something 
like this: 

Notice that I have Python files (with the .py extension) in the same folder as sound files 
(with the .wav extension). When a Python program is running, its working directory is what-
ever folder the .py file is stored in.

If you stored your program in e:/programs and ran the program, that program would start 
with e:/programs as its working directory. If you have a sound file stored in the same folder, 
your program only needs the filename to use that file. It doesn’t need a path to get 
there, because it’s already 
there. So you can just do this:

Notice that we don’t need to use the full pathname of the sound file (which would be 
e:/programs/splat.wav). We just use the filename without the path, because the file is 
in the same folder as the program that’s using it.

Enough about paths!

That’s all I’m going to say about paths and file locations. The whole topic of folders and 
directories, paths, working directories, and so on, is one that some people find confusing, 
and it would take a lot of pages to fully explain it. But this book is about programming, not 
about operating systems, file locations, or paths, so if you’re having trouble with this, 
maybe you can ask a parent, teacher, or someone else who knows about computers to 
help you.

All the other examples in this book that use files read and write files that are in the 
same place as the program, so we don’t have to worry about the path or about using 
full pathnames.

my_sound = pygame.mixer.Sound("splat.wav")

注意，我们不需要使用声音文件的完全路径名（它的完全路径名是 e:/programs/
splat.wav）。这里直接使用了文件名而没有带路径，因为这个文件与使用该文件的程

序在同一个文件夹中。

关于路径已经讲得够多了

路径和文件位置就讲到这里。关于文件夹和目录、路径、工作目录等的话题让

有的人感觉很迷糊，需要大量篇幅才能解释清楚。不过本书讨论的是编程，而不是

操作系统、文件位置或路径，所以如果你在这个方面遇到困难，可以让你的爸爸妈

妈、老师或者懂计算机的人来帮你。

本书中所有其他使用文件的例子都将文件放在与程序相同的位置，所以我们不

必担心路径或使用完整路径名的问题。

22.4　打开文件

打开文件之前，需要知道你要对文件做些什么：

如果你要使用这个文件作为输入（只查看文件中有什么，而不做任何改变），��

就是要打开文件完成读；

如果要创建一个全新的文件或者用某个全新的文件替换现有的文件，就是要��

打开文件完成写；

如果要为一个现有文件增加内容，就是要打开文件完成追加。（记得在第 12��

章我们曾经说过追加就表示做出补充吧。）

打开一个文件时，要在 Python 中建立一个文件对象。（看到了吧，我说过

Python 中的很多东西都是对象。）建立文件对象要使用 open()函数，并提供文件名，

就像这样：
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Opening a file
Before you open a file, you need to know what you’ll be doing with the file: 

� If you’ll be using the file as input (looking at what’s in the file without changing it), 
you’ll open the file for reading. 

� If you’ll be creating a brand new file or replacing an existing file with something brand 
new, you’ll open the file for writing.

� If you’ll be adding to an existing file, you’ll open the file for appending. (Remember 
from chapter 12 that append means to add to something.)

When you open a file, you make a file object in Python. (See, I told you that many things in 
Python are objects.) You make the file object by using the open() function with the name of 
the file, like this:

The filename is a string, so it needs quotes around it. The 'r' part means we’re opening the 
file for reading. We’ll learn more about that in the next section.

It’s important to understand the difference between the file object and the filename. The file 
object is what we’ll use inside the program to access the file. The filename is what Windows 
(and Linux and Mac OS X) calls the file on the disk. 

We do the same thing with people. We have different names that we use in different 
places. If your teacher’s name is Fred Weasley, you probably call him Mr. Weasley. His 
friends probably call him Fred, and his computer username might be fweasley. With files, 
there’s a name that’s used by the operating system to store the file on disk (the filename), 
and there’s a name your program uses when working with the file (the file object). 

The two names—the name of the object and the name of the file—don’t have to be the 
same. You can call the object whatever you want. For example, if we have a text file with 
some notes in it that’s 
called notes.txt, we could do this:

or we could do this:

Once we have opened the file and created the file object, we don’t need the filename any 
more. We do everything in the program using the file object.

my_file = open('my_filename.txt','r')

notes = open('notes.txt', 'r')

File object Filename

some_crazy_stuff = open("notes.txt", 'r')

File object Filename

文件名是一个字符串（string），所以两边需要加引号。'r'部分表示我们要打开

这个文件来完成读。下一节还会学习更多相关内容。

一定要了解文件对象和文件名之间的区别，这很重要。我们在程序中要用文件对

象来访问文件，而文件名是 Windows（以及 Linux 和 Mac OS X）对磁盘上的文件的

称呼（即文件的名字）。
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人也一样。我们在不同场合会使用不同的名字。如果你的老师名叫 Fred 
Weasley，你会叫他 Weasley 老师。他的朋友可能叫他 Fred，而他的计算机用户名可

能是 fweasley。对于文件，会有一个由操作系统使用的名字，操作系统要用这个名字

把文件存储在磁盘上（文件名），另外还有一个由程序使用的名字，程序处理文件时

要使用这个名字（文件对象）。

这两个名字（也就是对象名和文件名）不一定要完全相同。可以把对象命名为

你想使用的任何名字。例如，如果有一个包含一些说明的文本文件，名为 notes.txt，
可以这样做：
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Opening a file
Before you open a file, you need to know what you’ll be doing with the file: 

� If you’ll be using the file as input (looking at what’s in the file without changing it), 
you’ll open the file for reading. 

� If you’ll be creating a brand new file or replacing an existing file with something brand 
new, you’ll open the file for writing.

� If you’ll be adding to an existing file, you’ll open the file for appending. (Remember 
from chapter 12 that append means to add to something.)

When you open a file, you make a file object in Python. (See, I told you that many things in 
Python are objects.) You make the file object by using the open() function with the name of 
the file, like this:

The filename is a string, so it needs quotes around it. The 'r' part means we’re opening the 
file for reading. We’ll learn more about that in the next section.

It’s important to understand the difference between the file object and the filename. The file 
object is what we’ll use inside the program to access the file. The filename is what Windows 
(and Linux and Mac OS X) calls the file on the disk. 

We do the same thing with people. We have different names that we use in different 
places. If your teacher’s name is Fred Weasley, you probably call him Mr. Weasley. His 
friends probably call him Fred, and his computer username might be fweasley. With files, 
there’s a name that’s used by the operating system to store the file on disk (the filename), 
and there’s a name your program uses when working with the file (the file object). 

The two names—the name of the object and the name of the file—don’t have to be the 
same. You can call the object whatever you want. For example, if we have a text file with 
some notes in it that’s 
called notes.txt, we could do this:

or we could do this:

Once we have opened the file and created the file object, we don’t need the filename any 
more. We do everything in the program using the file object.

my_file = open('my_filename.txt','r')

notes = open('notes.txt', 'r')

File object Filename

some_crazy_stuff = open("notes.txt", 'r')

File object Filename

也可以这样做：
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Opening a file
Before you open a file, you need to know what you’ll be doing with the file: 

� If you’ll be using the file as input (looking at what’s in the file without changing it), 
you’ll open the file for reading. 

� If you’ll be creating a brand new file or replacing an existing file with something brand 
new, you’ll open the file for writing.

� If you’ll be adding to an existing file, you’ll open the file for appending. (Remember 
from chapter 12 that append means to add to something.)

When you open a file, you make a file object in Python. (See, I told you that many things in 
Python are objects.) You make the file object by using the open() function with the name of 
the file, like this:

The filename is a string, so it needs quotes around it. The 'r' part means we’re opening the 
file for reading. We’ll learn more about that in the next section.

It’s important to understand the difference between the file object and the filename. The file 
object is what we’ll use inside the program to access the file. The filename is what Windows 
(and Linux and Mac OS X) calls the file on the disk. 

We do the same thing with people. We have different names that we use in different 
places. If your teacher’s name is Fred Weasley, you probably call him Mr. Weasley. His 
friends probably call him Fred, and his computer username might be fweasley. With files, 
there’s a name that’s used by the operating system to store the file on disk (the filename), 
and there’s a name your program uses when working with the file (the file object). 

The two names—the name of the object and the name of the file—don’t have to be the 
same. You can call the object whatever you want. For example, if we have a text file with 
some notes in it that’s 
called notes.txt, we could do this:

or we could do this:

Once we have opened the file and created the file object, we don’t need the filename any 
more. We do everything in the program using the file object.

my_file = open('my_filename.txt','r')

notes = open('notes.txt', 'r')

File object Filename

some_crazy_stuff = open("notes.txt", 'r')

File object Filename

一旦打开文件并创建文件对象，就不再需要文件名了。我们在程序中将使用文

件对象来完成所有工作。

22.5　读文件

上一节提到，可以使用 open()函数打开文件并创建文件对象。这是 Python 的

内置功能之一。要打开文件来完成读，需要使用 'r'作为第二个参数，如下：
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Reading a file
As I mentioned in the last section, we open a file and create a file object using the open() 
function. This is one of Python’s built-in functions. To open the file for reading, you use 'r' 
as the second argument, like this:

If you try to open a file for reading that does not exist, you’ll get an error. (After all, you can’t 
read something that’s not there, right?)

Python has a couple more built-in functions for getting information from the file into our 
program once the file is open. To read lines of text from a file, you can use the readlines() 
method, like this:

This will read the whole file and make a list, with one line of text in each item of the list. 
Let’s say the notes.txt file contained a 
short list of things you need to do today:

We could have used a program like Notepad to create this file. In fact, why don’t you make a 
file like this using Notepad (or your favorite text editor) right now? Call it notes.txt and save 
it in the same place you save your Python programs. Then close Notepad. 

If we open this file with a short Python program and read it, the code might look like 
listing 22.1.

my_file = open('notes.txt', 'r')
lines = my_file.readlines()
print lines

The output would be like this (depending on what you put in 
the file):

The lines of text were read from the file and they were put into a list, which we called lines. 
Each item in the list is a string containing one line from the file. Notice the \n part at the 
end of the first two lines. These are the newline characters that separate the lines in the file. 
That’s where we pressed Enter when we were creating the file. If you pressed Enter after 
typing in the last line, there will be a third \n after the third item.

Listing 22.1 Opening and reading from a file

my_file = open('notes.txt', 'r')

lines = my_file.readlines()

Wash the car
Make my bed
Collect allowance

>>>======================= RESTART =========================
>>>
['Wash the car\n', 'Make my bed\n', 'Collect allowance']
>>>

如果想打开一个文件完成读，但是这个文件根本不存在，你就会得到一条错误

消息。（毕竟，你无法读一个原本没有的东西，对不对？）

Python 还提供了另外一些内置功能，一旦文件打开可以将信息从文件获取到你

的程序中。要从一个文件读取文本行，可以使用 readlines()方法，如下：
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Reading a file
As I mentioned in the last section, we open a file and create a file object using the open() 
function. This is one of Python’s built-in functions. To open the file for reading, you use 'r' 
as the second argument, like this:

If you try to open a file for reading that does not exist, you’ll get an error. (After all, you can’t 
read something that’s not there, right?)

Python has a couple more built-in functions for getting information from the file into our 
program once the file is open. To read lines of text from a file, you can use the readlines() 
method, like this:

This will read the whole file and make a list, with one line of text in each item of the list. 
Let’s say the notes.txt file contained a 
short list of things you need to do today:

We could have used a program like Notepad to create this file. In fact, why don’t you make a 
file like this using Notepad (or your favorite text editor) right now? Call it notes.txt and save 
it in the same place you save your Python programs. Then close Notepad. 

If we open this file with a short Python program and read it, the code might look like 
listing 22.1.

my_file = open('notes.txt', 'r')
lines = my_file.readlines()
print lines

The output would be like this (depending on what you put in 
the file):

The lines of text were read from the file and they were put into a list, which we called lines. 
Each item in the list is a string containing one line from the file. Notice the \n part at the 
end of the first two lines. These are the newline characters that separate the lines in the file. 
That’s where we pressed Enter when we were creating the file. If you pressed Enter after 
typing in the last line, there will be a third \n after the third item.

Listing 22.1 Opening and reading from a file

my_file = open('notes.txt', 'r')

lines = my_file.readlines()

Wash the car
Make my bed
Collect allowance

>>>======================= RESTART =========================
>>>
['Wash the car\n', 'Make my bed\n', 'Collect allowance']
>>>

这会读取整个文件，并建立一个列表，每个文本行作为列表中的一项。下面假

设 notes.txt 文件包含一个小列表，上面写的都是你每天要做的事情：
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Reading a file
As I mentioned in the last section, we open a file and create a file object using the open() 
function. This is one of Python’s built-in functions. To open the file for reading, you use 'r' 
as the second argument, like this:

If you try to open a file for reading that does not exist, you’ll get an error. (After all, you can’t 
read something that’s not there, right?)

Python has a couple more built-in functions for getting information from the file into our 
program once the file is open. To read lines of text from a file, you can use the readlines() 
method, like this:

This will read the whole file and make a list, with one line of text in each item of the list. 
Let’s say the notes.txt file contained a 
short list of things you need to do today:

We could have used a program like Notepad to create this file. In fact, why don’t you make a 
file like this using Notepad (or your favorite text editor) right now? Call it notes.txt and save 
it in the same place you save your Python programs. Then close Notepad. 

If we open this file with a short Python program and read it, the code might look like 
listing 22.1.

my_file = open('notes.txt', 'r')
lines = my_file.readlines()
print lines

The output would be like this (depending on what you put in 
the file):

The lines of text were read from the file and they were put into a list, which we called lines. 
Each item in the list is a string containing one line from the file. Notice the \n part at the 
end of the first two lines. These are the newline characters that separate the lines in the file. 
That’s where we pressed Enter when we were creating the file. If you pressed Enter after 
typing in the last line, there will be a third \n after the third item.

Listing 22.1 Opening and reading from a file

my_file = open('notes.txt', 'r')

lines = my_file.readlines()

Wash the car
Make my bed
Collect allowance

>>>======================= RESTART =========================
>>>
['Wash the car\n', 'Make my bed\n', 'Collect allowance']
>>>

我们可以使用“记事本”（Notepad）之类的程序来创建这个文件。其实，你可

以现在就动手，使用记事本（或者你喜欢的文本编辑器）来建立这样的文件。可以

文件对象

文件对象 文件名

文件名
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把它命名为 notes.txt，保存在 Python 程序所在的位置，然后关闭记事本。

如果用一个小 Python 程序打开并读取这个文件，代码可能如代码清单 22-1 所示。

代码清单 22-1　打开和读文件
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Reading a file
As I mentioned in the last section, we open a file and create a file object using the open() 
function. This is one of Python’s built-in functions. To open the file for reading, you use 'r' 
as the second argument, like this:

If you try to open a file for reading that does not exist, you’ll get an error. (After all, you can’t 
read something that’s not there, right?)

Python has a couple more built-in functions for getting information from the file into our 
program once the file is open. To read lines of text from a file, you can use the readlines() 
method, like this:

This will read the whole file and make a list, with one line of text in each item of the list. 
Let’s say the notes.txt file contained a 
short list of things you need to do today:

We could have used a program like Notepad to create this file. In fact, why don’t you make a 
file like this using Notepad (or your favorite text editor) right now? Call it notes.txt and save 
it in the same place you save your Python programs. Then close Notepad. 

If we open this file with a short Python program and read it, the code might look like 
listing 22.1.

my_file = open('notes.txt', 'r')
lines = my_file.readlines()
print lines

The output would be like this (depending on what you put in 
the file):

The lines of text were read from the file and they were put into a list, which we called lines. 
Each item in the list is a string containing one line from the file. Notice the \n part at the 
end of the first two lines. These are the newline characters that separate the lines in the file. 
That’s where we pressed Enter when we were creating the file. If you pressed Enter after 
typing in the last line, there will be a third \n after the third item.

Listing 22.1 Opening and reading from a file

my_file = open('notes.txt', 'r')

lines = my_file.readlines()

Wash the car
Make my bed
Collect allowance

>>>======================= RESTART =========================
>>>
['Wash the car\n', 'Make my bed\n', 'Collect allowance']
>>>

输出可能是这样的（取决于你在文件中放入的内容）：
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Reading a file
As I mentioned in the last section, we open a file and create a file object using the open() 
function. This is one of Python’s built-in functions. To open the file for reading, you use 'r' 
as the second argument, like this:

If you try to open a file for reading that does not exist, you’ll get an error. (After all, you can’t 
read something that’s not there, right?)

Python has a couple more built-in functions for getting information from the file into our 
program once the file is open. To read lines of text from a file, you can use the readlines() 
method, like this:

This will read the whole file and make a list, with one line of text in each item of the list. 
Let’s say the notes.txt file contained a 
short list of things you need to do today:

We could have used a program like Notepad to create this file. In fact, why don’t you make a 
file like this using Notepad (or your favorite text editor) right now? Call it notes.txt and save 
it in the same place you save your Python programs. Then close Notepad. 

If we open this file with a short Python program and read it, the code might look like 
listing 22.1.

my_file = open('notes.txt', 'r')
lines = my_file.readlines()
print lines

The output would be like this (depending on what you put in 
the file):

The lines of text were read from the file and they were put into a list, which we called lines. 
Each item in the list is a string containing one line from the file. Notice the \n part at the 
end of the first two lines. These are the newline characters that separate the lines in the file. 
That’s where we pressed Enter when we were creating the file. If you pressed Enter after 
typing in the last line, there will be a third \n after the third item.

Listing 22.1 Opening and reading from a file

my_file = open('notes.txt', 'r')

lines = my_file.readlines()

Wash the car
Make my bed
Collect allowance

>>>======================= RESTART =========================
>>>
['Wash the car\n', 'Make my bed\n', 'Collect allowance']
>>>

这里从文件读取了文本行，并放入一个名为 lines的列表中。这个列表中的每

一项都是一个字符串，包含从文件读取的一行，注意前两行末尾的 \n部分。这些是

分隔文件中各行的换行符。我们创建文件时在这里按下了回车键。如果键入最后一

行后按了回车键，那么在第三项后面也会有一个 \n。

代码清单 22-1 的程序中还要增加一点。处理完文件时，一定要关闭文件：

298 Hello World!

Why? Why not 
leave it open so 
we can access 

it later?

There’s one more thing we need to add to the program in listing 22.1. When we’re 
done with the file, we should close it:

                     Well, Carter, if another program needs to use the file
             and our program hasn’t closed it, the other program 
       might not be able to access the file. It’s generally a good 
       idea to close files when you’re done using them.

Once the file is in our program as a list of strings, we can do 
whatever we want with it. This list is just like any other Python 

list, so we can loop through it, sort it, append items, delete items, and so on. The strings are 
like any other strings, so we can print them, convert them to int or float (if they contain 
numbers), use them as labels in a GUI, or do anything else that you’d do with a string.

Reading one line at a time

The readlines() method reads all the lines of a file, right up until the end of the file. 
If you want to read just one line at a time, you can use the readline() method, 
like this:

This will read just the first line of the file. If you use readline() again in the same program, 
Python remembers where it was. So the second time you use it, you’ll get the second line of 
the file. Listing 22.2 shows an example of this.

my_file = open('notes.txt', 'r')
first_line = my_file.readline()
second_line = my_file.readline()
print "first line = ", first_line
print "second line = ", second_line
my_file.close()

The output of that 
program would look like this:

Listing 22.2 Using readline() more than once

my_file.close()

first_line = my_file.readline()

>>>================== RESTART ====================
>>>
first line =  Wash the car

second line =  Make my bed

>>>

为什么？为什
么不能让它一
直打开以便以
后访问呢？

嗯，卡特，倘若另一个程序需

要使用这个文件，而我们的程序又

还没有将它关闭，那个程序就无法

访问这个文件了。使用完文件后　

　　　　就关闭它，这样通常会比较好。

一旦把文件读取为程序中的一个字符串列

表，接下来就可以任意处理它了。这个列表与

其他 Python 列表是一样的，所以可以循环处

理、排序、追加元素、删除元素等等。这些字

符串也像其他字符串一样，可以打印、转换为 int或 float

（如果包含数字的话）、用作 GUI 中的标签，或者完成能够

对字符串做的其他处理。

一次读取一行

readlines()方法会读取文件的所有行，直到文件末尾。如果你想一次只读取

一行，可以使用 readline()方法，如下：

298 Hello World!

Why? Why not 
leave it open so 
we can access 

it later?

There’s one more thing we need to add to the program in listing 22.1. When we’re 
done with the file, we should close it:

                     Well, Carter, if another program needs to use the file
             and our program hasn’t closed it, the other program 
       might not be able to access the file. It’s generally a good 
       idea to close files when you’re done using them.

Once the file is in our program as a list of strings, we can do 
whatever we want with it. This list is just like any other Python 

list, so we can loop through it, sort it, append items, delete items, and so on. The strings are 
like any other strings, so we can print them, convert them to int or float (if they contain 
numbers), use them as labels in a GUI, or do anything else that you’d do with a string.

Reading one line at a time

The readlines() method reads all the lines of a file, right up until the end of the file. 
If you want to read just one line at a time, you can use the readline() method, 
like this:

This will read just the first line of the file. If you use readline() again in the same program, 
Python remembers where it was. So the second time you use it, you’ll get the second line of 
the file. Listing 22.2 shows an example of this.

my_file = open('notes.txt', 'r')
first_line = my_file.readline()
second_line = my_file.readline()
print "first line = ", first_line
print "second line = ", second_line
my_file.close()

The output of that 
program would look like this:

Listing 22.2 Using readline() more than once

my_file.close()

first_line = my_file.readline()

>>>================== RESTART ====================
>>>
first line =  Wash the car

second line =  Make my bed

>>>
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这只会读文件的第一行。如果再在同一个程序中使用 readline()，Python 会记

住目前在什么位置。所以，第二次使用时，你会得到文件的第二行。代码清单 22-2 显

示了这样的一个例子。

代码清单 22-2　多次使用 readline()

298 Hello World!

Why? Why not 
leave it open so 
we can access 

it later?

There’s one more thing we need to add to the program in listing 22.1. When we’re 
done with the file, we should close it:

                     Well, Carter, if another program needs to use the file
             and our program hasn’t closed it, the other program 
       might not be able to access the file. It’s generally a good 
       idea to close files when you’re done using them.

Once the file is in our program as a list of strings, we can do 
whatever we want with it. This list is just like any other Python 

list, so we can loop through it, sort it, append items, delete items, and so on. The strings are 
like any other strings, so we can print them, convert them to int or float (if they contain 
numbers), use them as labels in a GUI, or do anything else that you’d do with a string.

Reading one line at a time

The readlines() method reads all the lines of a file, right up until the end of the file. 
If you want to read just one line at a time, you can use the readline() method, 
like this:

This will read just the first line of the file. If you use readline() again in the same program, 
Python remembers where it was. So the second time you use it, you’ll get the second line of 
the file. Listing 22.2 shows an example of this.

my_file = open('notes.txt', 'r')
first_line = my_file.readline()
second_line = my_file.readline()
print "first line = ", first_line
print "second line = ", second_line
my_file.close()

The output of that 
program would look like this:

Listing 22.2 Using readline() more than once

my_file.close()

first_line = my_file.readline()

>>>================== RESTART ====================
>>>
first line =  Wash the car

second line =  Make my bed

>>>

这个程序的输出是这样的：

298 Hello World!

Why? Why not 
leave it open so 
we can access 

it later?

There’s one more thing we need to add to the program in listing 22.1. When we’re 
done with the file, we should close it:

                     Well, Carter, if another program needs to use the file
             and our program hasn’t closed it, the other program 
       might not be able to access the file. It’s generally a good 
       idea to close files when you’re done using them.

Once the file is in our program as a list of strings, we can do 
whatever we want with it. This list is just like any other Python 

list, so we can loop through it, sort it, append items, delete items, and so on. The strings are 
like any other strings, so we can print them, convert them to int or float (if they contain 
numbers), use them as labels in a GUI, or do anything else that you’d do with a string.

Reading one line at a time

The readlines() method reads all the lines of a file, right up until the end of the file. 
If you want to read just one line at a time, you can use the readline() method, 
like this:

This will read just the first line of the file. If you use readline() again in the same program, 
Python remembers where it was. So the second time you use it, you’ll get the second line of 
the file. Listing 22.2 shows an example of this.

my_file = open('notes.txt', 'r')
first_line = my_file.readline()
second_line = my_file.readline()
print "first line = ", first_line
print "second line = ", second_line
my_file.close()

The output of that 
program would look like this:

Listing 22.2 Using readline() more than once

my_file.close()

first_line = my_file.readline()

>>>================== RESTART ====================
>>>
first line =  Wash the car

second line =  Make my bed

>>>
readline()方法一次只读取一行，所以它不会把结果放入一个列表。每次使用

readline()时，都只是得到一个字符串。

回到起始位置

如果已经使用了几次 readline()，现在希望退回到文件的起始位置，可以使用

seek()方法，就像这样：
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The readline() method only reads one line at a time, so it doesn’t put the results into a list. 
Each time you use readline(), you get a single string.

Going back to the start

If you have used readline() a few times and you want to start back at the beginning of the 
file, you can use the seek() method, like this: 

The seek() method makes Python go to whatever place in the file you tell it. The number in 
brackets is the number of bytes from the start of the file. So setting it to 0 takes it right back 
to the start of the file.

Text files and binary files
All the examples of opening files and reading lines of text so far are assuming one thing: the 
file actually has text in it! Remember that text is just one of the kinds of things we can store in 
a file. Programmers lump together all other kinds of files and call them binary files.

There are two main types of files you can open:

� Text files—These have text in them, with letters, numbers, punctuation, and some 
special characters, like newlines.

� Binary files—These don’t have text in them. They might have music, pictures, or some 
kind of data, but because they don’t have text, they don’t have lines either, because 
there are no newlines. 

That means you can’t use readline() or readlines() on a binary file. If you try to read a 
“line” from a .wav file, for example, you don’t know what you’ll get. Most likely, you’ll get a 
whole bunch of gobbledygook that looks like this:

There’s something that looks like text at the start of the .wav file, but then it gets crazy. 
That’s because a .wav file doesn’t have text in it, it has sound. The readline() and 
readlines() methods are only for reading text files.

>>> f = open('splat.wav', 'r')
>>> print f.readline()
RIFFö?  WAVEfmt ?   ? ? "V  "V   datap?  ÇÇÇÇÇÇÇÇüÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇ?ÇÇ?????Ç????Ç
ÇÇÇ??ÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇ?Ç?ÇÇÇÇüÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇ?ÇÇÇÇÇüüÇÇÇ?ÇÇ?ÇÇÇÇ??ÇÇüéééÇzvvy{|Ç

âçïê}trv|äëïîèå~ut|?yrqrtxÇîÖ?æäàütvçÆÄ|mlfWR]jnmpxüêÅ 
ºƒâràó«¼Ö}`ORj?{hZZgwàëy{äæá?¿ÿézåÿèmWLISjÇàzrvÇüytv~üÇ}yrifjt}äêèêëÄöÉémSCFZ
lrtyéïö¥ñ¬½?ñ¢ÆÄìÅôòÆÄÅæ|åÜ?¬ÿüpd\UME@;99:>EJMW]YTZfuçòƒ?????????????¢ôë~{|{y
xzzuiZNGHLSbs?~wrnf\TPQU]`jvàæÉ?osÇïôæä}üàë??

first_line = my_file.readline()
second_line = my_file.readline()
my_file.seek(0)
first_line_again = my_file.readline()

seek()方法会让 Python 找到文件中你指示的位置。括号中的数字就是从文件

起始位置算起的字节数。所以如果把它设置为 0，就会回到文件的起始位置。

22.6　文本文件和二进制文件

到目前为止，打开文件和读取文本行的所有例子都有一个假设，认为文件中实

际上都包含有文本。要记住，文件能够存储任何内容，文本只是其中的一种。程序

员把所有其他类型的文件都统称为二进制文件（binary file）。

可以打开的文件主要有以下两种类型。
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文本文件：这些文件包含了文本，包括字母、数字、标点符号和一些特殊字��

符，如换行符。

二进制文件：这些文件不包含文本，它们可能包含音乐、图片或其他类型的��

数据。不过由于不包含文本，所以这些文件中也没有行，因为根本不存在换

行符。

这说明不能对二进制文件使用 readline()或 readlines()。例如，如果想要

从一个 .wav 文件读取一“行”，你根本无法知道会得到些什么。大多数情况下，你

可能会得出一大堆奇怪的东西，就像这样：

.wav 文件最前面有一些东西看起来像是文本，不过后面就很莫名其妙了。这是

因为 .wav 文件不包含文本，只包含声音。readline()和 readlines()方法只能用

于读取文本文件。

大多数情况下，如果需要使用二进制文件，就要通过 Pygame 或其他一些模块来

加载文件，就像在第 19 章中一样。

300 Hello World!

Most of the time, if you need to use a binary file, you’ll be using something like Pygame or 
some other module to load 
the file, like we did in chapter 19:

In that case, Pygame takes care of opening the file and reading the binary data (which is 
music in this example). 

This book isn’t going to cover how to process binary files. But just so you know what it looks 
like, you can open a binary file by 
adding a b to the file mode, like this:

The 'rb' part means we’re opening the file for reading in binary mode. 

In the past few sections, we have been learning how to get information from a file into 
our program, which is called reading the file. Next we’re going to learn about getting 
information out of our program into a file. This is called writing the file.

Writing to a file
If you want to store some information from your program more permanently, you could 
look at it on the screen and write it down on a piece of paper. But that kind of defeats the 
purpose of using a computer! 

A better idea is to save the information on the hard drive, so that, even when the program 
isn’t running—in fact, even when the computer is turned off—your data is still there and 
you can get it later. You have done this many, many times already. Every time you save a 
report for school, a picture, a song, or a Python program, you’re storing it to the hard drive.

pygame.mixer.music.load('bg_music.mp3')

my_music_file = open('bg_music.mp3', 'rb')

Back in my day, all we had was paper! There were no 
monitors, printers, or even keyboards. You “wrote” 
your code by punching holes into cards. Then you fed 
this stack of cards into a big machine that would 
convert the punched holes into electrical signals the 

computer could understand. Sometimes it took days to 
get an answer. Boy, was that painful!

Old computer punch card

那样就会由 Pygame 负责打开文件并读取二进制数据（在这个例子中，二进制数

据就是音乐）。

这本书不打算介绍如何处理二进制文件。不过没准你想知道二进制是什么样子，

可以为文件模式增加一个 b 来打开二进制文件，就像这样：

300 Hello World!

Most of the time, if you need to use a binary file, you’ll be using something like Pygame or 
some other module to load 
the file, like we did in chapter 19:

In that case, Pygame takes care of opening the file and reading the binary data (which is 
music in this example). 

This book isn’t going to cover how to process binary files. But just so you know what it looks 
like, you can open a binary file by 
adding a b to the file mode, like this:

The 'rb' part means we’re opening the file for reading in binary mode. 

In the past few sections, we have been learning how to get information from a file into 
our program, which is called reading the file. Next we’re going to learn about getting 
information out of our program into a file. This is called writing the file.

Writing to a file
If you want to store some information from your program more permanently, you could 
look at it on the screen and write it down on a piece of paper. But that kind of defeats the 
purpose of using a computer! 

A better idea is to save the information on the hard drive, so that, even when the program 
isn’t running—in fact, even when the computer is turned off—your data is still there and 
you can get it later. You have done this many, many times already. Every time you save a 
report for school, a picture, a song, or a Python program, you’re storing it to the hard drive.

pygame.mixer.music.load('bg_music.mp3')

my_music_file = open('bg_music.mp3', 'rb')

Back in my day, all we had was paper! There were no 
monitors, printers, or even keyboards. You “wrote” 
your code by punching holes into cards. Then you fed 
this stack of cards into a big machine that would 
convert the punched holes into electrical signals the 

computer could understand. Sometimes it took days to 
get an answer. Boy, was that painful!

Old computer punch card

这里的 'rb' 部分表示我们要打开文件并以二进制模式读取文件。

在前面几节中，我们已经了解了如何将信息从文件读入程序，这称为读文件。

接下来我们要学习如何将程序的信息放入到文件中，这称为写文件。
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22.7　写文件

如果你想更持久地存储程序的信息，可以看着屏幕，把这些信息抄写在纸上。

不过这样根本无法体现出计算机的作用！

比较好的做法是把信息保存在硬盘上，这样一来，即使程序不再运行（即计算

机已经关机），你的数据仍然能保留下来，供以后使用。其实你早已经这么做了。每

次保存学校作业、图片、歌曲或者 Python 程序时，实际上都是将它们存储到硬盘上。

从前的美好时光

在我们那个年代，只有纸！没有显示器、打印机，甚至没

有键盘。要通过在卡片上打孔来“写”代码。然后把这叠卡片

塞进一个大机器里，它会把这些打孔卡转换成计算机能够理解

的电子信号。有时需要花几天时间才能得到一个答案。唉，可

真是又费劲又麻烦！

老式计算机打孔卡

前面已经提到，在文件中添加内容有两种方法。

写�� —这表示开始新文件，或者覆盖现有的文件。

追加�� —这表示增加到现有的文件，保留原来已有的内容。

要写文件或追加文件，首先必须打开文件。像前面一样要使用 open()函数，只

不过第二个参数有所不同。

要读文件，需要使用�� 'r'作为文件模式：
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Correction! You can 
open a file for appending 
if it’s not there. It’ll just 
create a new one that’s 

blank!

As I mentioned earlier, there are two ways you can put things in a file:

� writing—This means starting a new file or overwriting an existing one.
� appending—This means adding to an existing file and keeping what’s already there.

To write or append to a file, you first have to open the file. You use the open() function, just 
like we did before, except that the second parameter will be different:

� For reading, you 
use 'r' as the  file mode:

� For writing, you 
use 'w' as the  file mode:

� For appending, you 
use 'a' as the  file mode:

If you use 'a' for append mode, the filename has to be one that already exists on the hard 
drive, or you’ll get an error. That’s because append is for adding to an existing file.

   Carter is right, again! If you use 'w' for write
    mode, there are two possibilities:

� If the file already exists, whatever is in the file will be lost 
and replaced with whatever you write there.

� If the file doesn’t exist, a new file with that name will be 
        created, and whatever you write will go into the new file.

                    Let’s look at some examples.

Appending to a file
First we’ll take the notes.txt file that we created earlier and append something to it. Let’s 
add another line that says “Spend allowance.” If you were looking closely when we did the 
readlines() example, you might have noticed that there’s no \n, no newline, at the end of 
the last line. So we need to add one, and then add our new string. To write strings to a file, 
we use the write() method, like in listing 22.3.

todo_list = open('notes.txt', 'a')
todo_list.write('\nSpend allowance')
todo_list.close()

Listing 22.3 Using append mode

my_file = open('new_notes.txt', 'r')

my_file = open('new_notes.txt', 'w')

my_file = open('notes.txt', 'a')

Closes the file

Opens the file in 
append mode

Adds our string to the end

要写文件，需要使用�� 'w'作为文件模式：
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Correction! You can 
open a file for appending 
if it’s not there. It’ll just 
create a new one that’s 

blank!

As I mentioned earlier, there are two ways you can put things in a file:

� writing—This means starting a new file or overwriting an existing one.
� appending—This means adding to an existing file and keeping what’s already there.

To write or append to a file, you first have to open the file. You use the open() function, just 
like we did before, except that the second parameter will be different:

� For reading, you 
use 'r' as the  file mode:

� For writing, you 
use 'w' as the  file mode:

� For appending, you 
use 'a' as the  file mode:

If you use 'a' for append mode, the filename has to be one that already exists on the hard 
drive, or you’ll get an error. That’s because append is for adding to an existing file.

   Carter is right, again! If you use 'w' for write
    mode, there are two possibilities:

� If the file already exists, whatever is in the file will be lost 
and replaced with whatever you write there.

� If the file doesn’t exist, a new file with that name will be 
        created, and whatever you write will go into the new file.

                    Let’s look at some examples.

Appending to a file
First we’ll take the notes.txt file that we created earlier and append something to it. Let’s 
add another line that says “Spend allowance.” If you were looking closely when we did the 
readlines() example, you might have noticed that there’s no \n, no newline, at the end of 
the last line. So we need to add one, and then add our new string. To write strings to a file, 
we use the write() method, like in listing 22.3.

todo_list = open('notes.txt', 'a')
todo_list.write('\nSpend allowance')
todo_list.close()

Listing 22.3 Using append mode

my_file = open('new_notes.txt', 'r')

my_file = open('new_notes.txt', 'w')

my_file = open('notes.txt', 'a')

Closes the file

Opens the file in 
append mode

Adds our string to the end

要追加文件，需要使用�� 'a'作为文件模式：
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Correction! You can 
open a file for appending 
if it’s not there. It’ll just 
create a new one that’s 

blank!

As I mentioned earlier, there are two ways you can put things in a file:

� writing—This means starting a new file or overwriting an existing one.
� appending—This means adding to an existing file and keeping what’s already there.

To write or append to a file, you first have to open the file. You use the open() function, just 
like we did before, except that the second parameter will be different:

� For reading, you 
use 'r' as the  file mode:

� For writing, you 
use 'w' as the  file mode:

� For appending, you 
use 'a' as the  file mode:

If you use 'a' for append mode, the filename has to be one that already exists on the hard 
drive, or you’ll get an error. That’s because append is for adding to an existing file.

   Carter is right, again! If you use 'w' for write
    mode, there are two possibilities:

� If the file already exists, whatever is in the file will be lost 
and replaced with whatever you write there.

� If the file doesn’t exist, a new file with that name will be 
        created, and whatever you write will go into the new file.

                    Let’s look at some examples.

Appending to a file
First we’ll take the notes.txt file that we created earlier and append something to it. Let’s 
add another line that says “Spend allowance.” If you were looking closely when we did the 
readlines() example, you might have noticed that there’s no \n, no newline, at the end of 
the last line. So we need to add one, and then add our new string. To write strings to a file, 
we use the write() method, like in listing 22.3.

todo_list = open('notes.txt', 'a')
todo_list.write('\nSpend allowance')
todo_list.close()

Listing 22.3 Using append mode

my_file = open('new_notes.txt', 'r')

my_file = open('new_notes.txt', 'w')

my_file = open('notes.txt', 'a')

Closes the file

Opens the file in 
append mode

Adds our string to the end
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更正！即使一个文 
件不存在，也可以打开
这个文件完成追加。创
建一个新的空白文件就

可以了呀！

如果使用 'a'表示追加模式，文件名

必须是硬盘上某个已经存在的文件的名字，

否则你会得到一条错误消息。这是因为，追
加是指增加到一个现有的文件。

卡特又说对了！如果使用 'w'表示写模式，会有两种可能：

如果文件已经存在，文件中的所有内容都会丢失，替换为��

现在写入的内容；

如果文件不存在，会创建一个同名的新文件，你写的所有��

内容会被放入这个新文件中。

下面来看一些例子。

追加到文件

首先，还是使用前面创建的 notes.txt 文件，为它追加一些内容。下面增加一行

“Spend allowance”。完成 readlines()例子时如果你仔细观察，可能已经注意到最

后一行末尾没有 \n，也就是说没有换行符。所以现在需要增加一个换行符，然后再

增加我们的新字符串。要把字符串写入文件，需要使用 write()方法，如代码清单

22-3 所示。

代码清单 22-3　使用追加模式
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Correction! You can 
open a file for appending 
if it’s not there. It’ll just 
create a new one that’s 

blank!

As I mentioned earlier, there are two ways you can put things in a file:

� writing—This means starting a new file or overwriting an existing one.
� appending—This means adding to an existing file and keeping what’s already there.

To write or append to a file, you first have to open the file. You use the open() function, just 
like we did before, except that the second parameter will be different:

� For reading, you 
use 'r' as the  file mode:

� For writing, you 
use 'w' as the  file mode:

� For appending, you 
use 'a' as the  file mode:

If you use 'a' for append mode, the filename has to be one that already exists on the hard 
drive, or you’ll get an error. That’s because append is for adding to an existing file.

   Carter is right, again! If you use 'w' for write
    mode, there are two possibilities:

� If the file already exists, whatever is in the file will be lost 
and replaced with whatever you write there.

� If the file doesn’t exist, a new file with that name will be 
        created, and whatever you write will go into the new file.

                    Let’s look at some examples.

Appending to a file
First we’ll take the notes.txt file that we created earlier and append something to it. Let’s 
add another line that says “Spend allowance.” If you were looking closely when we did the 
readlines() example, you might have noticed that there’s no \n, no newline, at the end of 
the last line. So we need to add one, and then add our new string. To write strings to a file, 
we use the write() method, like in listing 22.3.

todo_list = open('notes.txt', 'a')
todo_list.write('\nSpend allowance')
todo_list.close()

Listing 22.3 Using append mode

my_file = open('new_notes.txt', 'r')

my_file = open('new_notes.txt', 'w')

my_file = open('notes.txt', 'a')

Closes the file

Opens the file in 
append mode

Adds our string to the end

读文件时，我们说过一旦完成就应当关闭文件。这一点在写文件时更为重要，

写文件完成时一定要使用 close()。这是因为，只有使用 close()关闭文件，你所

做的修改才会真正保存到文件中。

运行代码清单 22-3 中的程序之后，用“记事本”（或者任何其他文本编辑器）

打开 notes.txt，看看里面的内容。记住，看完后一定要关闭“记事本”。

写文件

现在来看一个使用写模式来写文件的例子。我们将打开一个目前硬盘上还没有

的文件。键入代码清单 22-4 中的程序，然后运行。

以追加模式打开文件

将字符串加到最后关闭文件
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代码清单 22-4　对一个新文件使用写模式

302 Hello World!

When we were reading files, we said you should close the file when you’re done. But it’s 
even more important to use close() when you’re done writing. That’s because the changes 
don’t actually get saved to the file until you close() it.

After you run the program in listing 22.3, open notes.txt using Notepad (or any other text 
editor) and see what’s in it. Remember to close Notepad when you’re done.

Writing to a file
Now let’s try an example of writing to a file using the write mode. We’ll open a file that isn’t 
on the hard drive. Type in the program in listing 22.4 and run it.

new_file = open("my_new_notes.txt", 'w')
new_file.write("Eat supper\n")
new_file.write("Play soccer\n")
new_file.write("Go to bed")
new_file.close()

How do you know it worked? Check in the folder where you saved the program from 
listing 22.4. You should see a file there called my_new_notes.txt. 
You can open this file in Notepad to see what’s in it. You should see this:

You created a text file with this program and stored some text in it. This text is on the hard 
drive, and it’ll stay there forever—or at least as long as the hard drive keeps working—
unless you delete it. So we have a way to permanently store data from our programs. Now 
your programs can leave a permanent mark on the world (or at least on your hard drive). 
Anything you need to keep when the program stops and the computer is shut off, you can 
put in a file. 

Let’s see what happens if we use write mode on a file that’s already on the hard drive. 
Remember our file called notes.txt? If you 
ran the program in listing 22.3, it looks like this:

Let’s open this file in write mode and write to it, to see what happens. Listing 22.5 has the 
code.

the_file = open('notes.txt', 'w')
the_file.write("Wake up\n")
the_file.write("Watch cartoons")
the_file.close()

Listing 22.4 Using write mode on a new file

Listing 22.5 Using write mode on an existing file

Eat supper
Play soccer
Go to bed

Wash the car
Make my bed
Collect allowance
Spend allowance

怎么知道这个程序是否起作用呢？检查保存这个程序（代码清单 22-4）的文件

夹，应该能看到一个名为 my_new_notes.txt 的文件。可以在“记事本”中打开这个文

件，看看里面有什么。应该能看到：

302 Hello World!

When we were reading files, we said you should close the file when you’re done. But it’s 
even more important to use close() when you’re done writing. That’s because the changes 
don’t actually get saved to the file until you close() it.

After you run the program in listing 22.3, open notes.txt using Notepad (or any other text 
editor) and see what’s in it. Remember to close Notepad when you’re done.

Writing to a file
Now let’s try an example of writing to a file using the write mode. We’ll open a file that isn’t 
on the hard drive. Type in the program in listing 22.4 and run it.

new_file = open("my_new_notes.txt", 'w')
new_file.write("Eat supper\n")
new_file.write("Play soccer\n")
new_file.write("Go to bed")
new_file.close()

How do you know it worked? Check in the folder where you saved the program from 
listing 22.4. You should see a file there called my_new_notes.txt. 
You can open this file in Notepad to see what’s in it. You should see this:

You created a text file with this program and stored some text in it. This text is on the hard 
drive, and it’ll stay there forever—or at least as long as the hard drive keeps working—
unless you delete it. So we have a way to permanently store data from our programs. Now 
your programs can leave a permanent mark on the world (or at least on your hard drive). 
Anything you need to keep when the program stops and the computer is shut off, you can 
put in a file. 

Let’s see what happens if we use write mode on a file that’s already on the hard drive. 
Remember our file called notes.txt? If you 
ran the program in listing 22.3, it looks like this:

Let’s open this file in write mode and write to it, to see what happens. Listing 22.5 has the 
code.

the_file = open('notes.txt', 'w')
the_file.write("Wake up\n")
the_file.write("Watch cartoons")
the_file.close()

Listing 22.4 Using write mode on a new file

Listing 22.5 Using write mode on an existing file

Eat supper
Play soccer
Go to bed

Wash the car
Make my bed
Collect allowance
Spend allowance

你利用这个程序创建了一个文本文件，并在这个文件中存储了一些文本。这

个文件存放在硬盘上，只要硬盘没有坏，它就会一直在那里，除非你删除了它。这

样一来我们就得到了一种方法，可以持久地存储程序的数据。现在你的程序就能

在这个世界上（或者至少在你的硬盘上）留下永久的印记了。如果要在程序停止

和计算机关机时保留一些信息，都可以放在文件中。

下面来看如果对硬盘上已有的一个文件使用写模式会发生什么。还记得那个

notes.txt 文件吗？如果运行过代码清单 22-3 中的程序，这个文件现在是这样的：

302 Hello World!

When we were reading files, we said you should close the file when you’re done. But it’s 
even more important to use close() when you’re done writing. That’s because the changes 
don’t actually get saved to the file until you close() it.

After you run the program in listing 22.3, open notes.txt using Notepad (or any other text 
editor) and see what’s in it. Remember to close Notepad when you’re done.

Writing to a file
Now let’s try an example of writing to a file using the write mode. We’ll open a file that isn’t 
on the hard drive. Type in the program in listing 22.4 and run it.

new_file = open("my_new_notes.txt", 'w')
new_file.write("Eat supper\n")
new_file.write("Play soccer\n")
new_file.write("Go to bed")
new_file.close()

How do you know it worked? Check in the folder where you saved the program from 
listing 22.4. You should see a file there called my_new_notes.txt. 
You can open this file in Notepad to see what’s in it. You should see this:

You created a text file with this program and stored some text in it. This text is on the hard 
drive, and it’ll stay there forever—or at least as long as the hard drive keeps working—
unless you delete it. So we have a way to permanently store data from our programs. Now 
your programs can leave a permanent mark on the world (or at least on your hard drive). 
Anything you need to keep when the program stops and the computer is shut off, you can 
put in a file. 

Let’s see what happens if we use write mode on a file that’s already on the hard drive. 
Remember our file called notes.txt? If you 
ran the program in listing 22.3, it looks like this:

Let’s open this file in write mode and write to it, to see what happens. Listing 22.5 has the 
code.

the_file = open('notes.txt', 'w')
the_file.write("Wake up\n")
the_file.write("Watch cartoons")
the_file.close()

Listing 22.4 Using write mode on a new file

Listing 22.5 Using write mode on an existing file

Eat supper
Play soccer
Go to bed

Wash the car
Make my bed
Collect allowance
Spend allowance

下面用写模式打开这个文件，并写入内容，看看会发生什么。代码清单 22-5 给

出了相应的代码。

代码清单 22-5　对一个现有文件使用写模式
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When we were reading files, we said you should close the file when you’re done. But it’s 
even more important to use close() when you’re done writing. That’s because the changes 
don’t actually get saved to the file until you close() it.

After you run the program in listing 22.3, open notes.txt using Notepad (or any other text 
editor) and see what’s in it. Remember to close Notepad when you’re done.

Writing to a file
Now let’s try an example of writing to a file using the write mode. We’ll open a file that isn’t 
on the hard drive. Type in the program in listing 22.4 and run it.

new_file = open("my_new_notes.txt", 'w')
new_file.write("Eat supper\n")
new_file.write("Play soccer\n")
new_file.write("Go to bed")
new_file.close()

How do you know it worked? Check in the folder where you saved the program from 
listing 22.4. You should see a file there called my_new_notes.txt. 
You can open this file in Notepad to see what’s in it. You should see this:

You created a text file with this program and stored some text in it. This text is on the hard 
drive, and it’ll stay there forever—or at least as long as the hard drive keeps working—
unless you delete it. So we have a way to permanently store data from our programs. Now 
your programs can leave a permanent mark on the world (or at least on your hard drive). 
Anything you need to keep when the program stops and the computer is shut off, you can 
put in a file. 

Let’s see what happens if we use write mode on a file that’s already on the hard drive. 
Remember our file called notes.txt? If you 
ran the program in listing 22.3, it looks like this:

Let’s open this file in write mode and write to it, to see what happens. Listing 22.5 has the 
code.

the_file = open('notes.txt', 'w')
the_file.write("Wake up\n")
the_file.write("Watch cartoons")
the_file.close()

Listing 22.4 Using write mode on a new file

Listing 22.5 Using write mode on an existing file

Eat supper
Play soccer
Go to bed

Wash the car
Make my bed
Collect allowance
Spend allowance

运行这个代码，然后在“记事本”中打开 notes.txt，看看其中包含什么内容。应

该会看到：
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I’m a 
baby dill!

I’m a big 
pickle!

 And I’m a 
really big 

pickle!

 We’re being 
pickled so we can 

be used later!

Run this code, and then open notes.txt in Notepad to see what it contains. You should 
see this:

The stuff that was in notes.txt before is gone. It has been replaced by the new stuff from the 
program in listing 22.5. 

Writing to a file using print

In the last section, we wrote to a file using write(). You can also use print to write to a file. 
You still have to open the file in write or append mode, but then you can write to the file 
using print, like this:

The two > symbols (which are sometimes called chevrons) are telling print to send its 
output to a file instead of to the screen. This is called redirecting output. 

Sometimes it’s more convenient to use print than write(), because print does things like 
automatically converting numbers to strings, and so on. You can decide whether to use 
print or write() to put text into a file.

Saving your stuff in files: pickle
In the first part of this chapter, we talked about reading and writing 
text files. Text files are one way you can store things to the 
hard drive. But what if you want to store something 
like a list or an object? Sometimes the items in 
the list might be strings, but not always. And 
what about storing things like objects? You 
might be able to convert all the object’s prop-
erties to strings and write them to a text file, but 
then you’d have to do the opposite to go from the 
file back to an object. It could get complicated.

Luckily, Python has a way to make storing things 
like lists and objects easier. It’s a Python module 
called pickle. That’s kind of a funny name, but think 
about it: pickling is a way of preserving food so you 
can use it later. In Python, you “pickle” your data so 
you can save it on disk and use it later. Makes sense!

Wake up
Watch cartoons

my_file = open("new_file.txt", 'w')
print >> my_file, "Hello there, neighbor!"
my_file.close()

notes.txt 原先的内容都不见了，已经被代码清单 22-5 程序中的新内容所取代。

使用 print 写文件

上一节中，我们使用了 write()来写文件，还可以用 print写文件。仍然要以
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写模式或追加模式打开文件，不过打开文件后可以使用 print写文件，就像这样：

my_file = open("new_file.txt", 'w')

print >> my_file, "Hello there, neighbor!"

my_file.close()

这里的两个 > 符号（有时称为山形符号）告诉 print要把它的输出发送到一个

文件中而不是屏幕上。这称为重定向（redirecting）输出。

有时使用 print比 write()更方便，因为 print还会额外完成一些工作，比如

把数字自动转换为字符串等。如果要在文件中放入文本，你可以使用 print，也可

以使用 write()。

22.8　在文件中保存内容：pickle

在本章第一部分中，我们讨论了怎样读写文本文件。

在硬盘上存储信息有很多方法，文本文件只是其中的

一种。如果你想存储列表或对象之类的

内容呢？有时列表中的元素可能是字

符串，不过并不一定是这样。另外，

对象又该怎么存储呢？也许可以把

所有对象的属性都转换为字符串，再

写到一个文本文件中，但是之后你还得

把这个过程反过来，从文件恢复对象。这

就复杂化了。

幸运的是，Python 提供了一种更简

便的方法来存储列表和对象。这是一个

Python 模块，名为 pickle。这个名字很

滑稽，可以这样想：腌菜是一种储藏食物

以备以后使用的方法。在 Python 中，你要

把数据“腌起来”（pickle），使数据能够保存

在硬盘上供以后使用。这很有道理！

使用 pickle

假设有一个列表，其中包含不同类型的内容，如下：

my_list  = ['Fred', 73, 'Hello there', 81.9876e-13]

要使用 pickle，首先必须导入 pickle模块：

304 Hello World!

Pickling

Let’s say we have a list with different kinds of things in it, 
like this:

To use pickle, first you have to import the pickle module:

Then to “pickle” something, like a list, you use the dump() function. (That’s easy to 
remember if you think of dumping your pickles into the jar.) The dump() function needs 
a file object, and we know 
how to make one of those:

We open it for writing with 'w' because we’re going to be storing something in this file. You 
can pick whatever name and extension you want. I picked .pkl as the extension, short for 
“pickle.” 

Then we dump() our list into the pickle file:

The whole process looks like listing 22.6.

import pickle
my_list  = ['Fred', 73, 'Hello there', 81.9876e-13]
pickle_file = open('my_pickled_list.pkl', 'w')
pickle.dump(my_list, pickle_file)
pickle_file.close()

You can use this same method to store any kind of data structure to a file. But what about 
getting it back? That’s next.

Unpickling

In real life, once you pickle something, it stays pickled. You can’t undo it. But in Python, 
when you “preserve” some data by pickling it, you can also reverse the process and get your 
data back the way it was.

The function to “unpickle” something is load(). You give it a file object for the file that 
contains the pickled data, and it gives you back the data in its original form. Let’s try it. If 
you ran the program in listing 22.6, you should have a file called my_pickled_list.pkl in the 
same place where you store your programs. Now try the program in listing 22.7 and see if 
you get the same list back.

Listing 22.6 Using pickle to store a list to a file

my_list  = ['Fred', 73, 'Hello there', 81.9876e-13]

import pickle

pickle_file = open('my_pickled_list.pkl', 'w')

pickle.dump(my_list, pickle_file)

我是一个
小腌菜！

我是一个特
大腌菜！

我们都被泡在这里
以备将来使用！

我是一个
大腌菜！
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要“腌”某个东西，比如列表，需要使用 dump()函数。（腌菜要倒到罐子里，

想到这一点就很容易记住这个函数①。）dump()函数需要一个文件对象，我们知道如

何建立文件对象：

304 Hello World!

Pickling

Let’s say we have a list with different kinds of things in it, 
like this:

To use pickle, first you have to import the pickle module:

Then to “pickle” something, like a list, you use the dump() function. (That’s easy to 
remember if you think of dumping your pickles into the jar.) The dump() function needs 
a file object, and we know 
how to make one of those:

We open it for writing with 'w' because we’re going to be storing something in this file. You 
can pick whatever name and extension you want. I picked .pkl as the extension, short for 
“pickle.” 

Then we dump() our list into the pickle file:

The whole process looks like listing 22.6.

import pickle
my_list  = ['Fred', 73, 'Hello there', 81.9876e-13]
pickle_file = open('my_pickled_list.pkl', 'w')
pickle.dump(my_list, pickle_file)
pickle_file.close()

You can use this same method to store any kind of data structure to a file. But what about 
getting it back? That’s next.

Unpickling

In real life, once you pickle something, it stays pickled. You can’t undo it. But in Python, 
when you “preserve” some data by pickling it, you can also reverse the process and get your 
data back the way it was.

The function to “unpickle” something is load(). You give it a file object for the file that 
contains the pickled data, and it gives you back the data in its original form. Let’s try it. If 
you ran the program in listing 22.6, you should have a file called my_pickled_list.pkl in the 
same place where you store your programs. Now try the program in listing 22.7 and see if 
you get the same list back.

Listing 22.6 Using pickle to store a list to a file

my_list  = ['Fred', 73, 'Hello there', 81.9876e-13]

import pickle

pickle_file = open('my_pickled_list.pkl', 'w')

pickle.dump(my_list, pickle_file)

这里用 'w'模式打开文件来完成写，因为我们要在这个文件中存储一些内容。可

以选择你想要的任何文件名和扩展名。我选择 .pkl 作为扩展名，这是“pickle”的简写。

然后用 dump()把列表“倒”在 pickle 文件中：

304 Hello World!

Pickling

Let’s say we have a list with different kinds of things in it, 
like this:

To use pickle, first you have to import the pickle module:

Then to “pickle” something, like a list, you use the dump() function. (That’s easy to 
remember if you think of dumping your pickles into the jar.) The dump() function needs 
a file object, and we know 
how to make one of those:

We open it for writing with 'w' because we’re going to be storing something in this file. You 
can pick whatever name and extension you want. I picked .pkl as the extension, short for 
“pickle.” 

Then we dump() our list into the pickle file:

The whole process looks like listing 22.6.

import pickle
my_list  = ['Fred', 73, 'Hello there', 81.9876e-13]
pickle_file = open('my_pickled_list.pkl', 'w')
pickle.dump(my_list, pickle_file)
pickle_file.close()

You can use this same method to store any kind of data structure to a file. But what about 
getting it back? That’s next.

Unpickling

In real life, once you pickle something, it stays pickled. You can’t undo it. But in Python, 
when you “preserve” some data by pickling it, you can also reverse the process and get your 
data back the way it was.

The function to “unpickle” something is load(). You give it a file object for the file that 
contains the pickled data, and it gives you back the data in its original form. Let’s try it. If 
you ran the program in listing 22.6, you should have a file called my_pickled_list.pkl in the 
same place where you store your programs. Now try the program in listing 22.7 and see if 
you get the same list back.

Listing 22.6 Using pickle to store a list to a file

my_list  = ['Fred', 73, 'Hello there', 81.9876e-13]

import pickle

pickle_file = open('my_pickled_list.pkl', 'w')

pickle.dump(my_list, pickle_file)

整个过程见代码清单 22-6。

代码清单 22-6　使用 pickle将列表存储到文件中

304 Hello World!

Pickling

Let’s say we have a list with different kinds of things in it, 
like this:

To use pickle, first you have to import the pickle module:

Then to “pickle” something, like a list, you use the dump() function. (That’s easy to 
remember if you think of dumping your pickles into the jar.) The dump() function needs 
a file object, and we know 
how to make one of those:

We open it for writing with 'w' because we’re going to be storing something in this file. You 
can pick whatever name and extension you want. I picked .pkl as the extension, short for 
“pickle.” 

Then we dump() our list into the pickle file:

The whole process looks like listing 22.6.

import pickle
my_list  = ['Fred', 73, 'Hello there', 81.9876e-13]
pickle_file = open('my_pickled_list.pkl', 'w')
pickle.dump(my_list, pickle_file)
pickle_file.close()

You can use this same method to store any kind of data structure to a file. But what about 
getting it back? That’s next.

Unpickling

In real life, once you pickle something, it stays pickled. You can’t undo it. But in Python, 
when you “preserve” some data by pickling it, you can also reverse the process and get your 
data back the way it was.

The function to “unpickle” something is load(). You give it a file object for the file that 
contains the pickled data, and it gives you back the data in its original form. Let’s try it. If 
you ran the program in listing 22.6, you should have a file called my_pickled_list.pkl in the 
same place where you store your programs. Now try the program in listing 22.7 and see if 
you get the same list back.

Listing 22.6 Using pickle to store a list to a file

my_list  = ['Fred', 73, 'Hello there', 81.9876e-13]

import pickle

pickle_file = open('my_pickled_list.pkl', 'w')

pickle.dump(my_list, pickle_file)

使用这个方法可以在文件中存储任何类型的数据结构。但是怎么把它们取回来

呢？这就是我们下面要谈到的内容。

还原

在现实生活中，只要把某个东西腌起来，它就一直是腌菜了。你不可能撤销

这个过程，也就是说，不能把一个腌菜还原成新鲜菜。不过在 Python 中，利用

pickle“储藏”一些数据时，确实可以把这个过程反过来，取回原先的数据。

完成这种“还原”的函数是 load()。为这个函数提供一个文件对象（对应包含

“被腌”数据的文件），它会按原来的格式返回数据。下面就来试试看。如果运行过

代码清单 22-6 中的程序，在程序所在的相同位置上应该已经有一个名为 my_pickled_
list.pkl 的文件。现在试试代码清单 22-7 中的程序，看你能不能得到原来的列表。

代码清单 22-7　使用 load()还原

305 CHAPTER 22 File Input and Output

import pickle
pickle_file = open('my_pickled_list.pkl', 'r')
recovered_list = pickle.load(pickle_file)
pickle_file.close()

print recovered_list

You should get 
output that looks like this:

It looks like the unpickling worked! We got back the same items we pickled. The E-notation 
looks a little different, but it’s the same number, at least to 16 decimal places. The difference 
is from roundoff error, which we talked about in chapter 4.

In the next section, we’re going to use what we have learned about file input and output to 
help us make a new game. 

Game time again—Hangman
Why do we have a game in the chapter on files? Well, one thing that makes a game of 
Hangman interesting is to have a nice big list of words from which to choose the puzzles. 
The easiest way to do that is to read it from a file. We’ll also use PythonCard for this game 
to show that using Pygame isn’t the only way to make graphical games.

I’m not going to explain this program in quite as much detail as some other programs. By 
now, you should be able to look at the code and figure out how most of it works on your 
own. I’ll just give you a little guidance to help you along.

The Hangman GUI

The main GUI for our Hangman 
program looks like this:

This shows all the parts of the hanged 
man, but when the program runs, we’ll 
start by hiding all his parts. When the 
player guesses a wrong letter, we’ll 
reveal another part of the man. If the 
whole man is drawn, the player gets one 
more guess, and then it’s game over!

Listing 22.7 Unpickling using load()

['Fred', 73, 'Hello there', 8.1987599999999997e-012]

① 函数名 dump的含义就是“倾倒”。—译者注
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应该能得到这样的输出：

305 CHAPTER 22 File Input and Output

import pickle
pickle_file = open('my_pickled_list.pkl', 'r')
recovered_list = pickle.load(pickle_file)
pickle_file.close()

print recovered_list

You should get 
output that looks like this:

It looks like the unpickling worked! We got back the same items we pickled. The E-notation 
looks a little different, but it’s the same number, at least to 16 decimal places. The difference 
is from roundoff error, which we talked about in chapter 4.

In the next section, we’re going to use what we have learned about file input and output to 
help us make a new game. 

Game time again—Hangman
Why do we have a game in the chapter on files? Well, one thing that makes a game of 
Hangman interesting is to have a nice big list of words from which to choose the puzzles. 
The easiest way to do that is to read it from a file. We’ll also use PythonCard for this game 
to show that using Pygame isn’t the only way to make graphical games.

I’m not going to explain this program in quite as much detail as some other programs. By 
now, you should be able to look at the code and figure out how most of it works on your 
own. I’ll just give you a little guidance to help you along.

The Hangman GUI

The main GUI for our Hangman 
program looks like this:

This shows all the parts of the hanged 
man, but when the program runs, we’ll 
start by hiding all his parts. When the 
player guesses a wrong letter, we’ll 
reveal another part of the man. If the 
whole man is drawn, the player gets one 
more guess, and then it’s game over!

Listing 22.7 Unpickling using load()

['Fred', 73, 'Hello there', 8.1987599999999997e-012]

看来真还原了！我们又得到了之前“被腌”的元素。E 记法看起来有点不同，

不过还是同一个数，至少 16 位小数是一样的。这里的差别是四舍五入造成的，这个

问题我们在第 4 章讨论过。

在下一节中，我们将使用前面学到的文件输入和输出知识建立一个新游戏。

22.9　又到了游戏时间—Hangman
既然讨论的是文件，为什么要在这一章建立一个游戏呢？嗯，Hangman 游戏之

所以有趣，原因在于它有一个庞大的词汇表，可以从这个词汇表中选择题目。要做

到这一点，最容易的办法就是从文件中读取。我们仍然使用 PythonCard 来完成这个

游戏，也想由此说明并非只能使用 Pygame 建立图形化游戏。

我不打算像介绍其他程序那样详细地解释这个程序。现在你应该已经会看代码

了，相信你能自己搞清楚其中大部分代码的作用。我只会稍稍给你一点指导，帮助

你顺利读懂代码。

Hangman GUI

我们的 Hangman 程序的主 GUI 是像右图这样的：

这里显示了上吊小人的各个部分，

不过程序运行时，我们首先会隐藏小人

的所有部分。玩家猜错一个字母时，就

会显示这个小人的下一部分。如果整个

小人都显示出来，玩家可以再猜一次，

然后游戏结束！

玩家猜一个字母时，程序会查看这

个字母是否在秘密词中。如果确实是秘

密词中的字母，就把这个字母显示出来。在窗口下方，玩家可以看见到目前为止他

猜过的所有字母。玩家什么时候都可以尝试猜词。

下面概括一下这个程序的工作原理。

开始时，程序完成以下工作：

从文件加载词汇表；��

从每行的末尾去除换行符；��
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让小人的所有部分都不可见；��

从词汇表随机选择一个词；��

根据秘密词中的字母个数显示相同数目的横线。��

玩家点击 Guess! 按钮时，程序做以下工作。

检查猜的是一个字母还是一个词。��

如果是一个字母：��

■ 检查秘密词，查看是否包含这个字母。

■ 如果玩家猜对了，用这个字母取代横线，显示这个字母出现在什么位置。

■ 如果玩家猜错了，显示小人的另一部分。

■ 把猜出的字母增加到 Previous guesses 显示区。

■ 查看玩家是否已经猜出单词（猜出所有字母）。

如果是一个词：��

■ 检查玩家猜得正确与否。

■ 如果正确，显示一个对话框，指出 You Won!（你赢了！）并开始新游戏。

查看玩家是不是已经没有机会了，如果是，显示一个对话框，指出 You Lost��

（你失败了），并显示这个秘密词到底是什么。

从词汇表得到单词

这一章讨论的是文件，所以下面来看程序中得到词汇表的部分。相应代码如下：

307 CHAPTER 22 File Input and Output

Getting words from the word list

This is a chapter about files, so let’s look at the part of the program that gets the word list. 
The code looks like this:

The words.txt file is just a text file, so we can read it using readlines(). Then, to pick a 
word from the list, we use the 
random.choice() function, like this:

Revealing the man

There are several ways we could have kept track of which parts of the man are already 
revealed and which part to reveal next. Carter decided to use nested if statements, which 
works fine. It looks like this:

There are six parts of the hanged man, so we need six nested if blocks. Notice that, if all 
the parts are visible and there’s a wrong guess, you get the message saying you lost.

def wrong_guess(self):
        dialog.alertDialog(self, "WRONG!!!", 'Hangman')
        if self.components.head.visible == True:
            if self.components.body.visible == True:
               if self.components.arm1.visible == True:
                  if self.components.arm2.visible == True:
                     if self.components.foot1.visible == True:
                        if self.components.foot2.visible == True:
                             dialog.alertDialog(self, 
                               "You lost! Word was "+self.currentword, 
                                  'Hangman')
                                self.new_game()
                            else:
                                self.components.foot2.visible = True
                        else:
                            self.components.foot1.visible = True
                    else:
                        self.components.arm2.visible = True
                else:
                    self.components.arm1.visible = True
            else:
                self.components.body.visible = True
        else:
            self.components.head.visible = True

f = open("words.txt", 'r')
self.lines = f.readlines()
for line in self.lines:
   line.strip()
f.close()

Removes newline 
characters from each line

self.currentword = random.choice(self.lines)

从各行删除换行符

words.txt 文件只是一个文本文件，所以可以使用 readlines()读这个文件。为

了从词汇表中选择一个词，我们使用了 random.choice()函数，如下：

307 CHAPTER 22 File Input and Output

Getting words from the word list

This is a chapter about files, so let’s look at the part of the program that gets the word list. 
The code looks like this:

The words.txt file is just a text file, so we can read it using readlines(). Then, to pick a 
word from the list, we use the 
random.choice() function, like this:

Revealing the man

There are several ways we could have kept track of which parts of the man are already 
revealed and which part to reveal next. Carter decided to use nested if statements, which 
works fine. It looks like this:

There are six parts of the hanged man, so we need six nested if blocks. Notice that, if all 
the parts are visible and there’s a wrong guess, you get the message saying you lost.

def wrong_guess(self):
        dialog.alertDialog(self, "WRONG!!!", 'Hangman')
        if self.components.head.visible == True:
            if self.components.body.visible == True:
               if self.components.arm1.visible == True:
                  if self.components.arm2.visible == True:
                     if self.components.foot1.visible == True:
                        if self.components.foot2.visible == True:
                             dialog.alertDialog(self, 
                               "You lost! Word was "+self.currentword, 
                                  'Hangman')
                                self.new_game()
                            else:
                                self.components.foot2.visible = True
                        else:
                            self.components.foot1.visible = True
                    else:
                        self.components.arm2.visible = True
                else:
                    self.components.arm1.visible = True
            else:
                self.components.body.visible = True
        else:
            self.components.head.visible = True

f = open("words.txt", 'r')
self.lines = f.readlines()
for line in self.lines:
   line.strip()
f.close()

Removes newline 
characters from each line

self.currentword = random.choice(self.lines)

显示小人

要跟踪已经显示了小人的哪些部分，另外下一步要显示哪一部分，这有很多方

法。我们决定使用一个循环，代码如下：

图灵社区会员 FreeLink 专享 尊重版权



316　　第 22 章　文件输入与输出

def wrong(self):

        self.pieces_shown += 1

        for i in range(self.pieces_shown):

            self.pieces[i].setHidden(False)

        if self.pieces_shown == len(self.pieces):

            message = "You lose.  The word was " + self.currentword

            QtGui.QMessageBox.warning(self,"Hangman",message)

            self.new_game()

我们使用 self.pieces_shown来跟踪上吊小人显示了多少部分。如果所有的部

分都显示出来了，我们就使用一个对话框来告知玩家他输了。

检查猜到的字母

这个程序最难的一部分就是检查玩家猜到的字母，看它是否出现在秘密词中。

这个工作之所以困难，是因为字母可能在一个单词中出现多次。例如，如果秘密词

是 lever，玩家猜到了 e，就必须把第 2 个和第 4 个字母都显示出来，因为它们都是 e。

我们有几个函数来完成这项工作。find_letters()函数会查找某个字母在单

词中出现的所有位置，并返回一个包含这些位置的列表。例如，对于字母 e 和单词

lever，这个函数会返回 [1, 3]，因为字母 e 出现在这个字符串的索引 1 和索引 3 的位

置上。（记住，索引从 0 开始。）代码如下：

308 Hello World!

If there were a lot more parts to the man, nested if blocks would get difficult to keep track 
of, and we might find another way to do this. Maybe you can think of one!

Checking the letter guesses

One of the trickiest parts of this program is checking the player’s guessed letter to see if it 
appears in the secret word. What makes it tricky is that the letter could appear more than 
once in the word. For example, if the secret word is “lever,” and the player guesses e, you 
have to reveal both the second and fourth letters because they’re both e.

Carter needed a little help with this part, so I wrote a couple of functions that do this. The 
find_letters() function finds all the places a particular letter appears in a word and 
returns a list of those positions. For example, for the letter e and the word “lever,” it would 
return [1, 3], because the letter e appears at index 1 and index 3 in the string. (Remember 
that the indices start at 0.) Here’s the code:

The replace_letters() function takes the list from find_letters() and replaces the 
dashes at those positions with the correct letter. In our example (the letter e in “lever”), it 
would replace ----- with -e-e-. It shows the player where the correctly guessed letters 
appear in the word, and leaves the rest as dashes. Here’s the code:

def find_letters(letter, a_string):
    locations = []    
    start = 0
    while a_string.find(letter, start, len(a_string)) != -1:
        location = a_string.find(letter, start, len(a_string))
        locations.append(location)
        start = location + 1
    return locations

def replace_letters(string, locations, letter):
    new_string = ''
    for i in range (0, len(string)):
        if i in locations:
            new_string = new_string + letter
        else:
            new_string = new_string + string[i]
    return new_string

replace_letters()函数从 find_letters()得到列表，用正确的字母替换这

些位置上的横线。在我们的例子中（lever 中的字母 e），它会用 -e-e-替换 -----。

这就向玩家显示出猜对的字母出现在单词的什么位置，其余仍然为横线。代码如下：

308 Hello World!

If there were a lot more parts to the man, nested if blocks would get difficult to keep track 
of, and we might find another way to do this. Maybe you can think of one!

Checking the letter guesses

One of the trickiest parts of this program is checking the player’s guessed letter to see if it 
appears in the secret word. What makes it tricky is that the letter could appear more than 
once in the word. For example, if the secret word is “lever,” and the player guesses e, you 
have to reveal both the second and fourth letters because they’re both e.

Carter needed a little help with this part, so I wrote a couple of functions that do this. The 
find_letters() function finds all the places a particular letter appears in a word and 
returns a list of those positions. For example, for the letter e and the word “lever,” it would 
return [1, 3], because the letter e appears at index 1 and index 3 in the string. (Remember 
that the indices start at 0.) Here’s the code:

The replace_letters() function takes the list from find_letters() and replaces the 
dashes at those positions with the correct letter. In our example (the letter e in “lever”), it 
would replace ----- with -e-e-. It shows the player where the correctly guessed letters 
appear in the word, and leaves the rest as dashes. Here’s the code:

def find_letters(letter, a_string):
    locations = []    
    start = 0
    while a_string.find(letter, start, len(a_string)) != -1:
        location = a_string.find(letter, start, len(a_string))
        locations.append(location)
        start = location + 1
    return locations

def replace_letters(string, locations, letter):
    new_string = ''
    for i in range (0, len(string)):
        if i in locations:
            new_string = new_string + letter
        else:
            new_string = new_string + string[i]
    return new_string

用字母取代横线

检查字母出现的位置
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玩家猜一个字母时，我们使用刚才定义的两个函数 find_letters()和 replace_

letters()：

 if len(guess) == 1:                    

            if guess in self.currentword:                       

                locations = find_letters(guess, self.currentword)        

                self.word.setText(replace_letters(str(self.word.text()),

                                                  locations,guess))

                if str(self.word.text()) == self.currentword:

                    self.win()               

            else:

                self.wrong()

整个程序大约 95 行代码，另外我还加入了一些空行，让代码看起来更美观。代码

清单 22-8 给出了整个程序，这里加了对各个不同部分做的一些解释。如果使用本书的

安装程序，你的计算机上的 \Examples\Hangman 文件夹中应该已经有这个代码了，另外

也可以在网站上找到这个代码，包括 hangman.py、hangman.ui 和 words.txt。切记，正如

我们在第 20 章提到的，如果你使用的是 Mac，则需要在 Qt Designer 中打开 hangman.ui，
并勾选掉 menubar对象的 nativeMenuBar属性。

代码清单 22-8　完整的 hangman.py 程序

import sys

from PyQt4 import QtCore, QtGui, uic

import random

form_class = uic.loadUiType("hangman.ui")[0]

def find_letters(letter, a_string):                               

    locations = []                                                 

    start = 0                                                      

    while a_string.find(letter, start, len(a_string)) != -1:        

        location = a_string.find(letter, start, len(a_string))    

        locations.append(location)                                 

        start = location + 1                                      

    return locations                                                

                                                                   

def replace_letters(string, locations, letter):                     

    new_string = ''                                                

    for i in range (0, len(string)):                                

        if i in locations:                                         

            new_string = new_string + letter                       

        else:                                                      

            new_string = new_string + string[i]                    

    return new_string                                    

def dashes(word):                        

    letters = "abcdefghijklmnopqrstuvwxyz"                           

    new_string = ''                                                 

    for i in word:                                                  

        if i in letters:                                             

            new_string += "-"                                       

        else:                                                       

            new_string += i                                          

    return new_string                                   

class MyWidget(QtGui.QMainWindow, form_class):

    def __init__(self, parent=None):

        QtGui.QMainWindow.__init__(self, parent)

        self.setupUi(self)

        self.btn_guess.clicked.connect(self.btn_guess_clicked)        

        self.actionExit.triggered.connect(self.menuExit_selected)

        self.pieces = [self.head, self.body, self.leftarm, self.leftleg, 

                       self.rightarm, self.rightleg]  

   

玩家猜对字母时，用
字母替换横线

检查是不是已经没有 
横线了（这说明你蠃了！）

猜得是一个字
母吗？

用字母替换横线

检查字母出现
在什么位置

检查字母是否 
包含在单词中

程序开始时用横
线替换字母
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This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

查找字母
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import sys

from PyQt4 import QtCore, QtGui, uic

import random

form_class = uic.loadUiType("hangman.ui")[0]

def find_letters(letter, a_string):                               

    locations = []                                                 

    start = 0                                                      

    while a_string.find(letter, start, len(a_string)) != -1:        

        location = a_string.find(letter, start, len(a_string))    

        locations.append(location)                                 

        start = location + 1                                      

    return locations                                                

                                                                   

def replace_letters(string, locations, letter):                     

    new_string = ''                                                

    for i in range (0, len(string)):                                

        if i in locations:                                         

            new_string = new_string + letter                       

        else:                                                      

            new_string = new_string + string[i]                    

    return new_string                                    

def dashes(word):                        

    letters = "abcdefghijklmnopqrstuvwxyz"                           

    new_string = ''                                                 

    for i in word:                                                  

        if i in letters:                                             

            new_string += "-"                                       

        else:                                                       

            new_string += i                                          

    return new_string                                   

class MyWidget(QtGui.QMainWindow, form_class):

    def __init__(self, parent=None):

        QtGui.QMainWindow.__init__(self, parent)

        self.setupUi(self)

        self.btn_guess.clicked.connect(self.btn_guess_clicked)        

        self.actionExit.triggered.connect(self.menuExit_selected)

        self.pieces = [self.head, self.body, self.leftarm, self.leftleg, 

                       self.rightarm, self.rightleg]  

   

        self.gallows = [self.line1, self.line2, self.line3, self.line4]

        self.pieces_shown = 0

        self.currentword = ""

        f=open("words.txt", 'r')                                    

        self.lines = f.readlines()                                     

        f.close()                                                       

        self.new_game()                

   

    def new_game(self):

        self.guesses.setText("")

        self.currentword = random.choice(self.lines)    

        self.currentword = self.currentword.strip()

        for i in self.pieces:                                          

            i.setFrameShadow(QtGui.QFrame.Plain)                        

            i.setHidden(True)                    

        for i in self.gallows:                                           

            i.setFrameShadow(QtGui.QFrame.Plain)                         

        self.word.setText(dashes(self.currentword))  

        self.pieces_shown = 0

        

    def btn_guess_clicked(self):

        guess = str(self.guessBox.text())                                

        if str(self.guesses.text()) != "":                              

            self.guesses.setText(str(self.guesses.text())+", "+guess)   

        else:                                                           

            self.guesses.setText(guess)                                 

        if len(guess) == 1:                                          

            if guess in self.currentword:                              

                locations = find_letters(guess, self.currentword)     

                self.word.setText(replace_letters(str(self.word.text()), 

                                                  locations,guess))   

                if str(self.word.text()) == self.currentword:      

                    self.win()                                      

            else:                                                       

                self.wrong()                                             

        else:                                                         

            if guess == self.currentword:                           

                self.win()                                            

            else:                                                    

                self.wrong()                    

        self.guessBox.setText("")                    

    def win(self):                                                       

        QtGui.QMessageBox.information(self,"Hangman","You win!")         

        self.new_game()                                               

    def wrong(self):

        self.pieces_shown += 1                                            

        for i in range(self.pieces_shown):        

            self.pieces[i].setHidden(False)  

        if self.pieces_shown == len(self.pieces):                        

            message = "You lose.  The word was " + self.currentword     

            QtGui.QMessageBox.warning(self,"Hangman", message)      

            self.new_game()
   

连接事件
处理器

从词汇表中随机
选择一个单词

让
玩
家
猜
字
母
或
单
词

绞架部分

得到词汇表

猜字母

小人部分

隐藏小人

调用函数，用
横线替换字母

猜单词
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    def menuExit_selected(self):

        self.close()

app = QtGui.QApplication(sys.argv)

myapp = MyWidget(None)

myapp.show()

app.exec_()

        self.gallows = [self.line1, self.line2, self.line3, self.line4]

        self.pieces_shown = 0

        self.currentword = ""

        f=open("words.txt", 'r')                                    

        self.lines = f.readlines()                                     

        f.close()                                                       

        self.new_game()                

   

    def new_game(self):

        self.guesses.setText("")

        self.currentword = random.choice(self.lines)    

        self.currentword = self.currentword.strip()

        for i in self.pieces:                                          

            i.setFrameShadow(QtGui.QFrame.Plain)                        

            i.setHidden(True)                    

        for i in self.gallows:                                           

            i.setFrameShadow(QtGui.QFrame.Plain)                         

        self.word.setText(dashes(self.currentword))  

        self.pieces_shown = 0

        

    def btn_guess_clicked(self):

        guess = str(self.guessBox.text())                                

        if str(self.guesses.text()) != "":                              

            self.guesses.setText(str(self.guesses.text())+", "+guess)   

        else:                                                           

            self.guesses.setText(guess)                                 

        if len(guess) == 1:                                          

            if guess in self.currentword:                              

                locations = find_letters(guess, self.currentword)     

                self.word.setText(replace_letters(str(self.word.text()), 

                                                  locations,guess))   

                if str(self.word.text()) == self.currentword:      

                    self.win()                                      

            else:                                                       

                self.wrong()                                             

        else:                                                         

            if guess == self.currentword:                           

                self.win()                                            

            else:                                                    

                self.wrong()                    

        self.guessBox.setText("")                    

    def win(self):                                                       

        QtGui.QMessageBox.information(self,"Hangman","You win!")         

        self.new_game()                                               

    def wrong(self):

        self.pieces_shown += 1                                            

        for i in range(self.pieces_shown):        

            self.pieces[i].setHidden(False)  

        if self.pieces_shown == len(self.pieces):                        

            message = "You lose.  The word was " + self.currentword     

            QtGui.QMessageBox.warning(self,"Hangman", message)      

            self.new_game()
   

为了简化起见，我们的 Hangman 程序只使用了小写字母。我们提供的单词表只

有小写字母，用户也必须将其猜测的内容以小写形式输入。

新游戏开始时，
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This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

处的 dashes()函数使用横杠替换了字母。但它并没有替换
标点符号，比如撇号。所以如果单词是 doesn’t，玩家将会看到 -----'-。

建议你自己创建这个程序。可以用 Qt Designer 构建 GUI，即使看上去与这里的

版本不完全一样也没有关系。不过一定要仔细查看代码，看看组件分别使用什么名

字。代码中的名字必须与 .ui 文件中的名字一致。

尽可能自己键入代码。运行程序，看看结果怎么样。如果你想做些不同的尝试，

那就放手去做！充分尝试，大胆试验，并享受其中的快乐。这正是编程最有意思也

最有收获的地方，大多数知识都是通过这个途径获得的。
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        else:
            self.components.head.visible = True

    def on_btnGuessLetter_mouseClick(self, event):
        result = dialog.textEntryDialog(self,
          'enter the letter here:', 'Hangman', '')
        guess = result.text
        if len(guess) == 1:
            self.components.stYourGuesses.text = \
              self.components.stYourGuesses.text + "  " + guess + " "
            if result.text in self.currentword:
                locations = find_letters(guess, self.currentword)
                self.components.stDisplayWord.text = replace_letters \
                  (self.components.stDisplayWord.text, locations, guess)
                if self.components.stDisplayWord.text.find('-') == -1:
                    dialog.alertDialog(self, 'You win!!!!!', 'Hangman')
                    self.new_game()
            else:
                self.wrong_guess()
        else:
            dialog.alertDialog(self, 'Type one letter only', 'Hangman')

    def on_cmdNewGame_command(self, event):
        self.new_game()

I encourage you to try creating this program on your own. You can build the GUI in 
PythonCard using Resource Editor. It doesn’t matter if it doesn’t look exactly the same as 
the version I have here. Just make sure you look at the code to see what names to use for 
the components. The names in the code have to match the names in the resource file.

Type in the code if you can. Run the program and see how it works. And if you think of 
something different to try, go for it! Have fun, play around with it, and experiment. 
That’s one of the most fun and rewarding parts of programming, and it’s how you’ll learn 
the most.

What did you learn?

In this chapter, you learned

� what a file is.
� how to open and close files.
� different ways to open a file: reading, writing, and appending.
� different ways to write things to a file: write() or print >>.
� how to use pickle to save lists and objects (and other Python data structures) to a file.
� a lot about folders (also called directories), file locations, and paths.

Shows another part of the 
man when guess is wrong

Lets player guess a letter

Starts a new game

你学到了什么

在这一章，你学到了以下内容。

什么是文件。��

如何打开和关闭文件。��

打开文件的不同方式：读、写和追加。��

写文件的不同方法： �� write()或 print >>。

显示小人的
另一部分 猜错

玩家猜对
时显示对
话框

玩家输了
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如何使用�� pickle在文件中保存列表和对象（以及其他 Python 数据结构）。

很多与文件夹（也称为目录）、文件位置和路径相关的内容。��

我们还建立了一个 Hangman 游戏，这个游戏使用来自文件的数据得到一个词

汇表。

测试题

1. Python 中用来处理文件的对象称为 _______。
2. 如何创建一个文件对象？

3. 文件对象和文件名之间有什么区别？

4. 完成文件读写时应该对文件做什么操作？

5. 如果用追加模式打开一个文件然后在文件中写入内容会怎样？

6. 如果用写模式打开一个文件然后在文件中写入内容会怎样？

7. 读过文件的一部分之后如何从文件起始位置开始读？

8. 将一个 Python 对象保存到文件中要使用哪个 pickle函数？

9.  要“还原”一个对象 ( 从 pickle文件得到对象 , 并放回到 Python 变量中 )，
应当使用哪个 pickle方法？

动手试一试

1. 建立程序造一些滑稽句子。每个句子应该至少有 4 部分，类似于：

 The __________  ___________  ____________  _____________

 例如：

312 Hello World!

We also made a Hangman game that used data from a file to get a word list. 

Test your knowledge
1 The kind of object in Python that’s used to work with files is called a _______.

2 How do you create a file object?

3 What’s the difference between a file object and a filename?

4 What should you do with a file when you’re done reading or writing it?

5 What happens if you open a file in append mode and then write something to the file?

6 What happens if you open a file in write mode and then write something to the file?

7 How do you start reading the start of a file after you have already read part of it?

8 What pickle function is used to save a Python object to a file?

9 What pickle method is used to “unpickle” an object—to get it from a pickle file and 
put it back in a Python variable?

Try it out
1 Make a program to create silly sentences. Each sentence should have at least four 

parts, like this: 

The __________  ___________  ____________  _____________

         (adjective)       (noun)        (verb phrase)    (adverb phrase)

For example:  "The  crazed  monkey  played a ukulele  on the table."

The program should create the sentence by randomly picking an adjective, a noun, a
verb phrase, and an adverb phrase. The words will be stored in files, and you can use
Notepad to create them. The simplest way to make this program work is to have one
file for each of the four groups of words, but you can do it however you want. Here are
some ideas to get you started, but I’m sure you’ll come up with your own:

� adjectives: crazed, silly, shy, goofy, angry, lazy, obstinate, purple
� nouns: monkey, elephant, cyclist, teacher, author, hockey player
� verb phrases: played a ukulele, danced a jig, combed his hair, flapped her ears
� adverb phrases: on the table, at the grocery store, in the shower, after breakfast, 

with a broom 

Here’s another sample output: “The lazy author combed his hair with a broom.”

2 Write a program that asks the user to enter her name, age, favorite color, and favorite 
food. Have the program save all four items to a text file, each one on a separate line.

3 Do the same as in question #2, but use pickle to save the data to a file. (Hint: This will 
be easy if you put the data in a list.)

adjective noun verb phrase adverb phrase

  这个程序会随机选择一个形容词、一个名词、一个动词短语和一个副词短语

来创建句子。这些单词都存储在文件中，可以使用“记事本”创建这些单词。

要完成这个程序，最简单的方法是为这 4 组单词分别创建一个文件，不过也

可以采用你希望的任何方式创建文件。下面给出一些点子来启发一下你，不

过，我相信你也能提出自己的想法。

形容词：crazed, silly, shy, goofy, angry, lazy, obstinate, purple��

名词：monkey, elephant, cyclist, teacher, author, hockey player��

动词短语：played a ukulele, danced a jig, combed his hair, flapped her ears��

副词短语：on the table, at the grocery store, in the shower, after breakfast,with ��

a broom

（形容词）

" "

形容词 名词 动词短语 副词短语

( 名词 ) ( 动词短语 ) ( 副词短语 )
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 再给出一个示例输出：“The lazy author combed his hair with a broom”。

2.  编写一个程序，让用户输入名字、年龄、最喜欢的颜色和最喜欢的食物。程

序要把所有这 4 项保存在一个文本文件中，每一项分别放在单独的一行上。

3.  完成第 2 题的任务，不过使用 pickle将数据保存到一个文件。（提示：如果

先把数据放在一个列表中就会很容易做到。）
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第 23 章

碰运气—随机性

游戏最有意思的一个方面就是你永远也不知道会发生什么。游戏是不可预测的。

它们是随机的。正是这种随机性才让游戏很有趣。

我们已经看到，计算机可以模拟随机行为。我们的猜数程序（见第 1 章）使用

了 random模块来生成一个随机整数，也就是要让用户猜的数。另外，你还在第 22
章“动手试一试”中使用了 random为滑稽句子程序选择单词。

计算机还可以模拟掷骰子或洗牌之

类的随机行为。正是因为这一点，我们

才有可能创建关于纸牌或骰子（或其他

有随机行为的对象）的游戏。例如，几

乎所有人都玩过 Windows 上的 Solitaire，
这是一个纸牌游戏，每次游戏前程序

都 会 随 机 地 洗 牌。 另 外，Computer 
Backgammon 游戏也很有名，其中使用了两个骰子。

在这一章中，我们将学习如何使用 random模块建立计算机生成的骰子和纸牌

来玩游戏。这里还会介绍如何使用计算机生成的随机事件来研究概率。所谓概率

（probability），就是某件事情发生的可能性。

23.1　什么是随机性

在讨论如何建立有随机行为的程序之前，首先应当了解“随机”到底是什么意思。

以扔硬币为例。如果把一个硬币抛向空中，让它着地，可能正面朝上，也可能

背面朝上。一般来说，正面朝上和背面朝上的机会是一样的。有时你会得到正面，

有时则是背面。每次抛的时候，你都无法知道会得到什么。因为抛一次的结果不能

A

A

K

K
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预测，我们称之为随机。抛硬币就是随机事件的一个例子。

如果抛硬币的次数很多，可能会发现正面朝上次数和背

面朝上次数基本相同。不过这一点永远也不能保证。如果抛 4
次，可能会得到 2 次正面 2 次背面；但是也可能得到 3 次正

面 1 次背面，或者 1 次正面 3 次背面，或者甚至连续 4 次正

面（或 4 次背面）。如果抛 100 次，可能得到 50 次正面。但是也可能得到 20、44、
67 或者甚至 100 次全都是正面！全都是正面的可能性不大，但是确实有可能发生。

这里的关键是每次事件都是随机的。尽管大量抛硬币可能会存在某种规律，但

是每一次抛硬币正面朝上或背面朝上的可能性都是一样的。换种说法，也就是说硬

币没有记忆。所以即使你刚刚连续抛出了 99 次正面，你可能认为不太可能连续得到

100 个正面，但下一次抛出仍有 50% 的可能会得到正面。这就是随机的含义。

随机事件就是可能有两个或多个结果的事件，你无法预测会得到哪一个结果。

这里所说的结果可能是一副牌中的纸牌顺序，或者是掷骰子时的点数，或者是一个

硬币哪一面朝上。

23.2　掷骰子

几乎所有人都玩过用到骰子的游戏，可能是 Monopoly、Yahtzee、Trouble、
Backgammon 或者别的游戏。不论是哪个游戏，掷骰子都是在游戏中生成随机事件的

最常用的方式之一。

骰子在程序中很容易模拟，Python 的 random模块提供了两种方法来完成这项

工作。一种方法是使用 randint()函数，它会选择一个随机的整数。由于骰子各面

上的点数都是整数（1、2、3、4、5 和 6），所以可以这样模拟掷骰子：

314 Hello World!

Take the example of flipping a coin. If you toss a coin in the air and let it 
land, it will either land heads-up or tails-up. For a normal coin, the 
chances of getting heads are the same as the chances of getting tails. 
Sometimes you’ll get heads, sometimes tails. On any one toss, you don’t 
know what you’ll get. Because the outcome of a toss can’t be predicted, 
we say it’s random. Tossing a coin is an example of a random event.

If you toss the coin many times, you’ll probably get about the same number of heads as 
tails. But you can never really be sure. If you toss the coin 4 times, you might get 2 heads 
and 2 tails. But you could get 3 heads and 1 tail, 1 head and 3 tails, or even 4 heads (or tails) 
in a row. If you toss the coin 100 times, you might get 50 heads. But you could get 20, 44, 
67, or even all 100 tosses coming up heads! That’s very unlikely, but it could happen. 

The point is that each event is random. Although there might be some pattern to it if you 
make a lot of tosses, each individual toss has the same chance of coming up heads or tails. 
Another way to say this is that the coin has no memory. So even if you just tossed 99 heads 
in a row, and you think it’s nearly impossible to get 100 heads in a row, the next toss still has 
a 50 percent chance of being heads. That’s what random means.

A random event is an event with two or more possible outcomes, where you can’t predict 
which outcome will happen. The outcome could be the order of cards in a shuffled deck, or 
the number of spots that show when you roll the dice, or which side a coin will land on.

Rolling the dice 
Almost everyone has played a game using dice. Whether it’s Monopoly, Yahtzee, Trouble, 
Backgammon, or some other game, rolling dice is one of the most common ways to gener-
ate a random event in a game.

Dice are very easy to simulate in a program, and Python’s random module has a couple of 
ways to do it. One is the randint() function, which picks a random integer. Because the 
number of spots on the sides of a die are integers (1, 2, 3, 4, 5, and 6), rolling a single die 
could be simulated like this:

That gives you a number from 1 to 6, with each number having an equal chance of appear-
ing. This is just like a real die.

Another way to do the same thing is to make a list of the possible results, and then use the 
choice() function to pick one of 
them. Here’s how that would look:

import random
die_1 = random.randint(1, 6)

import random
sides = [1, 2, 3, 4, 5, 6]
die_1 = random.choice(sides)

这会给出介于 1 到 6 之间的一个数，每个数出现的几率相等。这就像是一个真

正的骰子。

要完成同样的工作还有一种方法，可以建立所有可能结果的一个列表，然后使

用 choice()函数从这个列表中选择一个结果。具体做法如下：

314 Hello World!

Take the example of flipping a coin. If you toss a coin in the air and let it 
land, it will either land heads-up or tails-up. For a normal coin, the 
chances of getting heads are the same as the chances of getting tails. 
Sometimes you’ll get heads, sometimes tails. On any one toss, you don’t 
know what you’ll get. Because the outcome of a toss can’t be predicted, 
we say it’s random. Tossing a coin is an example of a random event.

If you toss the coin many times, you’ll probably get about the same number of heads as 
tails. But you can never really be sure. If you toss the coin 4 times, you might get 2 heads 
and 2 tails. But you could get 3 heads and 1 tail, 1 head and 3 tails, or even 4 heads (or tails) 
in a row. If you toss the coin 100 times, you might get 50 heads. But you could get 20, 44, 
67, or even all 100 tosses coming up heads! That’s very unlikely, but it could happen. 

The point is that each event is random. Although there might be some pattern to it if you 
make a lot of tosses, each individual toss has the same chance of coming up heads or tails. 
Another way to say this is that the coin has no memory. So even if you just tossed 99 heads 
in a row, and you think it’s nearly impossible to get 100 heads in a row, the next toss still has 
a 50 percent chance of being heads. That’s what random means.

A random event is an event with two or more possible outcomes, where you can’t predict 
which outcome will happen. The outcome could be the order of cards in a shuffled deck, or 
the number of spots that show when you roll the dice, or which side a coin will land on.

Rolling the dice 
Almost everyone has played a game using dice. Whether it’s Monopoly, Yahtzee, Trouble, 
Backgammon, or some other game, rolling dice is one of the most common ways to gener-
ate a random event in a game.

Dice are very easy to simulate in a program, and Python’s random module has a couple of 
ways to do it. One is the randint() function, which picks a random integer. Because the 
number of spots on the sides of a die are integers (1, 2, 3, 4, 5, and 6), rolling a single die 
could be simulated like this:

That gives you a number from 1 to 6, with each number having an equal chance of appear-
ing. This is just like a real die.

Another way to do the same thing is to make a list of the possible results, and then use the 
choice() function to pick one of 
them. Here’s how that would look:

import random
die_1 = random.randint(1, 6)

import random
sides = [1, 2, 3, 4, 5, 6]
die_1 = random.choice(sides)

这与前一个例子的原理完全相同。choice()函数随机地从列表中选择一项。在
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这里，列表中包含从 1 到 6 的数字。

多个骰子

如果想模拟掷两个骰子呢？如果你只是想把两个骰子的结果相加来得到总数，

可能会考虑这样做：

315 CHAPTER 23 Take a Chance—Randomness

This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

毕竟，两个骰子的总和可以是 2 到 12，对不对？嗯，也对也不对。你确实会得

到一个介于 2 到 12 之间的随机数，但是不能只是将两个从 1 到 6 的随机数相加来得

到。这行代码所做的就像是掷一个有 11 面的大骰子，而不是两个 6 面的骰子。不过

这有什么区别呢？这就引入一个主题：概率。要了解二者的差别，最简单的方法就

是试一试。

下面我们将掷多次骰子，并跟踪每个面总共出现多少次。这里利用一个循环和

一个列表来实现。循环用来掷骰子，列表跟踪每个面出现的次数。下面先来看 11 个

面的骰子，如代码清单 23-1 所示。

代码清单 23-1　将一个 11 面的骰子掷 1000 次

315 CHAPTER 23 Take a Chance—Randomness

This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

315 CHAPTER 23 Take a Chance—Randomness

This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

列表的索引是从 0 到 12，不过前两个不会使用，因为我们不关心总数 0 和 1，
这是不可能发生的。

315 CHAPTER 23 Take a Chance—Randomness

This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

得到一个结果时，我们将相应的列表项增 1。如果结果为 7，
就将 totals[7]增 1。所以 totals[2]就是得到 2 的次数，totals[3]是得到 3 的

次数。依此类推。

如果运行这个代码，会得到这样的结果：      

列表包含 13 项， 
索引从 0 到 12

将这个 
总数增 1

315 CHAPTER 23 Take a Chance—Randomness

This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times
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如果查看总数，可以看到所有数出现的次数大致相同，都介于 80 到 100 之间。

它们出现的次数并不完全一样，因为这些数都是随机的。不过它们都很接近，而且

哪些数出现次数更多并没有明显的规律。你可以运行这个程序，多试几次，确认这

一点。或者你也可以把循环次数增加到 10 000 或 100 000 试试看。

现在用两个 6 面的骰子做同样的事情。代码清单 23-2 中的代码会完成这项工作。

代码清单 23-2　将两个 6 面的骰子掷 1000 次

316 Hello World!

If you look at the totals, you can see that all the numbers came up roughly the same num-
ber of times, between 80 and 100. They didn’t come up exactly the same number of times 
because the numbers are random, but they’re close, and there’s no obvious pattern of some 
numbers coming up much more often than others. Try running the program a few times to 
make sure. Or try increasing the number of loops to 10,000 or 100,000.

Now let’s try the same thing with two 6-sided dice. The code in listing 23.2 does that.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
for i in range(1000):
    die_1 = random.randint(1, 6)
    die_2 = random.randint(1, 6)
    dice_total = die_1 + die_2
    totals[dice_total] += 1

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

If you run the code in listing 23.2, you should get output that looks something 
like this:

Notice that the highest and lowest numbers came 
up less often, and the middle numbers, like 6 and 7, 
came up most often. That’s different from what 
happened with a single 11-sided die. If we do this 
many more times, and then calculate the percent-
age of times that a certain total occurs, it looks 
like this:

Listing 23.2 Rolling two 6-sided dice 1,000 times

total 2 came up 22 times
total 3 came up 61 times
total 4 came up 93 times
total 5 came up 111 times
total 6 came up 141 times
total 7 came up 163 times
total 8 came up 134 times
total 9 came up 117 times
total 10 came up 74 times
total 11 came up 62 times
total 12 came up 22 times

Result
One 

11-sided die
Two 

6-sided dice

2 9.1% 2.8%

3 9.1% 5.6%

4 9.1% 8.3%

5 9.1% 11 . 1%

6 9.1% 13 .9%

7 9.1% 16.7%

8 9.1% 13.9%

9 9.1% 11 . 1%

10 9.1% 8.3%

11 9. 1% 5.6%

12 9.1% 2.8%

运行这个程序，会得到类似下面的输出：

可以注意到，最大的数和最小的数

出现比较少，而中间的数字（如 6 和 7）
出现得更频繁一些。这与只有一个 11 面

骰子的情况有所不同。如果多运行几次，

然后计算某个总数出现次数的百分比，

会得到右图这样的结果：
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结果
一个 11 

面的骰子
两个 6 

面的骰子

2 9.1% 2.8%

3 9.1% 5.6%

4 9.1% 8.3%

5 9.1% 11.1%

6 9.1% 13.9%

7 9.1% 16.7%

8 9.1% 13.9%

9 9.1% 11.1%

10 9.1% 8.3%

11 9.1% 5.6%

12 9.1% 2.8%
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如果画出这些

数字的一个图表，

可以得到

为什么会有这种差别？原因与概率有关，这是一个庞大的主题。基本说来，对

于两个骰子，中间的数更常出现，这是因为掷两个骰子时有更多途径可以得到中间

这几个数。

掷两个骰子时，可能发生多种不同组合。以下是这些组合的列表，给出了它们

的总数：

317 CHAPTER 23 Take a Chance—Randomness

If we plot a graph of 
these numbers, it looks 
like this:

Why are they different? The reason involves the rather large topic of probability. Basically, 
the middle numbers are more likely to come up with two dice because there are more ways 
the middle totals can happen with two dice. 

When you roll two dice, there are many different combinations that can happen. Here’s a list 
of them, with their totals:

There are 36 possible combinations. Now look at how many times each total appears:

� The total 2 appears 1 time.
� The total 3 appears 2 times.
� The total 4 appears 3 times.
� The total 5 appears 4 times.
� The total 6 appears 5 times.
� The total 7 appears 6 times.
� The total 8 appears 5 times.
� The total 9 appears 4 times.
� The total 10 appears 3 times.
� The total 11 appears 2 times.
� The total 12 appears 1 time.

1+1  = 2 1+2 = 3 1+3 = 4 1+4 = 5 1+5 = 6 1+6 = 7
2+1  = 3 2+2 = 4 2+3 = 5 2+4 = 6 2+5 = 7 2+6 = 8
3+1 =  4 3+2 = 5 3+3 = 6 3+4 = 7 3+5 = 8 3+6 = 9
4+1  = 5 4+2 = 6 4+3 = 7 4+4 = 8 4+5 = 9 4+6 = 10
5+1 = 6 5+2 = 7 5+3 = 8 5+4 = 9 5+5 = 10 5+6 = 1 1
6+1  = 7 6+2 = 8 6+3 = 9 6+4 = 10 6+5 = 1 1 6+6 = 12

共有 36 种可能的组合。现在来看每个总数出现的次数：

总数 2 出现 1 次；��

总数 3 出现 2 次；��

总数 4 出现 3 次；��

总数 5 出现 4 次；��

总数 6 出现 5 次；��

总数 7 出现 6 次；��

总数 8 出现 5 次；��

总数 9 出现 4 次；��

总数 10 出现 3 次；��

总数 11 出现 2 次；��

总数 12 出现 1 次。��

出
现
频
度

 一个骰子

 两个骰子

2 3 4 5 6 7 8 9 10 11 12

18.0%

16.0%

14.0%

12.0%

10.0%

8.0%

6.0%

4.0%

2.0%

0.0%

 两个骰子
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这说明，掷出 7 比掷出 2 的途径更多。掷出 1+6、2+5、3+4、4+3、5+2 或 6+1
都可以得到 7。而要得到 2 只有一种情况，也就是掷出 1+1。所以这是有道理的，如

果把这两个骰子掷出很多次，得到的 7 会比 2 更多。这也正是我们从两个骰子程序

得到的结果。

使用计算机程序生成随机事件是研究概率的一种很好的方法，可以用来完成

概率试验，查看需要相当多次尝试才能看到的结果。如果让你把一对真正的骰子掷

1000 次并记录结果，这会花费很长时间，但是计算机程序在远不到 1 秒的时间内就

可以办到！

连续 10 次

继续学习接下来的内容之前，下面再做一个概率试验。前面我们讨论过扔硬币，

并提到连续多次正面朝上的可能性有多大。为什么不试一试呢？看看连续 10 次正面

朝上的情况多久出现一回？这种情况不常发生，所以我们必须扔很多很多次才能看

到这种情况出现。为什么不试试扔 1 000 000 次！如果是一个真正的硬币，这可能要

花……总之相当长的时间。

如果每 5 秒扔一次硬币，每分钟就会

扔 12 次，或者每小时扔 720 次。如果一

天扔 12 个小时的硬币（毕竟，你还得睡

觉和吃饭），每天可以扔大约 8640 次。所

以扔一百万次硬币大约需要 115 天（约 4 个

月）。不过利用计算机，我们几秒钟就可以完成。（嗯，

也许要几分钟，因为我们还得先写出程序。）

在这个程序中，除了扔硬币，还必须跟踪什么时候可

以得到连续 10 次正面朝上。有一种办法是使用一个用

来完成统计的变量，即计数器（counter）。

我们需要两个计数器。一个用于统计连续扔出多少个

正面朝上，名为 heads_in_row。另一个用于统计连续 10 次

正面朝上的情况出现多少次，名为 ten_heads_in_row。程序要做的工作如下：

得到正面朝上时，�� heads_in_row计数器增 1；
正面朝下时，�� heads_in_row计数器还原为 0；
heads_in_row�� 计数器达到 10 时，将 ten_heads_in_row计数器增 1，并设

置 heads_in_row计数器还原为 0，重新开始；

最后，打印一条消息，指出得到连续 10 次正面朝上的情况出现多少次。��

唉，我还得扔
多少次呀？
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代码清单 23-3 给出了完成这个工作的代码。

代码清单 23-3　查找连续 10 次正面朝上

319 CHAPTER 23 Take a Chance—Randomness

Listing 23.3 has some code to do this.

from random import *
coin = ["Heads", "Tails"]
heads_in_row = 0
ten_heads_in_row = 0
for i in range (1000000):
    if choice(coin) == "Heads":
        heads_in_row += 1
    else:

        heads_in_row = 0

    if heads_in_row == 10:
        ten_heads_in_row += 1
        heads_in_row = 0

print "We got 10 heads in a row", ten_heads_in_row, "times."

When I ran this program, it said

I ran the program a few times, and the number was always around 500. That means, in a mil-
lion coin tosses, we should expect to get 10 heads in a row about 500 times, or about once 
every 2,000 tosses (1,000,000 / 500 = 2,000).

Creating a deck of cards
Another kind of random event that’s used a lot in games is drawing a card. It’s random 
because the deck is shuffled, so you don’t know what card is coming next. And every time 
the deck is shuffled, the order is different.

With dice and coin tosses, we said that every toss has the same probability, because the 
coin (or die) has no memory. But that’s not true with cards. As you draw cards from the 
deck, there are fewer and fewer cards left (in most games, anyway). That changes the proba-
bility of drawing each one of the remaining cards.

For example, when you start with a full deck, the chances of drawing the 4 of Hearts is 1/52, 
or about 2 percent. This is because there are 52 cards in the deck, and only one 4 of Hearts. 
If you keep drawing (and haven’t drawn the 4 of Hearts yet), when you’re halfway through 
the deck, the chances of getting the 4 of Hearts are 1/26, or about 4 percent. By the time 
you reach the last card, if you still haven’t drawn the 4 of Hearts, the chances of drawing it 
are 1/1, or 100 percent. It’s certain that you’ll draw the 4 of Hearts next, because it’s the only 
card left.

Listing 23.3 Looking for 10 heads in a row

Flips the coin

Got 10 heads in a row, 
increments counter

We got 10 heads in a row 510 times.
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deck, there are fewer and fewer cards left (in most games, anyway). That changes the proba-
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扔硬币

连续 10 次正面朝上时， 
计数器增 1

运行这个程序时，得到这样的结果：

我运行了好几次这个程序，这个数总是在 500 左右。这说明，如果扔 100 万次

硬币，连续 10 次正面朝上的情况大约出现 500 次，或者大约每扔 2000 次硬币就会

得到连续 10 次正面朝上（1 000 000 / 500 = 2000）。

23.3　创建一副牌

游戏中经常使用的另一种随机事件是抽牌。这是随机的，因为会洗牌，所以你

不知道下一张是什么牌。每次洗牌时，顺序都不同。

至于掷骰子和扔硬币，我们说每次扔出都有相同的概率，因为硬币（或骰子）

没有记忆。不过纸牌就不同了。从一副牌中抽牌时，剩下的牌越来越少（大多数游

戏中都是如此）。这会改变抽出剩余各张牌的概率。

例如，开始时是一整副牌，抽出红桃 4 的机会是 1/52，或者大约 2%。这是因为

一副牌里有 52 张牌，而只有一张红桃 4。如果继续抽牌（还没有抽到红桃 4），整副

牌只剩下一半时，得到红桃 4 的机会就是 1/26，或者大约 4%。剩下最后一张牌时，

如果还没有抽到红桃 4，说明抽出红桃 4 的机会就是 1/1，或者 100%。可以肯定下

一个肯定会抽到红桃 4，因为只剩下这一张牌了。

为什么要告诉你所有这些呢？我只是想说明：如果要建立一个利用一副纸牌实

现的计算机游戏，就需要在整个过程中跟踪已经从这副牌中取走了哪些牌。要做到

这一点有一个很好的方法，就是利用列表。开始时列表中包含一副牌中的所有 52 张
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Listing 23.3 has some code to do this.

from random import *
coin = ["Heads", "Tails"]
heads_in_row = 0
ten_heads_in_row = 0
for i in range (1000000):
    if choice(coin) == "Heads":
        heads_in_row += 1
    else:

        heads_in_row = 0

    if heads_in_row == 10:
        ten_heads_in_row += 1
        heads_in_row = 0

print "We got 10 heads in a row", ten_heads_in_row, "times."

When I ran this program, it said

I ran the program a few times, and the number was always around 500. That means, in a mil-
lion coin tosses, we should expect to get 10 heads in a row about 500 times, or about once 
every 2,000 tosses (1,000,000 / 500 = 2,000).
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because the deck is shuffled, so you don’t know what card is coming next. And every time 
the deck is shuffled, the order is different.

With dice and coin tosses, we said that every toss has the same probability, because the 
coin (or die) has no memory. But that’s not true with cards. As you draw cards from the 
deck, there are fewer and fewer cards left (in most games, anyway). That changes the proba-
bility of drawing each one of the remaining cards.

For example, when you start with a full deck, the chances of drawing the 4 of Hearts is 1/52, 
or about 2 percent. This is because there are 52 cards in the deck, and only one 4 of Hearts. 
If you keep drawing (and haven’t drawn the 4 of Hearts yet), when you’re halfway through 
the deck, the chances of getting the 4 of Hearts are 1/26, or about 4 percent. By the time 
you reach the last card, if you still haven’t drawn the 4 of Hearts, the chances of drawing it 
are 1/1, or 100 percent. It’s certain that you’ll draw the 4 of Hearts next, because it’s the only 
card left.

Listing 23.3 Looking for 10 heads in a row

Flips the coin

Got 10 heads in a row, 
increments counter

We got 10 heads in a row 510 times.
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牌，我们使用 random.choice()函数随机地从这个列表中选牌。每选出一张牌，可

以使用 remove()把它从列表（这副牌）中删除。

洗牌

在一个真正的纸牌游戏中，我们

要洗牌，也就是说要把纸牌杂乱地混在

一起，让它们有一种随机的顺序。这样

一来，我们可以只取最上面的一张牌，这张牌

是随机的。不过利用 random.choice()函数，

总能从列表中随机选择。我们不必取“最上

面”的牌，所以“洗牌”没有意义。这就像把牌

摊开，说“选一张牌，随便哪张都行”。在一个纸牌游

戏中，如果每个人都这么做，这会很耗费时间，不过在计算机程

序中这非常容易。

纸牌对象

我们要使用一个列表作为“一副牌”。不过这些牌本身怎么表示？

如何存储每张牌呢？是存储为字符串还是整数？我们需要知道每张牌的哪些方面？

在纸牌游戏中，我们通常需要知道一张牌的 3
个方面。

花色�� —方块、红桃、梅花或黑桃。

点数�� —A、2、3，…10、J、Q、K。

分值�� —用数字编号的牌（2 到 10），通常

分值就等于牌的点数。对于 J、Q 和 K，分

值通常是 10，A 的分值可能是 1、11 或者

另外某个值，这要依具体游戏而定。

所以我们要跟踪这 3 个方面，而且需要用某种容器把它们汇集在一起。利用列

表可以做到，不过我们还必须记住每一项分别是什么。另一种办法是建立一个包含

右面属性的“牌”：
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So we need to keep track of these three things, and we need to keep them together in some 
kind of container. A list would work, but we’d have to remember which item was which. 
Another way is to make a “card” 
object that has attributes like these:

That’s what we’ll do. We’ll also add a couple more attributes called suit_id and rank_id: 

� suit_id is a number from 1 to 4 for the suit, where 
1 = Diamonds, 2 = Hearts, 3 = Spades, 4 = Clubs.

� rank_id is a number from 1 to 13, where 
1 = Ace 
2 = 2 
3 = 3
 . . . 
10 = 10
11 = Jack 
12 = Queen
13 = King.

The reason for adding these two attributes is so that we can easily use a nested for loop to 
make a deck of 52 cards. We can have an inner loop for the rank (1 to 13) and an outer loop 
for the suit (1 to 4). The __init__() method for the card object will take the suit_id and 
rank_id and create the other attributes of suit, rank, and value. It also makes it easy to com-
pare the rank of two cards to see which has the higher rank.

We should add two more attributes to make our card object easy to use in a program. When 
the program needs to print the card, it’ll want to print something like “4H” or “4 of Hearts”. 
For the face cards, it would be something like “JD” or “Jack of Diamonds”. We’ll add the attri-
butes short_name and long_name, so the program can easily print either a short or long 
description of the card.

Let’s make a class for a playing card. The code is shown in listing 23.4.

class Card:
    def __init__(self, suit_id, rank_id):
        self.rank_id = rank_id
        self.suit_id = suit_id

Listing 23.4 The Card class

card.suit
card.rank
card.value

下面就采用这种做法。我们还会增加另外两个属性 suit_id和 rank_id。

suit_id�� 表示花色，是一个从 1 到 4 的数，其中 1 = 方块，2 = 红桃，3 = 梅
花，4 ＝黑桃。

选一张牌，随
便哪张都行！

点数 分值 点数 分值

A 1 或 11 8 8

2 2 9 9

3 3 10 10

4 4 J 10

5 5 Q 10

6 6 K 10

7 7
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rank_id�� 是从 1 到 13 的数，其中

1 = A
2 = 2
3 = 3

10 = 10
11 = J
12 = Q
13 = K

增加这两个属性的原因是，这样我们可以很容易地使用一个嵌套 for 循环建立一

副 52 张牌。可以用一个内循环对应点数（1 到 13），另外用一个外循环对应花色（1
到 4）。纸牌对象的 __init__() 方法根据 suit_id 和 rank_id 创建其他属性 ( 花
色、点数和分值）。这样还可以很容易地比较两张牌的点数，看哪一张牌的点数更大。

还应当另外增加两个属性，来方便在程序中使用这个纸牌对象。程序需要打印

纸牌时，它可能希望打印类似“4H”或“4 of Hearts”（红桃 4）。对于花牌，可能打

印成“JD”或“Jack of Diamonds”（方块 J）。我们将增加属性 short_name和 long_

name，这样程序很容易就可以打印纸牌的不同描述（包括短名和长名）。

下面为纸牌建立一个类。见代码清单 23-4。

代码清单 23-4　Card类

321 CHAPTER 23 Take a Chance—Randomness

So we need to keep track of these three things, and we need to keep them together in some 
kind of container. A list would work, but we’d have to remember which item was which. 
Another way is to make a “card” 
object that has attributes like these:

That’s what we’ll do. We’ll also add a couple more attributes called suit_id and rank_id: 

� suit_id is a number from 1 to 4 for the suit, where 
1 = Diamonds, 2 = Hearts, 3 = Spades, 4 = Clubs.

� rank_id is a number from 1 to 13, where 
1 = Ace 
2 = 2 
3 = 3
 . . . 
10 = 10
11 = Jack 
12 = Queen
13 = King.

The reason for adding these two attributes is so that we can easily use a nested for loop to 
make a deck of 52 cards. We can have an inner loop for the rank (1 to 13) and an outer loop 
for the suit (1 to 4). The __init__() method for the card object will take the suit_id and 
rank_id and create the other attributes of suit, rank, and value. It also makes it easy to com-
pare the rank of two cards to see which has the higher rank.

We should add two more attributes to make our card object easy to use in a program. When 
the program needs to print the card, it’ll want to print something like “4H” or “4 of Hearts”. 
For the face cards, it would be something like “JD” or “Jack of Diamonds”. We’ll add the attri-
butes short_name and long_name, so the program can easily print either a short or long 
description of the card.

Let’s make a class for a playing card. The code is shown in listing 23.4.

class Card:
    def __init__(self, suit_id, rank_id):
        self.rank_id = rank_id
        self.suit_id = suit_id

Listing 23.4 The Card class

card.suit
card.rank
card.value
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        if self.rank_id == 1:                               
            self.rank = "Ace"                               
            self.value = 1                                  
        elif self.rank_id == 11:                            
            self.rank = "Jack"                              
            self.value = 10                                 
        elif self.rank_id == 12:                            
            self.rank = "Queen"                             
            self.value = 10                                 
        elif self.rank_id == 13:                            
            self.rank = "King"                              
            self.value = 10                                 
        elif 2 <= self.rank_id <= 10:                       
            self.rank = str(self.rank_id)
            self.value = self.rank_id                       
        else:
            self.rank = "RankError"                         
            self.value = -1
            
        if self.suit_id == 1:                               
            self.suit = "Diamonds"
        elif self.suit_id == 2:                             
            self.suit = "Hearts"                            
        elif self.suit_id == 3:                             
            self.suit = "Spades"                            
        elif self.suit_id == 4:                             
            self.suit = "Clubs"                             
        else:                                               
            self.suit = "SuitError"                         
        self.short_name = self.rank[0] + self.suit[0]
        if self.rank == '10':
            self.short_name = self.rank + self.suit[0]
        self.long_name = self.rank + " of " + self.suit

Listing 23.4 isn’t a complete program. It’s just the class definition for our Card class. Because 
this is something we could use over and over in different programs, maybe we should make 
it a module. Save the code in listing 23.4 as cards.py. 

The error checking in the code B makes sure that rank_id and suit_id are in range and 
that they are integers. If they aren’t, you would see something like “7 of SuitError” or 
“RankError of Clubs” when displaying the card in a program.

Now we need to make some instances of cards—in fact, a whole deck would be nice! To test 
our Card class, let’s make a program to create a deck of 52 cards and then pick 5 cards at 
random and display their attributes. Listing 23.5 has some code for that. 

import random
from cards import Card

Listing 23.5 Making a deck of cards

Creates rank and 
value attributes

Performs some 
error checkingB

Creates suit 
attribute

Imports our cards module

创建 rank 和 value 属性

...
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322 Hello World!

        if self.rank_id == 1:                               
            self.rank = "Ace"                               
            self.value = 1                                  
        elif self.rank_id == 11:                            
            self.rank = "Jack"                              
            self.value = 10                                 
        elif self.rank_id == 12:                            
            self.rank = "Queen"                             
            self.value = 10                                 
        elif self.rank_id == 13:                            
            self.rank = "King"                              
            self.value = 10                                 
        elif 2 <= self.rank_id <= 10:                       
            self.rank = str(self.rank_id)
            self.value = self.rank_id                       
        else:
            self.rank = "RankError"                         
            self.value = -1
            
        if self.suit_id == 1:                               
            self.suit = "Diamonds"
        elif self.suit_id == 2:                             
            self.suit = "Hearts"                            
        elif self.suit_id == 3:                             
            self.suit = "Spades"                            
        elif self.suit_id == 4:                             
            self.suit = "Clubs"                             
        else:                                               
            self.suit = "SuitError"                         
        self.short_name = self.rank[0] + self.suit[0]
        if self.rank == '10':
            self.short_name = self.rank + self.suit[0]
        self.long_name = self.rank + " of " + self.suit

Listing 23.4 isn’t a complete program. It’s just the class definition for our Card class. Because 
this is something we could use over and over in different programs, maybe we should make 
it a module. Save the code in listing 23.4 as cards.py. 

The error checking in the code B makes sure that rank_id and suit_id are in range and 
that they are integers. If they aren’t, you would see something like “7 of SuitError” or 
“RankError of Clubs” when displaying the card in a program.

Now we need to make some instances of cards—in fact, a whole deck would be nice! To test 
our Card class, let’s make a program to create a deck of 52 cards and then pick 5 cards at 
random and display their attributes. Listing 23.5 has some code for that. 

import random
from cards import Card

Listing 23.5 Making a deck of cards

Creates rank and 
value attributes

Performs some 
error checkingB

Creates suit 
attribute

Imports our cards module

代码
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This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

中的错误检查确保 rank_id和 suit_id在正常范围内，而且是整数。否
则，在程序中显示纸牌时你就会看到诸如“7 of SuitError” 或“RankError of Clubs” 
之类的错误结果。

设置 short_name的代码只是取了纸牌点数（6 或者 Jack）的数字或者第一个字

母以及花色（Diamonds）的第一个字母，然后将它们放在一起。比如红桃 K（King 
of Hearts），其 short_name就是 KH。再比如黑桃 6（6 of Spades），其 short_name

就是 6S。

代码清单 23-4 不是一个完整的程序。这只是 Card类的类定义。因为这个类可

以在不同程序中反复使用，可能应该把它建立为一个模块。把代码清单 23-4 的代码

保存为 cards.py。

现在需要建立纸牌的一些实例—实际上，我们完全可以建立一整副牌！要测

试我们的 Card类，下面建立一个程序，创建一副 52 张的牌，然后随机选 5 张并显

示它们的属性。代码清单 23-5 提供了相应代码。

代码清单 23-5　建立一副牌
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        if self.rank_id == 1:                               
            self.rank = "Ace"                               
            self.value = 1                                  
        elif self.rank_id == 11:                            
            self.rank = "Jack"                              
            self.value = 10                                 
        elif self.rank_id == 12:                            
            self.rank = "Queen"                             
            self.value = 10                                 
        elif self.rank_id == 13:                            
            self.rank = "King"                              
            self.value = 10                                 
        elif 2 <= self.rank_id <= 10:                       
            self.rank = str(self.rank_id)
            self.value = self.rank_id                       
        else:
            self.rank = "RankError"                         
            self.value = -1
            
        if self.suit_id == 1:                               
            self.suit = "Diamonds"
        elif self.suit_id == 2:                             
            self.suit = "Hearts"                            
        elif self.suit_id == 3:                             
            self.suit = "Spades"                            
        elif self.suit_id == 4:                             
            self.suit = "Clubs"                             
        else:                                               
            self.suit = "SuitError"                         
        self.short_name = self.rank[0] + self.suit[0]
        if self.rank == '10':
            self.short_name = self.rank + self.suit[0]
        self.long_name = self.rank + " of " + self.suit

Listing 23.4 isn’t a complete program. It’s just the class definition for our Card class. Because 
this is something we could use over and over in different programs, maybe we should make 
it a module. Save the code in listing 23.4 as cards.py. 

The error checking in the code B makes sure that rank_id and suit_id are in range and 
that they are integers. If they aren’t, you would see something like “7 of SuitError” or 
“RankError of Clubs” when displaying the card in a program.

Now we need to make some instances of cards—in fact, a whole deck would be nice! To test 
our Card class, let’s make a program to create a deck of 52 cards and then pick 5 cards at 
random and display their attributes. Listing 23.5 has some code for that. 

import random
from cards import Card

Listing 23.5 Making a deck of cards

Creates rank and 
value attributes

Performs some 
error checkingB

Creates suit 
attribute

Imports our cards module

完成一些 
错误检查

创建 
suit 属性
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deck = [] 
for suit_id in range(1, 5):
    for rank_id in range(1, 14):
        deck.append(Card(suit_id, rank_id))
 
hand = []
for cards in range(0, 5):
    a = random.choice(deck)
    hand.append(a)
    deck.remove(a)

print    
for card in hand:
    print card.short_name, '=' ,card.long_name, "  Value:", card.value

The inner loop goes through each card in the suit, and the outer loop goes through each 
suit B (13 cards * 4 suits = 52 cards). Then the code picks five cards from the deck and puts 
them in a hand C. It also removes the cards from the deck.

If you run the code in listing 23.5, 
you should get something like this:

If you run it again, you should get five different cards. And no matter how many times you 
run it, you should never get the same card twice in one hand. 

So now we can make a deck of cards and randomly draw cards from it to add them to a 
hand. It sounds like we have the basic things we need to make a card game! In the next sec-
tion, we’ll make a card game that you can play against the computer.

Crazy Eights
You might have heard of a card game called “Crazy Eights.” You might even have played it. 

One thing about card games on the com-
puter is that it’s difficult to have multiple 
players. That’s because, in most card 
games, you’re not supposed to see the 
other players’ cards. If everyone is look-
ing at the same computer, everybody 
will see everyone else’s cards. So the best 

Uses nested for 
loops to make a deckB

Picks 5 cards from the 
deck to make a handC

7D = 7 of Diamonds   Value: 7
9H = 9 of Hearts   Value: 9
KH = King of Hearts   Value: 10
6S = 6 of Spades   Value: 6
KC = King of Clubs   Value: 10

使用嵌套 for 
循环建立一副牌

导入 Card 模块
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deck = [] 
for suit_id in range(1, 5):
    for rank_id in range(1, 14):
        deck.append(Card(suit_id, rank_id))
 
hand = []
for cards in range(0, 5):
    a = random.choice(deck)
    hand.append(a)
    deck.remove(a)

print    
for card in hand:
    print card.short_name, '=' ,card.long_name, "  Value:", card.value

The inner loop goes through each card in the suit, and the outer loop goes through each 
suit B (13 cards * 4 suits = 52 cards). Then the code picks five cards from the deck and puts 
them in a hand C. It also removes the cards from the deck.

If you run the code in listing 23.5, 
you should get something like this:

If you run it again, you should get five different cards. And no matter how many times you 
run it, you should never get the same card twice in one hand. 

So now we can make a deck of cards and randomly draw cards from it to add them to a 
hand. It sounds like we have the basic things we need to make a card game! In the next sec-
tion, we’ll make a card game that you can play against the computer.

Crazy Eights
You might have heard of a card game called “Crazy Eights.” You might even have played it. 

One thing about card games on the com-
puter is that it’s difficult to have multiple 
players. That’s because, in most card 
games, you’re not supposed to see the 
other players’ cards. If everyone is look-
ing at the same computer, everybody 
will see everyone else’s cards. So the best 

Uses nested for 
loops to make a deckB

Picks 5 cards from the 
deck to make a handC

7D = 7 of Diamonds   Value: 7
9H = 9 of Hearts   Value: 9
KH = King of Hearts   Value: 10
6S = 6 of Spades   Value: 6
KC = King of Clubs   Value: 10

从一副牌中选 5 
张牌作为一手牌
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This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

内循环处理一种花色中的每张牌，外循环处理每种花色（13 张牌 × 4 种花色

= 52 张牌）。
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This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

然后代码从这副牌中选出 5 张，放在手中（形成一手牌）。另外还要

从这副牌中删除选出的这些牌。

如果运行代码清单 23-5 中的代码，应该能得到类似下面的结果：
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deck = [] 
for suit_id in range(1, 5):
    for rank_id in range(1, 14):
        deck.append(Card(suit_id, rank_id))
 
hand = []
for cards in range(0, 5):
    a = random.choice(deck)
    hand.append(a)
    deck.remove(a)

print    
for card in hand:
    print card.short_name, '=' ,card.long_name, "  Value:", card.value

The inner loop goes through each card in the suit, and the outer loop goes through each 
suit B (13 cards * 4 suits = 52 cards). Then the code picks five cards from the deck and puts 
them in a hand C. It also removes the cards from the deck.

If you run the code in listing 23.5, 
you should get something like this:

If you run it again, you should get five different cards. And no matter how many times you 
run it, you should never get the same card twice in one hand. 

So now we can make a deck of cards and randomly draw cards from it to add them to a 
hand. It sounds like we have the basic things we need to make a card game! In the next sec-
tion, we’ll make a card game that you can play against the computer.

Crazy Eights
You might have heard of a card game called “Crazy Eights.” You might even have played it. 

One thing about card games on the com-
puter is that it’s difficult to have multiple 
players. That’s because, in most card 
games, you’re not supposed to see the 
other players’ cards. If everyone is look-
ing at the same computer, everybody 
will see everyone else’s cards. So the best 

Uses nested for 
loops to make a deckB

Picks 5 cards from the 
deck to make a handC

7D = 7 of Diamonds   Value: 7
9H = 9 of Hearts   Value: 9
KH = King of Hearts   Value: 10
6S = 6 of Spades   Value: 6
KC = King of Clubs   Value: 10

再运行这个代码，会得到 5 张不同的牌。不论你运行多少次，都不会有同一张

牌在手中出现两次的情况。

现在我们可以建立一副牌，并且可以从中随机地抽牌，增加到自己手中。听起

来已经万事俱备，可以建立一个纸牌游戏了！在下一节，我们会建立一个纸牌游戏，

这样你就可以与计算机玩这个游戏了。

23.4　Crazy Eights
你可能听说过一个叫做 Crazy 

Eights ①的纸牌游戏，可能还玩过。

计算机上的纸牌游戏都存在一

个问题：这些游戏很难有多个玩家。

这是因为，在大多数纸牌游戏中，

都不希望你看到其他玩家的牌。如

果每个人都在看同一台计算机，那么每个人都会看到所有其他人的牌。所以在计算

机上玩纸牌游戏时，最好只有两个玩家，也就是你和计算机。Crazy Eights 就是这种

适合两个玩家的游戏，下面就来建立一个 Crazy Eights 游戏，用户可以和计算机玩这

个游戏。

① 这就类似于“变色龙”纸牌游戏。—译者注
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这里给出这个程序的规则。这是一个有两个玩家参与的游戏。每个玩家有 5 张

牌，其他的牌都面朝下扣着。翻开一张牌，开始出牌。这个游戏的目标是要在另一

个人之前而且在取完一副牌之前出光所有牌。

(1) 每一轮，玩家必须做下面的操作之一：

出一张牌，要与翻开的牌花色相同；��

出一张牌，要与翻开的牌点数相同；��

出一张 8。��

(2) 如果玩家出了一张 8，他可以“叫花色”，这说明他可以选择花色，下一个玩

家要根据这个花色出牌。

(3) 如果玩家无法出牌，必须从这副牌中选择一张牌，增加到自己手中。

(4) 如果玩家出光了手中的所有牌，他就赢了，根据另一个玩家手中剩余的牌计

算得分：

每个 8 得 50 分；��

每个花牌（J、Q 和 K）得 10 分；��

每个其他的牌按分值得分；��

每个 A 得 1 分。��

(5)  如果一副牌发光时仍没有人获胜，游戏结束。在这种情况下，每个玩家会根

据对方剩余的牌计算得分。

(6) 可以一直玩到达到某个总分，或者直到你累了，得分最高的获胜。

首先要对我们的纸牌对象稍做点修改。Crazy Eights 中的分值与前面基本上一

样，只是 8 除外，它的分值是 50 分而不是 8 分。可以修改 Card类中的 __init__方

法，让 8 值 50 分，不过这会影响可能用到 cards模块的所有其他游戏。最好在主程

序中做这个修改，而类定义不变。我们可以这样做：
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card games for playing on the computer are those where you can play with just two players 
—you against the computer. Crazy Eights is one of those games that works well with two 
players, so we’re going to make a Crazy Eights game where the user plays against the com-
puter.

Here are the rules for our program. It is a game for two players. Each player gets five cards. 
The rest of the cards are placed face down, and then one card is turned face up to start the 
discard pile. The object of the game is to get rid of all your cards before anyone else and 
before the deck runs out.

1 At each turn, a player has to do one of the following:
� play a card of the same suit as the up card.
� play a card of the same rank as the up card.
� play an 8.

2 If the player plays an 8, he can “call the suit,” which means he gets to choose the suit 
that the next player is trying to match.

3 If the player can’t play any of his cards, he must pick up a card from the deck and add 
it to his hand.

4 If a player gets rid of all his cards, he wins that game, and gets points depending on 
what the other player has left in his hand:

� 50 points for each 8.
� 10 points for each face card.
� face value for every other card.
� 1 point for each Ace.

5 If the deck runs out and no one can make a play, the game is over. In that case, both 
players get points for the other player’s remaining cards. 

6 You can play up to a certain point total, or just keep playing until you’re tired, and the 
one with the most points wins.

The first thing we should do is modify some of our card objects a bit. The point values in 
Crazy Eights are mostly the same as what we had before, except for the 8, which is worth 50 
points instead of 8 points. We could change the __init__ method in our Card class to make 
8s worth 50 points, but that would affect every other game that might use the cards mod-
ule. It would be better to make the change in the main program and leave the class defini-
tion alone. Here’s one way we could do it: deck = []

for suit in range(1, 5):
    for rank in range(1, 14):
        new_card = Card(suit, rank)
        if new_card.rank == 8:
            new_card.value = 50
        deck.append(new_card)

在这里，将新牌增加到一副牌之前，要检查它是不是一个 8。如果是，就把它的

分值设置为 50。 

现在已经做好准备，可以具体建立游戏了。程序需要做以下工作。

跟踪面朝上的牌。��

得到玩家的下一步选择（出牌还是抽牌）。��
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如果玩家想出牌，要确保出牌是合法的：��

■ 这张牌必须是合法的牌；

■ 这张牌必须在玩家的手里；

■ 这张牌要与面朝上的牌花色或点数一致，或者是一个 8。
如果玩家出一张 8，叫一个新的花色（并确保选择的是一个合法的花色）。��

轮到计算机选择（稍后介绍）。��

确定游戏何时结束。��

统计得分。��

在本章后面，我们会逐条地完成上面的各项工作。其中一些工作只需一行或两

行代码就可以完成，有些可能稍长一些。对这些稍长的代码，我们会创建函数，以

便从主循环调用。

主循环

介绍具体细节之前，首先要明白程序的主循环。基本说来，玩家和计算机必须轮

流选择（出牌或抽牌），直到有人获胜或者双方都无法继续。如代码清单 23-6 所示。

代码清单 23-6　Crazy Eights 的主循环
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Here, before adding the new card to the deck, we check to see if it’s an 8. If it is, we set its 
value to 50.

Now we’re ready to start making the game itself. Here are some of the things our program 
will need to do:

� Keep track of the face-up card.
� Get the player’s choice of what to do (play a card or draw a card).
� If the player tries to play a card, make sure the play is valid:

� The card must be a valid card.
� The card must be in the player’s hand.
� The card must either match the rank or suit of the face-up card or be an 8.

� If the player plays an 8, ask for the new suit (and make sure the choice is a valid suit).
� Play the computer’s turn (more on that shortly).
� Determine when the game is over.
� Count up the points.

In the rest of the chapter, we’ll go through these points one by one. Some of them will need 
just a line or two of code, and some will be a bit longer. For the longer ones, we’ll create 
functions that we can call from the main loop.

The main loop

Before we get into the details, let’s figure out what the main loop of the program will look 
like. Basically, we have to alternate turns between the player and the computer until some-
body wins or both are blocked. The code will look something like listing 23.6.

init_cards()
while not game_done:
    blocked = 0
    player_turn()
    if len(p_hand) == 0:
       game_done = True                                                  
       print                                                             
       print "You won!"                                                  
    if not game_done:                                                     
       computer_turn()
    if len(c_hand) == 0:
       game_done = True                                                  
       print                                                             
       print "Computer won!"                                             
    if blocked >= 2:
       game_done = True
       print "Both players blocked.  GAME OVER."

Listing 23.6 The main loop of Crazy Eights

Player’s turn

Player’s hand (p_hand) has 
no cards left, so player wins

Computer’s turn

Computer’s hand (c_hand) has 
no cards left, so computer wins

Both players are blocked, 
so game endsB

主循环部分要确定游戏何时结束。可能在玩家或计算机出完手上的所有牌时结

束，也可能双方手上都还有牌但是都无法继续（也就是说双方都不能合法地出牌），

此时游戏也会结束。轮到玩家出牌时，如果玩家无法继续，会在相应代码中设置

blocked变量，轮到计算机出牌时，如果计算机无法继续，同样会在相应代码中设置

blocked变量。
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This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

我们会一直等到 blocked = 2，确保玩家和计算机都无法继续。

注意代码清单 23-6 不是一个完整的程序，所以如果试图运行这个代码，你会得

轮到玩家

轮到计算机

玩家手中（p_hand） 
已经没有牌，所以玩家获胜

计算机手中（c_hand） 
已经没有牌，所以计算机获胜

双方都无法继续， 
所以游戏结束
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到一条错误消息。这只是一个主循环。我们还需要其他部分来构成一个完整的程序。

这个代码对应一次游戏。如果希望继续玩多次，可以把整个代码包在另一个外

部 while循环中：

这就得到了程序的

主结构。下面需要增加

各个部分来实现我们需

要的功能。

像程序员一样思考

前面描述的方法称为“自顶向下”编程

方法。

这种方法先从需求大纲开始，然后填入

具体细节。

另一种方法叫做“自下而上”编程。采

用这种方法时，首先创建各个部分，如“轮

到玩家出牌”、“轮到计算机出牌”等，然后

把它们放在一起，就像搭积木一样。

这两种方法各有优缺点。究竟选择哪一

种方法不是这本书要讨论的主题。但是我想

你应当知道可以采用不同的方法来构建一个

程序。
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inecountself.header_written=1;self.count=1;self.page=self.page+1#!/bin/env

pr

int>>>Helloif#

print>>>Helloif
#

print
>>>Hello

if
#

明牌

最开始发牌时，要从一副牌中选一张牌翻过来面朝上，作为不要的一堆牌（弃

牌堆）中的第一张牌。玩家出牌时，他出的这张牌也要面朝上放在弃牌堆中。弃牌

堆中显示的牌叫做明牌（up card）。可以为弃牌堆建立一个列表来跟踪明牌，具体做

法与代码清单 23-5 的测试代码中为“一手牌”建立列表相同。不过我们并不关心弃

牌堆中的所有牌。我们只关心最后增加的那张牌。所以可以使用 Card对象的一个实

例来跟踪这张牌。

玩家或计算机出牌时，我们会这样做：
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The face-up card
When the hand is first dealt, one card from the deck is turned up to start the discard pile. 
When any player plays a card, it goes on the discard pile, face up. The card that’s showing 
on the discard pile at any time is called the up card. We could keep track of this by making a 
list for the discard pile, the same way we made a list for the “hand” in our test code in listing 
23.5. But we don’t really care about all the cards in the discard pile. We only care about the 
last card added to it. So we can just use a single instance of a Card object to keep track of it.

When the player or computer plays 
a card, we’ll do something like this:

The active suit
Usually, the active suit (the one the player or computer is trying to match) is the same as 
the suit of the up card. But there’s an exception. When an 8 has been played, the player calls 
the suit. So if he plays the 8 of Diamonds, he might call Clubs as the suit. That means that 
the next play must match Clubs, even though a Diamond (the 8 of Diamonds) is showing.

This means we need to keep track of the active suit, because it might be different from the 
suit that’s showing. We can use a 
variable, active_suit, to do this:

Whenever a card is played, we’ll update the active suit, and when a player plays an 8, he’ll 
choose the new active suit.

The player’s turn

When it’s the player’s turn, the first thing we need to do is get his choice of what to do. He 
can play a card from his hand (if possible) or draw from the deck. If we were making a GUI 
version of this program, we’d have the player click the card he wanted to play, or click the 
deck to draw. But we’re going to start with a text-based version of the program, so he’ll 
have to type in a choice, and then we’ll have to check what he typed and figure out what he 
wants to do and whether that input is valid. 

To give you an idea of what kind of input the player will need to provide, we’ll look at a 
sample game. The player’s input is in bold.

Crazy Eights

Your hand: 4S, 7D, KC, 10D, QS    Up Card:  6C
What would you like to do?  Type a card name or "Draw" to take a card:  KC
You played the KC (King of Clubs)
Computer plays 8S  (8 of spades) and changes suit to Diamonds

hand.remove(chosen_card)
up_card = chosen_card

active_suit = card.suit
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Part of the main loop is figuring out when the game is over. It can be over when either the 
player or the computer is out of cards. It can also be over if neither of them is out of cards 
but both of them are blocked (that is, they have no valid plays). The blocked variable is set 
in the code for the player’s turn (if the player is blocked) and the computer’s turn (if the 
computer is blocked). We wait until blocked = 2, to make sure both player and computer 
are blocked B.

Note that listing 23.6 is not a complete program, so if you try to run it, you will get an error.  
It is just the main loop.  We still need all the other parts to make the program complete.

This code is for a single game. If we want to keep playing more games, we can wrap the 
whole thing in 
another, outer while loop:

This gives us the main structure of the program. Now we need to add the individual pieces 
to do what we need. 

done = False
p_total = c_total = 0
while not done:  
   [play a game... see listing 23.6]
play_again = raw_input("Play again (Y/N)? ")
    if play_again.lower().startswith('y'):
        done = False
    else:
        done = True

#!/bin/env python # Paginate a text file, adding a header and footer import sys, time, string # If no arguments were given, print a helpful message if l
en(s
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ine count self.header_written=1 ; self.count=1 ; self.page=self.page+1 #!/bin/env 

Thinking like a programmer
The approach described above is called 
"top-down" programming. 

That's where you start with the outline 
of what is needed and then fill in the 
details.

Another way to do it is "bottom-up". In 
that method, you would first create all 
the individual parts, like the player's 
turn, the computer's turn, etc., and then 
put them together like building blocks.

Both approaches have advantages and 
disadvantages. Deciding how to choose one 
over the other is not a topic for this 
book. But I thought you should know that 
there are different ways to tackle build-
ing a program.

pr

int >>>Hello if #

print >>>Hello if
 #

print >>>Hello i
f 

#
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当前花色

通常，当前花色就是明牌的花色，玩家或计算机出牌时要与这个花色一致。不过，

也有例外。出一张 8 时，玩家可以叫花色。所以如果玩家出了一张方块 8，他可能会叫

花色为黑桃。这意味着下一张牌必须是黑桃，尽管现在显示的是方块（方块 8）。

这说明，我们需要跟踪当前花色，因为它可能与现在显示的花色不同。可以使

用一个变量 active_suit来做到：
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The face-up card
When the hand is first dealt, one card from the deck is turned up to start the discard pile. 
When any player plays a card, it goes on the discard pile, face up. The card that’s showing 
on the discard pile at any time is called the up card. We could keep track of this by making a 
list for the discard pile, the same way we made a list for the “hand” in our test code in listing 
23.5. But we don’t really care about all the cards in the discard pile. We only care about the 
last card added to it. So we can just use a single instance of a Card object to keep track of it.

When the player or computer plays 
a card, we’ll do something like this:

The active suit
Usually, the active suit (the one the player or computer is trying to match) is the same as 
the suit of the up card. But there’s an exception. When an 8 has been played, the player calls 
the suit. So if he plays the 8 of Diamonds, he might call Clubs as the suit. That means that 
the next play must match Clubs, even though a Diamond (the 8 of Diamonds) is showing.

This means we need to keep track of the active suit, because it might be different from the 
suit that’s showing. We can use a 
variable, active_suit, to do this:

Whenever a card is played, we’ll update the active suit, and when a player plays an 8, he’ll 
choose the new active suit.

The player’s turn

When it’s the player’s turn, the first thing we need to do is get his choice of what to do. He 
can play a card from his hand (if possible) or draw from the deck. If we were making a GUI 
version of this program, we’d have the player click the card he wanted to play, or click the 
deck to draw. But we’re going to start with a text-based version of the program, so he’ll 
have to type in a choice, and then we’ll have to check what he typed and figure out what he 
wants to do and whether that input is valid. 

To give you an idea of what kind of input the player will need to provide, we’ll look at a 
sample game. The player’s input is in bold.

Crazy Eights

Your hand: 4S, 7D, KC, 10D, QS    Up Card:  6C
What would you like to do?  Type a card name or "Draw" to take a card:  KC
You played the KC (King of Clubs)
Computer plays 8S  (8 of spades) and changes suit to Diamonds

hand.remove(chosen_card)
up_card = chosen_card

active_suit = card.suit

只要出一张牌，我们就会更新当前花色，玩家出一张 8 时，他会选择新的当前

花色。

轮到玩家选择

轮到玩家出牌时，首先我们要得到他选择做什么。他可能从手中出一张牌（如

果可能的话），或者从这副牌中抽一张牌。如果建立这个程序的一个 GUI 版本，我

们会让玩家点击他想出的牌，或者点击这副牌来抽牌。不过现在先建立这个程序的

一个基于文本的版本，所以玩家必须键入他的选择，然后我们要检查他键入的内容，

明确他想做什么，还要检查输入是否合法。

玩家需要提供什么样的输入呢？为了让你对这些输入有所认识，下面看一个示

例游戏。玩家的输入用粗体显示：

Crazy Eights

Your hand: 4S, 7D, KC, 10D, QS    Up Card:  6C

What would you like to do?  Type a card name or "Draw" to take a card:  KC
You played the KC (King of Clubs)

Computer plays 8S  (8 of spades) and changes suit to Diamonds

Your hand:  4S, 7D, 10D, QS   Up Card:  8S    Suit:  Diamonds

What would you like to do?  Type a card name or "Draw" to take a card: 10D
You played 10D (10 of Diamonds)

Computer plays QD (Queen of Diamonds)

Your hand:  4S, 7D QS   Up card:  QD

What would you like to do?  Type a card name or "Draw" to take a card: 7D
You played 7D (7 of Diamonds)

Computer plays 9D (9 of Diamonds)

Your hand:  4S, QS   Up card: 9D

What would you like to do?  Type a card name or "Draw" to take a card: QM
That is not a valid card.  Try again:  QD
You do not have that card in your hand.  Try again: QS
That is not a legal play. You must match suit, match rank, play an 8, or draw a card

Try again: Draw
You drew 3C

Computer draws a card

Your hand:  4S, QS, 3C   Up card:  9D

What would you like to do?  Type a card name or "Draw" to take a card: Draw
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328 Hello World!

This isn’t a complete game, but you get the idea. The player has to type in things like QS or 
Draw to tell the program his choice. The program has to check that what the player typed in 
makes sense. We’ll use some string methods (from chapter 21) to help us with that.

Displaying the hand

Before we ask the player what he wants to do, we should show him what cards are in his 
hand and what the up 
card is. Here’s some code for that:

Your hand:  4S, 7D, 10D, QS   Up Card:  8S    Suit:  Diamonds
What would you like to do?  Type a card name or "Draw" to take a card: 10D
You played 10D (10 of Diamonds)
Computer plays QD (Queen of Diamonds)

Your hand:  4S, 7D QS   Up card:  QD
What would you like to do?  Type a card name or "Draw" to take a card: 7D
You played 7D (7 of Diamonds)
Computer plays 9D (9 of Diamonds)

Your hand:  4S, QS   Up card: 9D
What would you like to do?  Type a card name or "Draw" to take a card: QM
That is not a valid card.  Try again:  QD
You do not have that card in your hand.  Try again: QS
That is not a legal play.  You must match suit, match rank, play an 8, or draw a 

card
Try again: Draw
You drew 3C
Computer draws a card

Your hand:  4S, QS, 3C   Up card:  9D
What would you like to do?  Type a card name or "Draw" to take a card: Draw
You drew 8C
Computer plays 2D

Your hand:  4S, QS, 3C, 8C   Up card:  2D
What would you like to do?  Type a card name or "Draw" to take a card: 8C
You played 8C (8 of Clubs)
Your hand:  4S, QS, 3C   Pick a suit: S
You picked spades
Computer draws a card

Your hand:  4S, QS, 3C   Up card: 8C   Suit:  Spades
What would you like to do?  Type a card name or "Draw" to take a card: QS
You played QS (Queen of Spades)
   .
   .
   .

print "\nYour hand: ",
for card in p_hand:
    print card.short_name,
print "   Up card: ", up_card.short_name

尽管这还不是一个完整的游戏，不过你应该已经有些了解了。玩家必须键入 QS

或 Draw之类的文本，把他的选择告诉程序。程序要检查玩家键入的内容是合法的。

这里将要使用一些字符串方法（第 21 章中介绍的方法）来提供帮助。

显示手中的牌

询问玩家想要做什么之前，我们应当为他显示他手中有哪些牌以及明牌是什么。

下面是相关的代码： print "\nYour hand: ",

for card in p_hand:

    print card.short_name,

print "   Up card: ",    up_card.short_name

如果出了一张 8，我们还要告诉他当前花色是什么。所以下面再增加几行代码，

如代码清单 23-7 所示。

代码清单 23-7　显示玩家手中的牌
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If an 8 has been played, we also need to tell him what the active suit is. So let’s add a couple 
more lines, as shown in listing 23.7.

print "\nYour hand: ",
for card in p_hand:
    print card.short_name,
print "   Up card: ", up_card.short_name
if up_card.rank == '8':
    print"   Suit is", active_suit 

Just like listing 23.6, listing 23.7 is not a complete program. We are still building up the 
parts we need to make a complete program. But when the code in listing 23.7 runs (as part 
of the complete program), it gives output like this:

If you wanted to use the long names for the cards instead of the short names, the output 
would look something like this:

In our examples, we’ll use the short names.

Getting the player’s choice

Now we need to ask the player what he wants to do and process his response. He has two 
main choices:

� play a card
� draw a card

If he decides to play a card, we need to make sure that the play is valid. We said before that 
we need to check three things:

� Is his choice a valid card? (Did he try to play the 4 of Marshmallows?)
� Is the card in his hand?
� Is the chosen card a legal play? (Does it match the rank or suit of the up card, or is

it an 8?)

But if you think about it, his hand can only have valid cards in it. So if we check that the card 
is in his hand, we don’t have to worry about checking whether it is valid. He can’t have the 4 
of Marshmallows in his hand, because it never existed in the deck.

Listing 23.7 Displaying what’s in the player’s hand

Your hand:  4S, QS, 3C   Up card: 8C   Suit:  Spades

Your hand:  4 of Spades, Queen of Spades, 3 of Clubs
Up Card:  8 of Clubs    Suit:  Spades

就像代码清单 23-6 一样，代码清单 23-7 也不是一个完整的程序。我们还需要构

建其他部分才能建立一个完整的程序。不过运行代码清单 23-7 中的代码时（作为完

整程序的一部分），它会给出类似下面的输出：
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If an 8 has been played, we also need to tell him what the active suit is. So let’s add a couple 
more lines, as shown in listing 23.7.

print "\nYour hand: ",
for card in p_hand:
    print card.short_name,
print "   Up card: ", up_card.short_name
if up_card.rank == '8':
    print"   Suit is", active_suit 

Just like listing 23.6, listing 23.7 is not a complete program. We are still building up the 
parts we need to make a complete program. But when the code in listing 23.7 runs (as part 
of the complete program), it gives output like this:

If you wanted to use the long names for the cards instead of the short names, the output 
would look something like this:

In our examples, we’ll use the short names.

Getting the player’s choice

Now we need to ask the player what he wants to do and process his response. He has two 
main choices:

� play a card
� draw a card

If he decides to play a card, we need to make sure that the play is valid. We said before that 
we need to check three things:

� Is his choice a valid card? (Did he try to play the 4 of Marshmallows?)
� Is the card in his hand?
� Is the chosen card a legal play? (Does it match the rank or suit of the up card, or is

it an 8?)

But if you think about it, his hand can only have valid cards in it. So if we check that the card 
is in his hand, we don’t have to worry about checking whether it is valid. He can’t have the 4 
of Marshmallows in his hand, because it never existed in the deck.

Listing 23.7 Displaying what’s in the player’s hand

Your hand:  4S, QS, 3C   Up card: 8C   Suit:  Spades

Your hand:  4 of Spades, Queen of Spades, 3 of Clubs
Up Card:  8 of Clubs    Suit:  Spades

如果想使用纸牌的长名而不是短名，输出会像这样：
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If an 8 has been played, we also need to tell him what the active suit is. So let’s add a couple 
more lines, as shown in listing 23.7.

print "\nYour hand: ",
for card in p_hand:
    print card.short_name,
print "   Up card: ", up_card.short_name
if up_card.rank == '8':
    print"   Suit is", active_suit 

Just like listing 23.6, listing 23.7 is not a complete program. We are still building up the 
parts we need to make a complete program. But when the code in listing 23.7 runs (as part 
of the complete program), it gives output like this:

If you wanted to use the long names for the cards instead of the short names, the output 
would look something like this:

In our examples, we’ll use the short names.

Getting the player’s choice

Now we need to ask the player what he wants to do and process his response. He has two 
main choices:

� play a card
� draw a card

If he decides to play a card, we need to make sure that the play is valid. We said before that 
we need to check three things:

� Is his choice a valid card? (Did he try to play the 4 of Marshmallows?)
� Is the card in his hand?
� Is the chosen card a legal play? (Does it match the rank or suit of the up card, or is

it an 8?)

But if you think about it, his hand can only have valid cards in it. So if we check that the card 
is in his hand, we don’t have to worry about checking whether it is valid. He can’t have the 4 
of Marshmallows in his hand, because it never existed in the deck.

Listing 23.7 Displaying what’s in the player’s hand

Your hand:  4S, QS, 3C   Up card: 8C   Suit:  Spades

Your hand:  4 of Spades, Queen of Spades, 3 of Clubs
Up Card:  8 of Clubs    Suit:  Spades

在我们的例子中，我们将使用短名。

得到玩家的选择

现在我们需要询问玩家想做什么，并处理他的响应。他主要有两种选择：

出一张牌��

抽一张牌��

如果他决定出一张牌，我们需要确保这张牌是合法的。之前说过，需要检查 3
个方面。

他选择的是一张合法的牌吗？（他是不是想出一张“蜀葵”4 ？）��

这张牌在他手里吗？��

选择的这张牌能合法出牌吗？（是否与明牌的点数或花色一致，或者是不是��

一张 8 ？）

不过如果再考虑一下，可以想到：他手里只能有合法的牌。所以如果我们检查

到这张牌确实在他手里，就不用再考虑检查这张牌是否合法。他手里不可能有类似

“蜀葵”4 之类的牌，因为这在一副牌

中根本不存在。

下面的代码可以得到并验证玩家

的选择，见代码清单 23-8。

代码清单 23-8　得到玩家的选择

                card = random.choice(deck)                         

                p_hand.append(card)                                 

                deck.remove(card)                                 

                print "You drew", card.short_name                 

            else:                                                   

                print "There are no cards left in the deck"       

                blocked += 1                                       

            return                                               

        else:

            for card in p_hand:

                if response.upper() == card.short_name:

                    selected_card = card

            if selected_card == None:

                response = raw_input("You don't have that card. Try again:")

    if selected_card.rank == '8': 

        valid_play = True

        is_eight = True

    elif selected_card.suit  == active_suit: 

        valid_play = True

    elif selected_card.rank  == up_card.rank:  

        valid_play = True

                                

    if not valid_play:

        response = raw_input("That's not a legal play.  Try again: ")

已经抽牌，
所以返回到
主循环

如果“抽
牌”，从这
副牌中取
牌，并增加
到玩家手中

print "What would you like to do? ",

response = raw_input ("Type a card to play or 'Draw' to take a card: " )

valid_play = False

while not valid_play:     

    selected_card = None

    while selected_card == None:       

        if response.lower() == 'draw': 

            valid_play = True

            if len(deck) > 0:   

得到玩家手中的一 
张牌，或者抽牌

不断尝试直到玩家输入合法的内容

术语箱
验证（validate）是指确保一样东西是

合法的，即允许的或者合理的。
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This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times
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                card = random.choice(deck)                         

                p_hand.append(card)                                 

                deck.remove(card)                                 

                print "You drew", card.short_name                 

            else:                                                   

                print "There are no cards left in the deck"       

                blocked += 1                                       

            return                                               

        else:

            for card in p_hand:

                if response.upper() == card.short_name:

                    selected_card = card

            if selected_card == None:

                response = raw_input("You don't have that card. Try again:")

    if selected_card.rank == '8': 

        valid_play = True

        is_eight = True

    elif selected_card.suit  == active_suit: 

        valid_play = True

    elif selected_card.rank  == up_card.rank:  

        valid_play = True

                                

    if not valid_play:

        response = raw_input("That's not a legal play.  Try again: ")

检查所选的牌是否在玩
家手中。不断尝试直到
确实找到这张牌（否则
要抽牌）

出 8 总是合法的

检查选择的牌是否 
与明牌花色一致

检查选择的牌是否 
与明牌点数一致

（这也不是一个完整的、可运行的程序。）
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This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

在这里，我们会得到一个合法的选择：玩家可能抽牌，也可能出一张合法的
牌。如果玩家抽牌，只要这副牌中还有剩余的牌，就在玩家手里增加一张牌。

如果出一张牌，需要从玩家手里删除这张牌，让它成为明牌：

p_hand.remove(selected_card)

up_card  = selected_card

active_suit = up_card.suit

print "You played", selected_card.short_name

如果出的牌是一张 8，玩家要告诉我们他下一步想要什么花色。因为 player_

turn()函数稍有点长，我们把得到新花色的代码放在一个单独的函数中，名为 get_

new_suit()。代码清单 23-9 显示了这个函数的代码。

代码清单 23-9　玩家出一张 8 时得到新花色
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If the card played was an 8, the player needs to tell us what suit he wants next. Because the 
player_turn() function is getting a bit long, we’ll make getting the new suit into a separate 
function called get_new_suit(). Listing 23.9 shows the code for this function.

def get_new_suit():
    global active_suit
    got_suit = False
    while not got_suit:
        suit = raw_input("Pick a suit: ")
        if suit.lower() == 'd':
            active_suit = "Diamonds"
            got_suit = True
        elif suit.lower() == 's':
            active_suit = "Spades"
            got_suit = True
        elif suit.lower() == 'h':
            active_suit = "Hearts"
            got_suit = True
        elif suit.lower() == 'c':
            active_suit = "Clubs"
            got_suit = True
        else:
            print"Not a valid suit.  Try again. ",  
    print "You picked", active_suit

This is everything we need for the player’s turn. In the next section, we’ll make the com-
puter smart enough to play Crazy Eights.

The computer’s turn
After the player’s turn, the computer has to play, so we need to tell the program how to play 
Crazy Eights. It has to follow the same rules as the player, but the program needs to decide 
what card to play. We have to specifically tell it how to handle all possible situations:

� playing an 8 (and picking a new suit)
� playing another card
� drawing

To make things a bit simpler, we’ll tell the computer to always play an 8 if it has one. This 
might not be the best strategy, but it’s a simple one.

If the computer plays an 8, it must pick the new suit. The easiest way to do that is to count 
the number of cards of each suit in the computer’s hand and pick the suit that it has the 
most of. Again, this isn’t a perfect strategy, but it’s one of the simplest to code.

If there’s no 8 in the computer’s hand, the program will go through all the cards and see 
which ones are possible plays. Out of these cards, it’ll pick the one with the highest value 
and play that one.

Listing 23.9 Getting the new suit when the player plays an 8

Keeps trying until player 
enters a valid suit
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If the card played was an 8, the player needs to tell us what suit he wants next. Because the 
player_turn() function is getting a bit long, we’ll make getting the new suit into a separate 
function called get_new_suit(). Listing 23.9 shows the code for this function.

def get_new_suit():
    global active_suit
    got_suit = False
    while not got_suit:
        suit = raw_input("Pick a suit: ")
        if suit.lower() == 'd':
            active_suit = "Diamonds"
            got_suit = True
        elif suit.lower() == 's':
            active_suit = "Spades"
            got_suit = True
        elif suit.lower() == 'h':
            active_suit = "Hearts"
            got_suit = True
        elif suit.lower() == 'c':
            active_suit = "Clubs"
            got_suit = True
        else:
            print"Not a valid suit.  Try again. ",  
    print "You picked", active_suit

This is everything we need for the player’s turn. In the next section, we’ll make the com-
puter smart enough to play Crazy Eights.

The computer’s turn
After the player’s turn, the computer has to play, so we need to tell the program how to play 
Crazy Eights. It has to follow the same rules as the player, but the program needs to decide 
what card to play. We have to specifically tell it how to handle all possible situations:

� playing an 8 (and picking a new suit)
� playing another card
� drawing

To make things a bit simpler, we’ll tell the computer to always play an 8 if it has one. This 
might not be the best strategy, but it’s a simple one.

If the computer plays an 8, it must pick the new suit. The easiest way to do that is to count 
the number of cards of each suit in the computer’s hand and pick the suit that it has the 
most of. Again, this isn’t a perfect strategy, but it’s one of the simplest to code.

If there’s no 8 in the computer’s hand, the program will go through all the cards and see 
which ones are possible plays. Out of these cards, it’ll pick the one with the highest value 
and play that one.

Listing 23.9 Getting the new suit when the player plays an 8

Keeps trying until player 
enters a valid suit
不断尝试直到玩家
输入合法的花色
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If the card played was an 8, the player needs to tell us what suit he wants next. Because the 
player_turn() function is getting a bit long, we’ll make getting the new suit into a separate 
function called get_new_suit(). Listing 23.9 shows the code for this function.

def get_new_suit():
    global active_suit
    got_suit = False
    while not got_suit:
        suit = raw_input("Pick a suit: ")
        if suit.lower() == 'd':
            active_suit = "Diamonds"
            got_suit = True
        elif suit.lower() == 's':
            active_suit = "Spades"
            got_suit = True
        elif suit.lower() == 'h':
            active_suit = "Hearts"
            got_suit = True
        elif suit.lower() == 'c':
            active_suit = "Clubs"
            got_suit = True
        else:
            print"Not a valid suit.  Try again. ",  
    print "You picked", active_suit

This is everything we need for the player’s turn. In the next section, we’ll make the com-
puter smart enough to play Crazy Eights.

The computer’s turn
After the player’s turn, the computer has to play, so we need to tell the program how to play 
Crazy Eights. It has to follow the same rules as the player, but the program needs to decide 
what card to play. We have to specifically tell it how to handle all possible situations:

� playing an 8 (and picking a new suit)
� playing another card
� drawing

To make things a bit simpler, we’ll tell the computer to always play an 8 if it has one. This 
might not be the best strategy, but it’s a simple one.

If the computer plays an 8, it must pick the new suit. The easiest way to do that is to count 
the number of cards of each suit in the computer’s hand and pick the suit that it has the 
most of. Again, this isn’t a perfect strategy, but it’s one of the simplest to code.

If there’s no 8 in the computer’s hand, the program will go through all the cards and see 
which ones are possible plays. Out of these cards, it’ll pick the one with the highest value 
and play that one.

Listing 23.9 Getting the new suit when the player plays an 8

Keeps trying until player 
enters a valid suit

轮到玩家出牌时所要做的就是这些。下一节中，我们要让计算机变得足够聪明

来玩这个 Crazy Eights 游戏。

轮到计算机选择

玩家选择之后，就轮到计算机了，所以我们要告诉程序怎么玩 Crazy Eights。它

必须与玩家遵循同样的规则，不过程序需要确定出哪一张牌。我们必须专门告诉它

如何处理所有可能的情况：

出一张 8（并挑选一个新花色）；��

出另一张牌；��

抽牌。��

为了简化程序，我们要告诉计算机如果有 8 就总是出 8。这可能不是最佳的策

略，不过很简单。

如果计算机出了一张 8，它必须挑选新花色。最简单的方法就是统计计算机手

中每种花色各有多少张牌，并选择牌数最多的花色。同样，这也不是最完美的策略，

不过这样编写代码最为简单。

如果计算机手中没有 8，程序就必须检查所有牌，查看哪些牌可以出。在这些牌

中，它会选择出分值最大的牌。

如果根本无法出牌，计算机会抽牌。倘若计算机想要抽牌，但这副牌中已经没

有任何牌了，计算机就无法继续，这和人类玩家是一样的。

代码清单 23-10 显示了轮到计算机选择的相应代码，这里给出了一些说明来作

出解释。

代码清单 23-10　轮到计算机选择

def computer_turn():

    global c_hand, deck, up_card, active_suit, blocked

    options = []

    for card in c_hand:

        if card.rank == '8':      

            c_hand.remove(card)

            up_card  = card

            print "  Computer played ", card.short_name

            #suit totals:  [diamonds, hearts, spades, clubs]     

            suit_totals = [0, 0, 0, 0]            

            for suit in range(1, 5): 

                for card in c_hand:

                    if card.suit_id == suit:

                        suit_totals[suit-1] += 1

            long_suit = 0

            for i in range (4):

                if suit_totals[i] > long_suit:

                    long_suit = i

            if long_suit == 0:  active_suit = "Diamonds"   

            if long_suit == 1:  active_suit = "Hearts"                               

            if long_suit == 2:  active_suit = "Spades"                               

            if long_suit == 3:  active_suit = "Clubs"                             

            print "  Computer changed suit to ", active_suit

            return                      

        else: 

            if card.suit == active_suit:                   

                options.append(card)                             

            elif card.rank == up_card.rank:   

                options.append(card)                         

                    

    if len(options) > 0:

        best_play = options[0]

        for card in options:                 

            if card.value > best_play.value:   

                best_play = card                

        c_hand.remove(best_play)                                    

        up_card = best_play                                         

        active_suit = up_card.suit                                 

        print "  Computer played ", best_play.short_name 

    else:

        if len(deck) >0:

            next_card = random.choice(deck)                        

            c_hand.append(next_card)                               

            deck.remove(next_card)                                 

            print "  Computer drew a card"      

        else:

            print"  Computer is blocked"      

            blocked += 1                           

    print "Computer has %i cards left" % (len(c_hand))

出一张 8
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def computer_turn():

    global c_hand, deck, up_card, active_suit, blocked

    options = []

    for card in c_hand:

        if card.rank == '8':      

            c_hand.remove(card)

            up_card  = card

            print "  Computer played ", card.short_name

            #suit totals:  [diamonds, hearts, spades, clubs]     

            suit_totals = [0, 0, 0, 0]            

            for suit in range(1, 5): 

                for card in c_hand:

                    if card.suit_id == suit:

                        suit_totals[suit-1] += 1

            long_suit = 0

            for i in range (4):

                if suit_totals[i] > long_suit:

                    long_suit = i

            if long_suit == 0:  active_suit = "Diamonds"   

            if long_suit == 1:  active_suit = "Hearts"                               

            if long_suit == 2:  active_suit = "Spades"                               

            if long_suit == 3:  active_suit = "Clubs"                             

            print "  Computer changed suit to ", active_suit

            return                      

        else: 

            if card.suit == active_suit:                   

                options.append(card)                             

            elif card.rank == up_card.rank:   

                options.append(card)                         

                    

    if len(options) > 0:

        best_play = options[0]

        for card in options:                 

            if card.value > best_play.value:   

                best_play = card                

        c_hand.remove(best_play)                                    

        up_card = best_play                                         

        active_suit = up_card.suit                                 

        print "  Computer played ", best_play.short_name 

    else:

        if len(deck) >0:

            next_card = random.choice(deck)                        

            c_hand.append(next_card)                               

            deck.remove(next_card)                                 

            print "  Computer drew a card"      

        else:

            print"  Computer is blocked"      

            blocked += 1                           

    print "Computer has %i cards left" % (len(c_hand))

将长花色作 
为当前花色

结束计算机的选
择，回到主循环

检查可能出哪些牌

检查哪个选择最佳 
（最高分值）

出牌

统计每种花色的牌数；牌数最
多的花色有个专门的名字叫做

“长花色”（long suit）

抽牌，因为没有
任何牌可以出牌

这副牌中已经没有牌
了—计算机无法继续

这个程序已经基本上完成了，只需要增加几点就可以了。你可能已经注意到，

轮到计算机选择定义为一个函数，而且我们在这个函数中使用了一些全局变量。其

实也可以向这个函数传入变量，不过使用全局变量也完全可以，而且与真实世界的

实际情况更接近，一副牌是“全局”的—任何人都可以拿到并从中取一张牌。

轮到玩家选择也是一个函数，不过我们还没有显示这个函数定义的第一部分，
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这部分是这样的：

333 CHAPTER 23 Take a Chance—Randomness

    else:
        if len(deck) >0:
            next_card = random.choice(deck)
            c_hand.append(next_card)                                      
            deck.remove(next_card)                                        
            print "  Computer drew a card"                                  
        else:
            print"  Computer is blocked"
            blocked += 1                                                  
    print "Computer has %i cards left" % (len(c_hand))

We’re almost done—just a couple more things to add. You might have noticed that the 
computer’s turn was defined as a function, and we used some global variables in that func-
tion. We could also have passed the variables to the function, but using globals works just 
as well and is more like the real world, where the deck is “global”—anybody can reach over 
and take a card from it.

The player’s turn is also a function, but we didn’t show the first part of that function defini-
tion. It would look like this:

There’s just one more thing we need. We have to keep track of who wins!

Keeping score

The last thing we need for our game to be complete is scoring. When a game ends, we need 
to keep track of how many points the winner got for the cards remaining in the loser’s hand. 
We should display the points for that game, as well as the total for all games. Once we add 
those things in, the main loop will look something like listing 23.11.

done = False
p_total = c_total = 0
while not done:    
    game_done = False

def player_turn():
    global deck, p_hand, blocked, up_card, active_suit
    valid_play = False
    is_eight = False
    print "\nYour hand: ",
    for card in p_hand:
        print card.short_name,
    print "   Up card: ", up_card.short_name
    if up_card.rank == '8':
        print"   Suit is", active_suit 
    print "What would you like to do? ",
    response = raw_input ("Type a card to play or 'Draw' to take a card: " )

Listing 23.11 The main loop with scoring added

Draws, because 
no possible plays

No cards left in deck—
computer is blocked

现在还有一点要做。我们必须跟踪最终谁获胜！

记录分数

要完成这个游戏，还需要最后一点：这就是记录得分。游戏结束时，需要得到

赢家的得分，这要根据输家剩余的牌来计算。我们要显示这次游戏的得分，还要显

示所有游戏的总分。加入这些内容后，就得到了类似代码清单 23-11 的主循环。

代码清单 23-11　增加了得分的主循环
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    blocked = 0
    init_cards()
    while not game_done:
        player_turn() 
        if len(p_hand) == 0:
            game_done = True
            print
            print "You won!"
            # display game score here
            p_points = 0
            for card in c_hand:
                p_points += card.value
            p_total += p_points
            print "You got %i points for computer's hand" % p_points

        if not game_done: 
            computer_turn()
        if len(c_hand) == 0:
            game_done = True
            print
            print "Computer won!"
            # display game score here
            c_points = 0
            for card in p_hand:
                c_points += card.value
            c_total += c_points
            print "Computer got %i points for your hand" % c_points
        if blocked >= 2:
            game_done = True
            print "Both players blocked.  GAME OVER."
            player_points = 0
            for card in c_hand:
                p_points += card.value
            p_total += p_points
            c_points = 0
            for card in p_hand:
                c_points += card.value
            c_total += c_points
            print "You got %i points for computer's hand" % p_points
            print "Computer got %i points for your hand" % c_points
    play_again = raw_input("Play again (Y/N)? ")
    if play_again.lower().startswith('y'):
        done = False
        print "\nSo far, you have %i points" % p_total
        print  "and the computer has %i points.\n" % c_total
    else:
        done = True
            
print "\n Final Score:"
print "You: %i     Computer: %i" % (p_total, c_total)

The init_cards() function (not shown here) just sets up the deck and creates the player’s 
hand (5 cards), computer’s hand (5 cards), and the first up card B.

B
Sets up deck and player 
and computer hands

Player wins

Adds points from 
computer’s 
remaining cards Adds points 

from this game 
to total

Computer wins

Adds points from 
player’s remaining cards

Adds points 
from this game 
to total

Both blocked, 
so both get 
points

Prints game 
points

Prints total 
points so far

Prints final 
totals

根据计算机剩余 
的牌增加得分

将这次游戏
的得分增加
到总分

计算机获胜
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    blocked = 0
    init_cards()
    while not game_done:
        player_turn() 
        if len(p_hand) == 0:
            game_done = True
            print
            print "You won!"
            # display game score here
            p_points = 0
            for card in c_hand:
                p_points += card.value
            p_total += p_points
            print "You got %i points for computer's hand" % p_points

        if not game_done: 
            computer_turn()
        if len(c_hand) == 0:
            game_done = True
            print
            print "Computer won!"
            # display game score here
            c_points = 0
            for card in p_hand:
                c_points += card.value
            c_total += c_points
            print "Computer got %i points for your hand" % c_points
        if blocked >= 2:
            game_done = True
            print "Both players blocked.  GAME OVER."
            player_points = 0
            for card in c_hand:
                p_points += card.value
            p_total += p_points
            c_points = 0
            for card in p_hand:
                c_points += card.value
            c_total += c_points
            print "You got %i points for computer's hand" % p_points
            print "Computer got %i points for your hand" % c_points
    play_again = raw_input("Play again (Y/N)? ")
    if play_again.lower().startswith('y'):
        done = False
        print "\nSo far, you have %i points" % p_total
        print  "and the computer has %i points.\n" % c_total
    else:
        done = True
            
print "\n Final Score:"
print "You: %i     Computer: %i" % (p_total, c_total)

The init_cards() function (not shown here) just sets up the deck and creates the player’s 
hand (5 cards), computer’s hand (5 cards), and the first up card B.

B
Sets up deck and player 
and computer hands

Player wins

Adds points from 
computer’s 
remaining cards Adds points 

from this game 
to total

Computer wins

Adds points from 
player’s remaining cards

Adds points 
from this game 
to total

Both blocked, 
so both get 
points

Prints game 
points

Prints total 
points so far

Prints final 
totals

建立一副牌，以及玩 
家和计算机手中的牌

玩家获胜
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    else:
        if len(deck) >0:
            next_card = random.choice(deck)
            c_hand.append(next_card)                                      
            deck.remove(next_card)                                        
            print "  Computer drew a card"                                  
        else:
            print"  Computer is blocked"
            blocked += 1                                                  
    print "Computer has %i cards left" % (len(c_hand))

We’re almost done—just a couple more things to add. You might have noticed that the 
computer’s turn was defined as a function, and we used some global variables in that func-
tion. We could also have passed the variables to the function, but using globals works just 
as well and is more like the real world, where the deck is “global”—anybody can reach over 
and take a card from it.

The player’s turn is also a function, but we didn’t show the first part of that function defini-
tion. It would look like this:

There’s just one more thing we need. We have to keep track of who wins!

Keeping score

The last thing we need for our game to be complete is scoring. When a game ends, we need 
to keep track of how many points the winner got for the cards remaining in the loser’s hand. 
We should display the points for that game, as well as the total for all games. Once we add 
those things in, the main loop will look something like listing 23.11.

done = False
p_total = c_total = 0
while not done:    
    game_done = False

def player_turn():
    global deck, p_hand, blocked, up_card, active_suit
    valid_play = False
    is_eight = False
    print "\nYour hand: ",
    for card in p_hand:
        print card.short_name,
    print "   Up card: ", up_card.short_name
    if up_card.rank == '8':
        print"   Suit is", active_suit 
    print "What would you like to do? ",
    response = raw_input ("Type a card to play or 'Draw' to take a card: " )

Listing 23.11 The main loop with scoring added

Draws, because 
no possible plays

No cards left in deck—
computer is blocked
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    blocked = 0
    init_cards()
    while not game_done:
        player_turn() 
        if len(p_hand) == 0:
            game_done = True
            print
            print "You won!"
            # display game score here
            p_points = 0
            for card in c_hand:
                p_points += card.value
            p_total += p_points
            print "You got %i points for computer's hand" % p_points

        if not game_done: 
            computer_turn()
        if len(c_hand) == 0:
            game_done = True
            print
            print "Computer won!"
            # display game score here
            c_points = 0
            for card in p_hand:
                c_points += card.value
            c_total += c_points
            print "Computer got %i points for your hand" % c_points
        if blocked >= 2:
            game_done = True
            print "Both players blocked.  GAME OVER."
            player_points = 0
            for card in c_hand:
                p_points += card.value
            p_total += p_points
            c_points = 0
            for card in p_hand:
                c_points += card.value
            c_total += c_points
            print "You got %i points for computer's hand" % p_points
            print "Computer got %i points for your hand" % c_points
    play_again = raw_input("Play again (Y/N)? ")
    if play_again.lower().startswith('y'):
        done = False
        print "\nSo far, you have %i points" % p_total
        print  "and the computer has %i points.\n" % c_total
    else:
        done = True
            
print "\n Final Score:"
print "You: %i     Computer: %i" % (p_total, c_total)

The init_cards() function (not shown here) just sets up the deck and creates the player’s 
hand (5 cards), computer’s hand (5 cards), and the first up card B.

B
Sets up deck and player 
and computer hands

Player wins

Adds points from 
computer’s 
remaining cards Adds points 

from this game 
to total

Computer wins

Adds points from 
player’s remaining cards

Adds points 
from this game 
to total

Both blocked, 
so both get 
points

Prints game 
points

Prints total 
points so far

Prints final 
totals

根据玩家剩余 
的牌增加得分

将这次游戏
的得分增加
到总分
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    blocked = 0
    init_cards()
    while not game_done:
        player_turn() 
        if len(p_hand) == 0:
            game_done = True
            print
            print "You won!"
            # display game score here
            p_points = 0
            for card in c_hand:
                p_points += card.value
            p_total += p_points
            print "You got %i points for computer's hand" % p_points

        if not game_done: 
            computer_turn()
        if len(c_hand) == 0:
            game_done = True
            print
            print "Computer won!"
            # display game score here
            c_points = 0
            for card in p_hand:
                c_points += card.value
            c_total += c_points
            print "Computer got %i points for your hand" % c_points
        if blocked >= 2:
            game_done = True
            print "Both players blocked.  GAME OVER."
            player_points = 0
            for card in c_hand:
                p_points += card.value
            p_total += p_points
            c_points = 0
            for card in p_hand:
                c_points += card.value
            c_total += c_points
            print "You got %i points for computer's hand" % p_points
            print "Computer got %i points for your hand" % c_points
    play_again = raw_input("Play again (Y/N)? ")
    if play_again.lower().startswith('y'):
        done = False
        print "\nSo far, you have %i points" % p_total
        print  "and the computer has %i points.\n" % c_total
    else:
        done = True
            
print "\n Final Score:"
print "You: %i     Computer: %i" % (p_total, c_total)

The init_cards() function (not shown here) just sets up the deck and creates the player’s 
hand (5 cards), computer’s hand (5 cards), and the first up card B.

B
Sets up deck and player 
and computer hands

Player wins

Adds points from 
computer’s 
remaining cards Adds points 

from this game 
to total

Computer wins

Adds points from 
player’s remaining cards

Adds points 
from this game 
to total

Both blocked, 
so both get 
points

Prints game 
points

Prints total 
points so far

Prints final 
totals

双方都无法继续， 
所以双方都得分

打印目前 
为止的总分

打印最 
后总分

　

打印游 
戏得分
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This would do exactly the same thing as the previous example. The choice() function ran-
domly chooses an item from a list. In this case, the list is the numbers from 1 to 6.

More than one die
What if you want to simulate rolling two dice? If you’re just going to add up the two dice to 
get the total, you might think of doing it this way:

After all, the total of two dice can be from 2 to 12, right? Well, yes and no. You will get a 
random number between 2 and 12, but not in the same way as adding up two random 
numbers from 1 to 6. What that code line does is like rolling one big 11-sided die, not two 
6-sided dice. But what’s the difference? That gets into a topic called probability. The easiest 
way to see the difference is to try it out and see.

Let’s roll the dice many times and keep track of how many times each total comes up. 
We’ll do that with a loop and a list. The loop will roll the dice, and the list will keep track of 
how many times each total comes up. Let’s start with the single 11-sided die, as shown in 
listing 23.1.

import random

totals = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]  
for i in range(1000):
    dice_total = random.randint(2, 12)
    totals[dice_total] += 1  
    

for i in range (2, 13):
    print "total", i, "came up", totals[i], "times"

The list has indexes from 0 to 12, but we won’t use the first two, because we don’t care 
about totals 0 or 1—they’ll never happen B. When we get a result, we add 1 to that list 
item C. If the total is 7, we add one to totals[7]. So totals[2] is the number of 2s we got, 
totals[3] is the number of 3s we got, and so on.

If you run this code, you 
should get something like this:

Listing 23.1 Rolling a single 11-sided die 1,000 times

two_dice = random.randint(2, 12)

List has 13 items, 
with index 0 to 12B

Adds 1 to the 
count of this totalC

total 2 came up 95 times
total 3 came up 81 times
total 4 came up 85 times
total 5 came up 86 times
total 6 came up 100 times
total 7 came up 85 times
total 8 came up 94 times
total 9 came up 98 times
total 10 came up 93 times
total 11 came up 84 times
total 12 came up 99 times

init_cards()函数（这里没有显示）的工作只是建立一副牌并创建玩家的
一手牌（5 张牌）、计算机的一手牌（5 张牌）以及第一张明牌。

代码清单 23-11 仍然不是一个完整的程序，所以如果你运行这个代码，就会得

到一条错误消息。不过如果你一直按我说的做，现在你的编辑器里应该已经有了几

乎整个程序。Crazy Eights 的完整代码清单太长了，无法在这里全部列出（大约 200
行代码，还要加上空行和注释），不过你可以在 \Examples 文件夹找到这个代码（如果

你使用了本书的安装程序），另外在网站上（www.helloworldbook2.com）也可以找到。

可以使用 IDLE 来编辑和运行这个程序。
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Listing 23.11 is still not a complete program, so it will give you an error if you try to run it. 
But if you have been following along, you have almost the whole program in your editor by 
now. The complete listing for Crazy Eights is too long to print here (it’s about 200 lines of 
code, plus blank lines and comments), but you can find it in the \examples folder, if you 
used the book’s installer. It’s also on the web site (www.helloworldbook.com). 

You can use IDLE or SPE to edit and run this program. If you use SPE, use the Run in 
terminal without arguments option (Shift-F9). This will run the program in its own com-
mand window.

What did you learn?

In this chapter, you learned

� what randomness and random events are.
� a little bit about probability.
� how to use the random module to generate random events in a program.
� how to simulate flipping a coin or rolling dice.
� how to simulate drawing cards from a shuffled deck.
� how to play Crazy Eights (if you didn’t already know).

Test your knowledge
1 Describe what a “random event” is. Give two examples.

2 Why is rolling one 11-sided die with numbers from 2 to 12 different from rolling a pair 
of six-sided dice, which produce totals from 2 to 12?

3 What are two ways to simulate rolling a die in Python?

4 What kind of Python variable did we use for a single card?

5 What kind of Python variable did we use for a deck of cards?

6 What method did we use to remove a card from the deck when it’s drawn, or from a 
hand when it’s played?

Try it out
1 Try the “ten in a row” experiment using the program from listing 23.3, but try different 

amounts for the “in a row.” How often do you get five in a row? How about six, seven, 
eight, and so on? Do you see a pattern?

你学到了什么

在这一章，你学到了以下内容。

什么是随机性和随机事件。��

有关概率的一点内容。��

如何使用�� random模块在程序中生成随机事件。
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如何模拟扔硬币或掷骰子。��

如何模拟从一副洗过的牌中抽牌。��

如何玩 Crazy Eights（如果你以前不知道）。��

测试题

1. 说明什么是“随机事件”。给出两个例子。

2.  为什么扔一个 11 面（各个面上的数为 2 ～ 12）的骰子与扔两个 6 面的骰子

（总和也是 2 ～ 12）不同？

3. 在 Python 中有哪两种方法来模拟掷骰子？

4. 我们使用哪种 Python 变量表示一张牌？

5.  我们使用哪种 Python 变量表示一副牌？

6.  要在抽牌时从一副牌中删除一张牌，或者出牌时从一手牌中删除一张牌，要

使用什么方法？

动手试一试

 使用代码清单 23-3 的程序试一试“连续 10 次正面朝上”试验，不过可以试试

不同的连续次数。多久能出现一次连续 5 个正面朝上？ 6 个呢？ 7 个呢？ 8 个

呢？……你发现规律了吗？
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第 24 章

计算机仿真

你见过“电子宠物”吧：就是那种小玩具，有一个小小的显示屏，还有一些按

钮，宠物饿了可以给它喂吃的，累了让它睡觉，如果它无聊了还能和它玩，诸如此

类。你应该见过吧？电子宠物与真实的活的宠物有一些同样的特征。这就是计算机

仿真的一个例子—电子宠物设备就是一台微型计算机。

在上一章，我们学习了随机事件以及如何在程序中生成随机事件。从某种角度

讲，这就是一种仿真（或模拟）。仿真就是为真实世界的某个东西创建计算机模型。

前面已经创建了硬币、骰子和一副牌的计算机模型。

在本章，我们将学习如何使用计算机程序模拟真实世界。

24.1　真实世界建模

为什么要使用计算机对真实世界仿真或建模，这有很多原因。有时出于时间、

距离、危险性或其他一些原因，我们要想具体做试验是不实际的。例如，上一章中

我们模拟了扔 100 万次硬币。要是把真正的硬币扔这么多次，我们大多数人都没有

那么多时间，不过计算机仿真只需几秒钟就能完成。

有时科学家想知道“如果……会怎么样”。如果小行星撞到月球会怎么样？我

们不能让一个真正的小行星撞月球，但是计算机仿真可以告诉我们这会有什么后果。

月球会不会扩散到太空？会不会撞到地球？会不会改变它的轨道？

飞行员和宇航员学习开飞机和飞船时，他们不能总在真正的飞机和飞船上练习。

这样代价太昂贵了！（另外，如果飞行员只是一名“学员”，你真的愿意做他的乘客

吗？）所以他们要使用仿真器，仿真器能提供与真正的飞机或飞船同样的控制，让

学员进行实践练习。

通过仿真，你可以做很多事情。
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你可以做试验或者练习某项技能，而不需要任何设备（除了计算机以外），��

另外也不会给任何人带来危险。

让时间加速或减慢。��

同时做多个试验。��

尝试一些可能代价很高、很危险或者在真实世界中不可能实现的事情。��

我们打算做的第一个仿真与重力有关。我们想让一个飞船在月球上着陆，不过

只有定量的燃料，所以使用推进器必须特别当心。这是一个名叫 Lunar Lander（月球

着陆器）的经典游戏的简化版本，Lunar Lander 游戏在多年前相当流行。

24.2　Lunar Lander
开始时飞船离月球表面有一定距离。月球

的重力开始把它向下拉，我们必须使用推进器

让它的降落放慢，使它平缓着陆。

这个程序看上去是像右图这样的。

左边的小灰条是推进器。用鼠标上下拖动

可以控制发动机的推力。燃料表指出你还剩下

多少燃料，上面的文本给出了速度、加速度、

高度和推力的有关信息。

模拟着陆

为了模拟飞船着陆，必须理解重力和飞船

发动机作用力相互之间如何平衡。

在这个仿真中，我们假设重力是恒定的。

事实上并不是这样，不过只要飞船离月球不太

远，重力几乎是恒定的（对我们的仿真来说非常接近恒定了）。

术语箱
速度（velocity）与速率“speed”含义几乎是一样的，不过速度还包括方向，而速

率不包括方向。例如，“每小时 50 公里”描述的是速率，而“每小时向北 50 公里”描

述的就是速度。很多人可能会使用“速率”，但实际上他们所指的是“速度”，反之亦然，

有些人谈到“速度”时所指的其实是“速率”。在我们的程序中，我们需要知道飞船是向

上还是向下，所以会使用速度。

加速度（acceleration）是指速度变化得多快。正的加速度表示速度在增加，负加速

度表示速度在减少。
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发动机的作用力取决于燃烧了多少燃料。有时这个作用力会大于重力，有时可

能比重力小。发动机关闭时，作用力就为 0，此时只剩下重力。

要得到对飞船的总作用力或净作用力，只需把两个作用力相加。因为它们的方

向相反，所以一个为正，另一个为负。

一旦得到飞船上的净作用力，可以利用一个公式得出它的速度和位置。

我们的仿真必须跟踪以下几点。

飞船距离月球的高度，以及飞船的速度和加速度。��

飞船的质量（随着燃料的消耗，质量会变化）。��

发动机的推力或作用力。使用的推力越大，燃料燃烧得就越快。��

飞船上有多少燃料。推进器燃烧燃料时，飞船会变轻，但是如果所有燃料都��

耗光，就不再有推力。

飞船上的重力。这取决于月球的大小，以及飞船和燃料的质量。��

又是 Pygame

我们还是使用 Pygame 建立这个仿真。这里将用 Pygame 的时钟滴答作为我们

的时间单位。对于每一个滴答，我们会检查对飞船的净作用力，并更新高度、速度、

加速度和剩余的燃料。然后使用这个信息更新图片和文本。

由于动画非常简单，这里不打算用一个动画精灵表示飞船。不过我们会对推

进器使用一个精灵（灰色矩形），因为这样就能很容易地用鼠标拖动。燃料表是用

Pygame 的 draw.rect()方法画的两个矩形。文本用 pygame.font对象建立，就像

前面 PyPong 中的做法一样。

代码要完成以下工作。

初始化游戏�� —建立 Pygame 窗口，加载图像，为变量设置一些初始值。

为推进器定义精灵类。��

计算高度、速度、加速度和燃料消耗。��

显示这个信息。��

更新燃料表。��

显示火箭尾焰（取决于推力，尾焰大小会改变）。��

把所有内容“块移”（blit）到屏幕，检查鼠标事件，更新推进器位置，并检��

查飞船是否已经着陆—这就是主 Pygame 事件循环。

显示“游戏结束”和最终统计信息。��
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代码清单 24-1 显示了 Lunar Lander 的代码，相应的文件是 Listing_24-1.py，
可以在 \Examples\LunarLander 文件夹找到这个文件，或者也可以在网站（www.
helloworldbook2.com）上找到。在文件夹和网站上还可以找到相关的图片（飞船和

月球）。查看代码和说明，一定要确保你能理解所有内容。先不用担心高度、速度和

加速度的公式。在高中物理中将会学到这些知识，不过考完试后可能很快就会忘掉

（除非你在美国航空航天局工作）。也许这个程序能帮你记住这些公式！

代码清单 24-1　Lunar Lander

import pygame, sys 

pygame.init()

screen = pygame.display.set_mode([400,600])     

screen.fill([0, 0, 0])                            

ship = pygame.image.load('lunarlander.png')      

moon = pygame.image.load('moonsurface.png')      

ground  = 540    

start = 90                                       

clock = pygame.time.Clock()                  

ship_mass = 5000.0                             

fuel = 5000.0                                   

velocity = -100.0                              

gravity = 10                                

height = 2000                              

thrust = 0                                       

delta_v = 0                                       

y_pos = 90                                       

held_down = False                               

初始化程序降落点是 y = 540

class ThrottleClass(pygame.sprite.Sprite):                          

    def __init__(self, location = [0,0]):                           

        pygame.sprite.Sprite.__init__(self)                         

        image_surface = pygame.surface.Surface([30, 10])           

        image_surface.fill([128,128,128])                         

        self.image = image_surface.convert()                    

        self.rect = self.image.get_rect()                     

        self.rect.left, self.rect.centery = location               

        

def calculate_velocity():                                               

    global thrust, fuel, velocity, delta_v, height, y_pos              

    delta_t = 1/fps                      

    thrust = (500 - myThrottle.rect.centery) * 5.0            

    fuel -= thrust               )spf * 01(/ 

    if fuel < 0:  fuel = 0.0                                       

    if fuel < 0.1:  thrust = 0.0                                         

    delta_v = delta_t * (-gravity + 200 * thrust / (ship_mass + fuel)) 

    velocity = velocity + delt   v_a

    delta_h = velocity * delta_t                                        

    height = height + delta_h                                          

    y_pos = ground - (height * (ground - start) / 2000) - 90        

    

def display_stats():

    v_str = "velocity: %i m/s" % velocity                             

    h_str = "height:   %.1f" % height                                 

    t_str = "thrust:   %i" % thrust                                   

    a_str = "acceleration: %.1f" % (delta_v * fps)                    

    f_str = "fuel:  %i" % fuel                                        

    v_font = pygame.font.Font(None, 26)                              

    v_surf = v_font.render(v_str, 1, (255, 255, 255)) 

    screen.blit(v_surf, [10, 50])                                     

    a_font = pygame.font.Font(None, 26)                              

    a_surf = a_font.render(a_str, 1, (255, 255, 255))                 

    screen.blit(a_surf, [10, 100])                                    

    h_font = pygame.font.Font(None, 26)                               

    h_surf = h_font.render(h_str, 1, (255, 255, 255))                

    screen.blit(h_surf, [10, 150])                                    

    t_font = pygame.font.Font(None, 26)                               

    t_surf = t_font.render(t_str, 1, (255, 255, 255))                

    screen.blit(t_surf, [10, 200])                                    

    f_font = pygame.font.Font(None, 26)                               

    f_surf = f_font.render(f_str, 1, (255, 255, 255))                

    screen.blit(f_surf, [60, 300])                                    

    

def display_flames():  

    flame_size = thrust / 15                                          

    for i in range (2):                                             

        startx = 252 - 10 + i * 19                                   

        starty = y_pos + 83                                           

        pygame.draw.polygon(screen, [255, 109, 14], [(startx, starty),

                                       (startx + 4, starty + flame_size),

                                       (startx + 8, starty)], 0)        

推进器 
的精灵类

“滴答”对应 Pygame 
循环的一帧

计
算
高
度
、
速
度
、 

加
速
度
和
燃
料

根据推力 
减少燃料

物理公式
将高度转换
为 Pygame 
y 位置

将推进器精灵的 y 
位置转换为推力
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class ThrottleClass(pygame.sprite.Sprite):                          

    def __init__(self, location = [0,0]):                           

        pygame.sprite.Sprite.__init__(self)                         

        image_surface = pygame.surface.Surface([30, 10])           

        image_surface.fill([128,128,128])                         

        self.image = image_surface.convert()                    

        self.rect = self.image.get_rect()                     

        self.rect.left, self.rect.centery = location               

        

def calculate_velocity():                                               

    global thrust, fuel, velocity, delta_v, height, y_pos              

    delta_t = 1/fps                      

    thrust = (500 - myThrottle.rect.centery) * 5.0            

    fuel -= thrust               )spf * 01(/ 

    if fuel < 0:  fuel = 0.0                                       

    if fuel < 0.1:  thrust = 0.0                                         

    delta_v = delta_t * (-gravity + 200 * thrust / (ship_mass + fuel)) 

    velocity = velocity + delt   v_a

    delta_h = velocity * delta_t                                        

    height = height + delta_h                                          

    y_pos = ground - (height * (ground - start) / 2000) - 90        

    

def display_stats():

    v_str = "velocity: %i m/s" % velocity                             

    h_str = "height:   %.1f" % height                                 

    t_str = "thrust:   %i" % thrust                                   

    a_str = "acceleration: %.1f" % (delta_v * fps)                    

    f_str = "fuel:  %i" % fuel                                        

    v_font = pygame.font.Font(None, 26)                              

    v_surf = v_font.render(v_str, 1, (255, 255, 255)) 

    screen.blit(v_surf, [10, 50])                                     

    a_font = pygame.font.Font(None, 26)                              

    a_surf = a_font.render(a_str, 1, (255, 255, 255))                 

    screen.blit(a_surf, [10, 100])                                    

    h_font = pygame.font.Font(None, 26)                               

    h_surf = h_font.render(h_str, 1, (255, 255, 255))                

    screen.blit(h_surf, [10, 150])                                    

    t_font = pygame.font.Font(None, 26)                               

    t_surf = t_font.render(t_str, 1, (255, 255, 255))                

    screen.blit(t_surf, [10, 200])                                    

    f_font = pygame.font.Font(None, 26)                               

    f_surf = f_font.render(f_str, 1, (255, 255, 255))                

    screen.blit(f_surf, [60, 300])                                    

    

def display_flames():  

    flame_size = thrust / 15                                          

    for i in range (2):                                             

        startx = 252 - 10 + i * 19                                   

        starty = y_pos + 83                                           

        pygame.draw.polygon(screen, [255, 109, 14], [(startx, starty),

                                       (startx + 4, starty + flame_size),

                                       (startx + 8, starty)], 0)        

def display_final():

    final1 = "Game over"                                         

    final2 = "You landed at %.1f m/s" % velocity               

    if velocity > -5:                                            

        final3 = "Nice landing!"                                  

        final4 = "I hear NASA is hiring!"                          

    elif velocity > -15:                                           

        final3 = "Ouch!  A bit rough, but you survived."           

        final4 = "You'll do better next time."                     

    else:                                                          

        final3 = "Yikes!  You crashed a 30 Billion dollar ship."   

        final4 = "How are you getting home?"                      

    pygame.draw.rect(screen, [0, 0, 0], [5, 5, 350, 280],0)          

    f1_font = pygame.font.Font(None, 70)                             

    f1_surf = f1_font.render(final1, 1, (255, 255, 255))             

    screen.blit(f1_surf, [20, 50])                                   

    f2_font = pygame.font.Font(None, 40)                            

    f2_surf = f2_font.render(final2, 1, (255, 255, 255))             

    screen.blit(f2_surf, [20, 110])                                  

    f3_font = pygame.font.Font(None, 26)                             

    f3_surf = f3_font.render(final3, 1, (255, 255, 255))             

    screen.blit(f3_surf, [20, 150])                                  

    f4_font = pygame.font.Font(None, 26)                             

    f4_surf = f4_font.render(final4, 1, (255, 255, 255))             

    screen.blit(f4_surf, [20, 180])                                  

    pygame.display.flip()                                            

myThrottle = ThrottleClass([15, 500])    

running = True                                                   

while running:                                                

    clock.tick(30)     

    fps = clock.get_fps()

    if fps < 1:  fps = 30

    if height > 0.01:    

        calculate_velocity()

        screen.fill([0, 0, 0])

        display_stats()

        pygame.draw.rect(screen, [0, 0, 255], [80, 350, 24, 100], 2) 

        fuelbar = 96 * fuel / 5000                                     

        pygame.draw.rect(screen, [0,255,0],

                [84,448-fuelbar,18, fuelbar], 0)         

        pygame.draw.rect(screen, [255, 0, 0],                            

                [25, 300, 10, 200],0)  

        screen.blit(moon, [0, 500, 400, 100])   

        pygame.draw.rect(screen, [60, 60, 60],                           

                [220, 535, 70, 5],0)           

        screen.blit(myThrottle.image, myThrottle.rect) 

        display_flames()                                                 

        screen.blit(ship, [230, y_pos, 50, 90])     

        instruct1 = "Land softly without running out of fuel"            

        instruct2 = "Good landing: < 15m/s   Great landing: < 5m/s"      

        inst1_font = pygame.font.Font(None, 24)                          

        inst1_surf = inst1_font.render(instruct1, 1, (255, 255, 255))    

使用字体对象 
显示统计信息

画出尾焰
三角形

游戏结
束时显
示最终
统计信
息

使用两
个三角
形显示
火箭尾
焰
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def display_final():

    final1 = "Game over"                                         

    final2 = "You landed at %.1f m/s" % velocity               

    if velocity > -5:                                            

        final3 = "Nice landing!"                                  

        final4 = "I hear NASA is hiring!"                          

    elif velocity > -15:                                           

        final3 = "Ouch!  A bit rough, but you survived."           

        final4 = "You'll do better next time."                     

    else:                                                          

        final3 = "Yikes!  You crashed a 30 Billion dollar ship."   

        final4 = "How are you getting home?"                      

    pygame.draw.rect(screen, [0, 0, 0], [5, 5, 350, 280],0)          

    f1_font = pygame.font.Font(None, 70)                             

    f1_surf = f1_font.render(final1, 1, (255, 255, 255))             

    screen.blit(f1_surf, [20, 50])                                   

    f2_font = pygame.font.Font(None, 40)                            

    f2_surf = f2_font.render(final2, 1, (255, 255, 255))             

    screen.blit(f2_surf, [20, 110])                                  

    f3_font = pygame.font.Font(None, 26)                             

    f3_surf = f3_font.render(final3, 1, (255, 255, 255))             

    screen.blit(f3_surf, [20, 150])                                  

    f4_font = pygame.font.Font(None, 26)                             

    f4_surf = f4_font.render(final4, 1, (255, 255, 255))             

    screen.blit(f4_surf, [20, 180])                                  

    pygame.display.flip()                                            

myThrottle = ThrottleClass([15, 500])    

running = True                                                   

while running:                                                

    clock.tick(30)     

    fps = clock.get_fps()

    if fps < 1:  fps = 30

    if height > 0.01:    

        calculate_velocity()

        screen.fill([0, 0, 0])

        display_stats()

        pygame.draw.rect(screen, [0, 0, 255], [80, 350, 24, 100], 2) 

        fuelbar = 96 * fuel / 5000                                     

        pygame.draw.rect(screen, [0,255,0],

                [84,448-fuelbar,18, fuelbar], 0)         

        pygame.draw.rect(screen, [255, 0, 0],                            

                [25, 300, 10, 200],0)  

        screen.blit(moon, [0, 500, 400, 100])   

        pygame.draw.rect(screen, [60, 60, 60],                           

                [220, 535, 70, 5],0)           

        screen.blit(myThrottle.image, myThrottle.rect) 

        display_flames()                                                 

        screen.blit(ship, [230, y_pos, 50, 90])     

        instruct1 = "Land softly without running out of fuel"            

        instruct2 = "Good landing: < 15m/s   Great landing: < 5m/s"      

        inst1_font = pygame.font.Font(None, 24)                          

        inst1_surf = inst1_font.render(instruct1, 1, (255, 255, 255))    

创建推进器对象

燃油量

降落点

画出推进器滑块
画
出
所
有
内
容

画出月球

画出推力
操纵杆

画出飞船

主 Pygame 
事件循环开始

画出燃 
料表轮廓

        screen.blit(inst1_surf, [50, 550])                           

        inst2_font = pygame.font.Font(None, 24)                        

        inst2_surf = inst1_font.render(instruct2, 1, (255, 255, 255))

        screen.blit(inst2_surf, [20, 575])

        pygame.display.flip()  

    

    else:             

        display_final()

                  

    for event in pygame.event.get():                                

        if event.type == pygame.QUIT:                                

            running = False                                         

        elif event.type == pygame.MOUSEBUTTONDOWN:

            held_down = True                                        

        elif event.type == pygame.MOUSEBUTTONUP:                    

            held_down = False                                      

        elif event.type == pygame.MOUSEMOTION:                    

            if held_down:                                           

                myThrottle.rect.centery = event.pos[1]   

                if myThrottle.rect.centery < 300:                   

                    myThrottle.rect.centery = 300                    

                if myThrottle.rect.centery > 500:                    

                    myThrottle.rect.centery = 500                    

pygame.quit()

检查鼠标是否
拖动推进器

游戏结束。打
印最终得分

更新推 
进器位置
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试着运行这个程序。没准你会发现自己是一个不错的飞船驾驶员！如果你认为

这太简单了，可以修改代码，让重力更大一些，使飞船更重（质量更大），或者减少

一些燃料，还可以设置一个不同的起始高度或速度。你是程序员，所以游戏该怎么

做由你来决定。

Lunar Lander 仿真主要考虑重力。在本章后面的内容，我们将讨论仿真中另一个

重要的因素—时间。我们会建立一个需要跟踪时间的仿真。

24.3　跟踪时间

在很多仿真中，时间是一个重要的因素。有时我们希望时间加快，或者让事情

比真实世界中发生得更快，这样就不必等待那么长时间才能得出会发生什么。有时

可能希望慢下来，因为有些事情通常发生得太快让人来不及观察，通过让时间减慢，

就能更好地观察这样一些事情。有些时候则希望程序保持实时（real time）—就是

与真实世界中保持一致。不论哪种情况，我们都需要用某种时钟在程序中度量时间。

每个计算机都内置有一个时钟，可以用来度量时间。前面我们已经见过几个使

用和度量时间的例子。

在第 8 章，我们使用�� time.sleep()函数建立了一个倒计时的定时器。

在我们完成的几个 Pygame 程序中，使用了 Pygame 的�� time.delay 和

clock.tick函数来控制动画速度或帧速率。还使用 get_fps()检查动画运

行的快慢，这也是一种度量时间的方法（每一帧的平均时间）。

到目前为止，我们总是在程序运行时跟踪时间，不过有时还需要在程序不运行

时跟踪时间。如果在 Python 中建立一个电子宠物（Virtual Pet）程序，你可能并不希

望让它一直都在运行。你会玩一会，然后停止程序，以后再玩。在你离开期间，宠

物可能会累或者会饿，或者会去睡觉。所以程序需要知道从最后一次运行以来已经

过去了多长时间。

要做到这一点，可以让程序在关闭之前将信息（当前时间）保存到文件中。这

样一来，下一次启动时，程序可以读取这个文件，得到原来的时间，并检查当前时

间，比较这两个时间从而得出从程序上一次运行以来已经过去了多长时间。

Python 提供了一种特殊的对象来处理时间和日期。我们将在下一节更详细地学

习 Python 的日期和时间对象。

术语箱
将当前时间保存到文件中以备以后读取，这称为一个时间戳

（timestamp）。
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24.4　时间对象

Python 的日期和时间对象类在单独的 datetime模块中定义。datetime模块包

含处理日期、时间以及日期或时间之差（delta）的类。

我们要使用的第一种对象是 datetime对象。（没错，这个类与模块同名。）

datetime对象包含年、月、日、小时、分和秒。可以像这样创建一个 datetime对

象（在交互模式中）：

343 CHAPTER 24 Computer Simulations

check how fast the animation was running, which is a way of measuring time (the 
average time for each frame). 

So far, we have always kept track of time while the program was running, but sometimes 
you need to keep track of time even when the program is not running. If you made a Virtual 
Pet program in Python, you wouldn’t want to leave it running all the time. You’d want to 
play with it for a while, then stop and come back to it later. While you were away, you’d 
expect your pet to get tired or hungry, or to go to sleep. So the program needs to know 
how much time has passed since the last time it ran.

One way to do this is for the program to save a little piece of information—the current 
time—to a �le just before it shuts down. Then, next time it starts up, it can read the �le to 
get the previous time, check the current time, and compare the two to see how much time 
has passed since the program last ran.

Python has a special kind of object for 
working with times and dates. We’re going 
to learn a bit about Python’s date and time 
objects in the next section.

Time objects
Python’s date and time object classes are de�ned in their own datetime module. The 
datetime module has classes for working with dates, times, and the di�erence or delta 
between two dates or times.

The �rst kind of object we’ll use is a datetime object. (Yes, the class has the same name as 
the module.) The datetime object includes the year, month, day, hour, minute, and second. 
You create one like this (follow along in interactive mode):

The word delta  means “difference.” It’s a letter of the Greek 
alphabet, and it looks like this: � (a triangle).

Letters of the Greek alphabet are often used in science and math 
as a shorthand for certain quantities. Delta is used for a dif-
ference between two values. 

>>> import datetime
>>> when = datetime.datetime(2012, 10, 24, 10, 45, 56)

Module name Class name

When you save the current time to a 
file for reading back later, that’s 
called a timestamp . 

下面来看会得到什么：

344 Hello World!

Let’s see what we have:

We have created a datetime object, called when, which contains date and time values.

When creating a datetime object, the order of the parameters (the numbers in brackets) is 
year, month, day, hour, minute, second. But if you can’t remember that, you can put them in 
any order you want, as long as you tell Python which one is which, like this:

There are some other things you can do with datetime objects. You can get the individual 
pieces like year, day, or minute. You can also get a formatted string of the date and time. 
Try these in interactive mode:

A datetime object has both the date and the time. If you only care about the date, there’s 
also a date class that only has the year, month, and day. If you only care about the time, 
there’s a time class that only has the hour, minute, and second. Here’s what they look like:

Just like with the datetime object, you can pass the parameters in a di�erent order if you 
specify which is which:

There’s also a way to break up a datetime 
object into a date object and a time object:

>>> when = datetime.datetime(hour=10, year=2012, minute=45, month=10, 
                        second=56, day=24)

>>> print when.year
2012
>>> print when.day
24
>>> print when.ctime()
Wed Oct 24 10:45:56 2012

>>> today = datetime.date(month=10, day=24, year=2012)
>>> some_time = datetime.time(second=56, hour=10, minute=45)

>>> print when
2012-10-24 10:45:56

Gets individual parts of 
datetime object

Prints string 
version of date 
and time

>>> today = datetime.date(2008, 10, 24)
>>> some_time = datetime.time(10, 45, 56)
>>> print today
2012-10-24
>>> print some_time
10:45:56

>>> today = when.date()
>>> some_time = when.time()

我们创建了一个 datetime对象，名为 when，其中包含日期和时间值。

创建一个 datetime对象时，参数的顺序（括号中的数）应当是年、月、日、小

时、分和秒。不过如果你记不住这个顺序，也可以按任意顺序放置参数，只是要告

诉 Python 各个参数分别表示什么，如下：

344 Hello World!

Let’s see what we have:

We have created a datetime object, called when, which contains date and time values.

When creating a datetime object, the order of the parameters (the numbers in brackets) is 
year, month, day, hour, minute, second. But if you can’t remember that, you can put them in 
any order you want, as long as you tell Python which one is which, like this:

There are some other things you can do with datetime objects. You can get the individual 
pieces like year, day, or minute. You can also get a formatted string of the date and time. 
Try these in interactive mode:

A datetime object has both the date and the time. If you only care about the date, there’s 
also a date class that only has the year, month, and day. If you only care about the time, 
there’s a time class that only has the hour, minute, and second. Here’s what they look like:

Just like with the datetime object, you can pass the parameters in a di�erent order if you 
specify which is which:

There’s also a way to break up a datetime 
object into a date object and a time object:

>>> when = datetime.datetime(hour=10, year=2012, minute=45, month=10, 
                        second=56, day=24)

>>> print when.year
2012
>>> print when.day
24
>>> print when.ctime()
Wed Oct 24 10:45:56 2012

>>> today = datetime.date(month=10, day=24, year=2012)
>>> some_time = datetime.time(second=56, hour=10, minute=45)

>>> print when
2012-10-24 10:45:56

Gets individual parts of 
datetime object

Prints string 
version of date 
and time

>>> today = datetime.date(2008, 10, 24)
>>> some_time = datetime.time(10, 45, 56)
>>> print today
2012-10-24
>>> print some_time
10:45:56

>>> today = when.date()
>>> some_time = when.time()

还可以对 datetime对象做一些其他处理，你可以得到单个部分，比如年、日或

者分。还可以得到日期和时间的一个格式化字符串。在交互模式中试试下面的代码：

344 Hello World!

Let’s see what we have:

We have created a datetime object, called when, which contains date and time values.

When creating a datetime object, the order of the parameters (the numbers in brackets) is 
year, month, day, hour, minute, second. But if you can’t remember that, you can put them in 
any order you want, as long as you tell Python which one is which, like this:

There are some other things you can do with datetime objects. You can get the individual 
pieces like year, day, or minute. You can also get a formatted string of the date and time. 
Try these in interactive mode:

A datetime object has both the date and the time. If you only care about the date, there’s 
also a date class that only has the year, month, and day. If you only care about the time, 
there’s a time class that only has the hour, minute, and second. Here’s what they look like:

Just like with the datetime object, you can pass the parameters in a di�erent order if you 
specify which is which:

There’s also a way to break up a datetime 
object into a date object and a time object:

>>> when = datetime.datetime(hour=10, year=2012, minute=45, month=10, 
                        second=56, day=24)

>>> print when.year
2012
>>> print when.day
24
>>> print when.ctime()
Wed Oct 24 10:45:56 2012

>>> today = datetime.date(month=10, day=24, year=2012)
>>> some_time = datetime.time(second=56, hour=10, minute=45)

>>> print when
2012-10-24 10:45:56

Gets individual parts of 
datetime object

Prints string 
version of date 
and time

>>> today = datetime.date(2008, 10, 24)
>>> some_time = datetime.time(10, 45, 56)
>>> print today
2012-10-24
>>> print some_time
10:45:56

>>> today = when.date()
>>> some_time = when.time()

datetime对象分日期类和时间类。如果只关心日期，可以使用 date类，其中

只有年、月和日。如果只关心时间，可以使用 time类，其中只包括小时、分和秒。

术语箱
delta 的含义是“差”。这是一个希腊字母，看起来像是一个三角形（Δ）。

科学和数学领域经常使用希腊字母作为某些量的简写。delta 用于表示两个值之差。

      模块名

得到 datetime 
对象的单个部分

打印字符串版本 
的日期和时间

     类名
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如下所示：

类似于 datetime对象，如果指定了各个参数分别表示什么，完全可以按不同的

顺序传入参数：

344 Hello World!

Let’s see what we have:

We have created a datetime object, called when, which contains date and time values.

When creating a datetime object, the order of the parameters (the numbers in brackets) is 
year, month, day, hour, minute, second. But if you can’t remember that, you can put them in 
any order you want, as long as you tell Python which one is which, like this:

There are some other things you can do with datetime objects. You can get the individual 
pieces like year, day, or minute. You can also get a formatted string of the date and time. 
Try these in interactive mode:

A datetime object has both the date and the time. If you only care about the date, there’s 
also a date class that only has the year, month, and day. If you only care about the time, 
there’s a time class that only has the hour, minute, and second. Here’s what they look like:

Just like with the datetime object, you can pass the parameters in a di�erent order if you 
specify which is which:

There’s also a way to break up a datetime 
object into a date object and a time object:

>>> when = datetime.datetime(hour=10, year=2012, minute=45, month=10, 
                        second=56, day=24)

>>> print when.year
2012
>>> print when.day
24
>>> print when.ctime()
Wed Oct 24 10:45:56 2012

>>> today = datetime.date(month=10, day=24, year=2012)
>>> some_time = datetime.time(second=56, hour=10, minute=45)

>>> print when
2012-10-24 10:45:56

Gets individual parts of 
datetime object

Prints string 
version of date 
and time

>>> today = datetime.date(2008, 10, 24)
>>> some_time = datetime.time(10, 45, 56)
>>> print today
2012-10-24
>>> print some_time
10:45:56

>>> today = when.date()
>>> some_time = when.time()

还有一种方法可以把 datetime对象分解为 date对象和 time对象：

另外可以使用 datetime模块中 datetime类的 combine()方法把 date和

time对象结合起来构成 datetime对象：

345 CHAPTER 24 Computer Simulations

And you can combine a date and a time to make a datetime object by using the combine() 
method of the datetime class in the datetime module:

Now that we have seen what a datetime object is and some of its properties, we’ll look at 
how you can compare two of them to �nd the di�erence between them (how much time 
has passed between one and the other).

Di�erence between two times

Quite often in simulations, we need to know how much time has passed. For example, in a 
Virtual Pet program, we might need to know how much time has passed since the pet was 
fed so we can �gure out how hungry it is.

The datetime module has an object class that will help us �gure out the di�erence between 
two dates or times. The class is called timedelta. Remember that delta means “di�erence.” 
So a timedelta is a di�erence between two times.

To create a timedelta and �gure out the di�erence between two times, you just subtract 
them, like this:

Notice that, when we subtracted the two datetime objects, what we got wasn’t another 
datetime, but rather a timedelta object. Python does that automatically.

Small pieces of time

Up to now, we have just been looking at time measured in whole seconds. But the time 
objects (date, time, datetime, and timedelta) are more precise than that. They can measure 
down to the microsecond, which is one millionth of a second.

To see this, try out the now() method, which gives you the current time of your computer’s 
clock:

>>> yesterday = datetime.datetime(2012, 10, 23)
>>> tomorrow = datetime.datetime(2012, 10, 25)
>>> difference = tomorrow - yesterday
>>> print difference
2 days, 0:00:00
>>> print type(difference)
<type 'datetime.timedelta'>
>>>

>>> when = datetime.datetime.combine(today, some_time)

Gets the 
difference of the 
two dates

Tomorrow and 
yesterday are 2 
days apart The difference is a 

timedelta object

>>> print datetime.datetime.now()
2012-10-24 21:25:44.343000

我们已经知道了什么是 datetime对象，也了解了它的一些属性，下面来看如何

比较两个 datetime 对象，得到它们的差（两个时间之间间隔多长）。

两个时间之差

在仿真中，我们常常需要知道经过了多长时间。例如，在一个电子宠物程序中，

可能需要知道上一次给宠物喂食之后过去了多长时间，来确定它是不是饿了。

datetime模块为此提供了一个对象类，可以帮助我们得出两个日期或时间之

差。这个类名为 timedelta。应该记得 delta 表示“差”。所以 timedelta就是两

个时间之差。

要创建一个 timedelta，得到两个时间之差，只需要将这两个时间相减，如下：

>>> import datetime

>>> yesterday = datetime.datetime(2012, 10, 23)

>>> tomorrow = datetime.datetime(2012, 10, 25)

>>> difference = tomorrow - yesterday 

>>> print difference

2 days, 0:00:00 

>>> print type(difference)

<type 'datetime.timedelta'>  

模块名　 类名 方法

得到两个 
日期之差

明天和昨 
天相差 2 天

这个差是一个 
timedelta 对象

344 Hello World!

Let’s see what we have:

We have created a datetime object, called when, which contains date and time values.

When creating a datetime object, the order of the parameters (the numbers in brackets) is 
year, month, day, hour, minute, second. But if you can’t remember that, you can put them in 
any order you want, as long as you tell Python which one is which, like this:

There are some other things you can do with datetime objects. You can get the individual 
pieces like year, day, or minute. You can also get a formatted string of the date and time. 
Try these in interactive mode:

A datetime object has both the date and the time. If you only care about the date, there’s 
also a date class that only has the year, month, and day. If you only care about the time, 
there’s a time class that only has the hour, minute, and second. Here’s what they look like:

Just like with the datetime object, you can pass the parameters in a different order if you 
specify which is which:

There’s also a way to break up a datetime 
object into a date object and a time object:

when = datetime.datetime(hour=10, year=2008, minute=45, month=10, 
                        second=56, day=24)

>>> print when.year
2008
>>> print when.day
23
>>> print when.ctime()
Fri Oct 24 10:45:56 2008

>>> today = datetime.date(month=10, day=24, year=2008)
>>> some_time = datetime.time(second=56, hour=10, minute=45)

>>> print when
2008-10-24 10:45:56
>>>

Gets individual parts of 
datetime object

Prints string 
version of date 
and time

>>> today = datetime.date(2008, 10, 24)
>>> some_time = datetime.time(10, 45, 56)
>>> print today
2008-10-24
>>> print some_time
10:45:56

>>> today = when.date()
>>> some_time = when.time()

>>> today = datetime.date(2012, 10, 24)

>>> some_time = datetime.time(10, 45, 56)

>>> print today

2012-10-24

>>> print some_time

10:45:56
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注意，将两个 datetime对象相减时，我们得到的不是另一个 datetime，而是

一个 timedelta对象。Python 会自动完成这一点。

小段时间

到目前为止，我们一直都在讨论按整秒度量的时间。但是时间对象（date、time、

datetime和 timedelta）比这更精确。它们可以精确度量到微秒级，也就是百万分

之一秒。

要了解这一点，可以试试 now()方法，它会给出计算机时钟的当前时间：

345 CHAPTER 24 Computer Simulations

And you can combine a date and a time to make a datetime object by using the combine() 
method of the datetime class in the datetime module:

Now that we have seen what a datetime object is and some of its properties, we’ll look at 
how you can compare two of them to �nd the di�erence between them (how much time 
has passed between one and the other).

Di�erence between two times

Quite often in simulations, we need to know how much time has passed. For example, in a 
Virtual Pet program, we might need to know how much time has passed since the pet was 
fed so we can �gure out how hungry it is.

The datetime module has an object class that will help us �gure out the di�erence between 
two dates or times. The class is called timedelta. Remember that delta means “di�erence.” 
So a timedelta is a di�erence between two times.

To create a timedelta and �gure out the di�erence between two times, you just subtract 
them, like this:

Notice that, when we subtracted the two datetime objects, what we got wasn’t another 
datetime, but rather a timedelta object. Python does that automatically.

Small pieces of time

Up to now, we have just been looking at time measured in whole seconds. But the time 
objects (date, time, datetime, and timedelta) are more precise than that. They can measure 
down to the microsecond, which is one millionth of a second.

To see this, try out the now() method, which gives you the current time of your computer’s 
clock:

>>> yesterday = datetime.datetime(2012, 10, 23)
>>> tomorrow = datetime.datetime(2012, 10, 25)
>>> difference = tomorrow - yesterday
>>> print difference
2 days, 0:00:00
>>> print type(difference)
<type 'datetime.timedelta'>
>>>

>>> when = datetime.datetime.combine(today, some_time)

Gets the 
difference of the 
two dates

Tomorrow and 
yesterday are 2 
days apart The difference is a 

timedelta object

>>> print datetime.datetime.now()
2012-10-24 21:25:44.343000

注意这个时间不仅仅包含秒，还包括不到 1 秒的部分：

346 Hello World!

Notice how the time doesn’t just 
have seconds, it has fractions of a second:

On my computer, the last three digits will always be 0 because my operating system’s 
clock only goes to milliseconds (thousandths of a second). But that’s plenty precise enough 
for me!

It’s important to know that, although it looks like a float, the seconds are actually stored as 
a number of seconds (an integer) and a number of microseconds (an integer): 44 seconds 
and 343000 microseconds. To make this into a float, you need a little formula. Assuming you 
have a time object called some_time, and you want the number of seconds as a float, here’s 
what the formula looks like:

The float() function is used to make sure we don’t get 
caught by the integer-division gotcha.

You can use the now() method and a timedelta object to 
test your typing speed. The program in listing 24.2 
displays a random message, and the user has to type the 
same message in. The program times how long it takes to 
type it in, and then calculates the typing speed. 
Give it a try.

import time, datetime, random

messages = [
    "Of all the trees we could've hit, we had to get one that hits back.",
    "If he doesn't stop trying to save your life he's going to kill you.",
    "It is our choices that show what we truly are, far more than our abilities.",
    "I am a wizard, not a baboon brandishing a stick.",
    "Greatness inspires envy, envy engenders spite, spite spawns lies.",
    "In dreams, we enter a world that's entirely our own.",
    "It is my belief that the truth is generally preferable to lies.",
    "Dawn seemed to follow midnight with indecent haste."
    ]

print "Typing speed test. Type the following message. I will time you."
time.sleep(2)
print "\nReady..."
time.sleep(1)
print "\nSet..."
time.sleep(1)
print "\nGo:"

seconds_float = some_time.seconds + some_time.microseconds / float(1000000)

Listing 24.2 Measuring time differences—typing speed test

44.343000

Uses time module for 
the sleep() function

Prints instructions

我的计算机上，最后 3 位总是 0，因为我的操作系统的时钟只能精确到毫秒（千

分之一秒）。不过对我来说这已经足够精确了！

有一点很重要，尽管秒部分看起来像是浮点数，但它实际上存储为秒数（整数）

和微秒数（整数），也就是 44 秒和 343 000 微秒。要把它转换为浮点数还需要一个小

公式。假设有一个名为 some_time的时间对象，如果希望按浮点数形式得到秒数，

相应的公式如下：

346 Hello World!

Notice how the time doesn’t just 
have seconds, it has fractions of a second:

On my computer, the last three digits will always be 0 because my operating system’s 
clock only goes to milliseconds (thousandths of a second). But that’s plenty precise enough 
for me!

It’s important to know that, although it looks like a float, the seconds are actually stored as 
a number of seconds (an integer) and a number of microseconds (an integer): 44 seconds 
and 343000 microseconds. To make this into a float, you need a little formula. Assuming you 
have a time object called some_time, and you want the number of seconds as a float, here’s 
what the formula looks like:

The float() function is used to make sure we don’t get 
caught by the integer-division gotcha.

You can use the now() method and a timedelta object to 
test your typing speed. The program in listing 24.2 
displays a random message, and the user has to type the 
same message in. The program times how long it takes to 
type it in, and then calculates the typing speed. 
Give it a try.

import time, datetime, random

messages = [
    "Of all the trees we could've hit, we had to get one that hits back.",
    "If he doesn't stop trying to save your life he's going to kill you.",
    "It is our choices that show what we truly are, far more than our abilities.",
    "I am a wizard, not a baboon brandishing a stick.",
    "Greatness inspires envy, envy engenders spite, spite spawns lies.",
    "In dreams, we enter a world that's entirely our own.",
    "It is my belief that the truth is generally preferable to lies.",
    "Dawn seemed to follow midnight with indecent haste."
    ]

print "Typing speed test. Type the following message. I will time you."
time.sleep(2)
print "\nReady..."
time.sleep(1)
print "\nSet..."
time.sleep(1)
print "\nGo:"

seconds_float = some_time.seconds + some_time.microseconds / float(1000000)

Listing 24.2 Measuring time differences—typing speed test

44.343000

Uses time module for 
the sleep() function

Prints instructions

这里使用 float()函数来确保不会遭遇整数

相除问题。

可以使用 now()方法和一个 timedelta对象

来测试你的打字速度。代码清单 24-2 中的程序会

显示一条随机消息，用户必须键入这条消息。程序

将检查用户键入这条消息所用的时间，然后计算出

打字速度。你可以试试看。

代码清单 24-2　度量时间差—打字速度测试

346 Hello World!

Notice how the time doesn’t just 
have seconds, it has fractions of a second:

On my computer, the last three digits will always be 0 because my operating system’s 
clock only goes to milliseconds (thousandths of a second). But that’s plenty precise enough 
for me!

It’s important to know that, although it looks like a float, the seconds are actually stored as 
a number of seconds (an integer) and a number of microseconds (an integer): 44 seconds 
and 343000 microseconds. To make this into a float, you need a little formula. Assuming you 
have a time object called some_time, and you want the number of seconds as a float, here’s 
what the formula looks like:

The float() function is used to make sure we don’t get 
caught by the integer-division gotcha.

You can use the now() method and a timedelta object to 
test your typing speed. The program in listing 24.2 
displays a random message, and the user has to type the 
same message in. The program times how long it takes to 
type it in, and then calculates the typing speed. 
Give it a try.

import time, datetime, random

messages = [
    "Of all the trees we could've hit, we had to get one that hits back.",
    "If he doesn't stop trying to save your life he's going to kill you.",
    "It is our choices that show what we truly are, far more than our abilities.",
    "I am a wizard, not a baboon brandishing a stick.",
    "Greatness inspires envy, envy engenders spite, spite spawns lies.",
    "In dreams, we enter a world that's entirely our own.",
    "It is my belief that the truth is generally preferable to lies.",
    "Dawn seemed to follow midnight with indecent haste."
    ]

print "Typing speed test. Type the following message. I will time you."
time.sleep(2)
print "\nReady..."
time.sleep(1)
print "\nSet..."
time.sleep(1)
print "\nGo:"

seconds_float = some_time.seconds + some_time.microseconds / float(1000000)

Listing 24.2 Measuring time differences—typing speed test

44.343000

Uses time module for 
the sleep() function

Prints instructions

为使用 sleep() 函数， 
导入 time 模块
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346 Hello World!

Notice how the time doesn’t just 
have seconds, it has fractions of a second:

On my computer, the last three digits will always be 0 because my operating system’s 
clock only goes to milliseconds (thousandths of a second). But that’s plenty precise enough 
for me!

It’s important to know that, although it looks like a float, the seconds are actually stored as 
a number of seconds (an integer) and a number of microseconds (an integer): 44 seconds 
and 343000 microseconds. To make this into a float, you need a little formula. Assuming you 
have a time object called some_time, and you want the number of seconds as a float, here’s 
what the formula looks like:

The float() function is used to make sure we don’t get 
caught by the integer-division gotcha.

You can use the now() method and a timedelta object to 
test your typing speed. The program in listing 24.2 
displays a random message, and the user has to type the 
same message in. The program times how long it takes to 
type it in, and then calculates the typing speed. 
Give it a try.

import time, datetime, random

messages = [
    "Of all the trees we could've hit, we had to get one that hits back.",
    "If he doesn't stop trying to save your life he's going to kill you.",
    "It is our choices that show what we truly are, far more than our abilities.",
    "I am a wizard, not a baboon brandishing a stick.",
    "Greatness inspires envy, envy engenders spite, spite spawns lies.",
    "In dreams, we enter a world that's entirely our own.",
    "It is my belief that the truth is generally preferable to lies.",
    "Dawn seemed to follow midnight with indecent haste."
    ]

print "Typing speed test. Type the following message. I will time you."
time.sleep(2)
print "\nReady..."
time.sleep(1)
print "\nSet..."
time.sleep(1)
print "\nGo:"

seconds_float = some_time.seconds + some_time.microseconds / float(1000000)

Listing 24.2 Measuring time differences—typing speed test

44.343000

Uses time module for 
the sleep() function

Prints instructions
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message = random.choice(messages)
print "\n " + message
start_time = datetime.datetime.now()
typing = raw_input('>')
end_time = datetime.datetime.now()
diff = end_time - start_time
typing_time = diff.seconds + diff.microseconds / float(1000000)
cps = len(message) / typing_time
wpm = cps * 60 / 5.0
print "\nYou typed %i characters in %.1f seconds." % (len(message),
                              typing_time)
print "That's %.2f chars per sec, or %.1f words per minute" %(cps, wpm)
if typing == message:
    print "You didn't make any mistakes."
else:
    print "But, you made at least one mistake."

There’s one more thing you should know about timedelta objects. Unlike datetime objects, 
which have year, month, day, hour, minute, second (and microseconds), a timedelta object 
only has days, seconds, and microseconds. If you want the months or years, you have to cal-
culate them from the number of days. If you want minutes or hours, you have to calculate 
them from the seconds.

Saving time to a file
As we mentioned at the start of the chapter, sometimes we need to save a time value to a 
file (on the hard disk) so it can be saved even when the program isn’t running. If you save 
the now() time whenever a program finishes, you can check the time when the program 
starts again and print a message like this:

Of course, most programs don’t do that, but there are some programs that need to know 
how long they have been idle, or not running. One example is a Virtual Pet program. Just 
like the virtual pet keychains you can buy, you might want the program to keep track of 
time even when you’re not using it. So, for example, if you end the program and then come 
back to it two days later, your virtual pet should be very hungry! The only way for the pro-
gram to know how hungry the pet should be is for it to know how much time has passed 
since the last time it was fed. That includes the time the program was shut down.

There are a couple of ways we could save the time to a file. We could just write a string to 
the file, like this: 

It has been 2 days, 7 hours, 23 minutes since you last used this program.

Picks message from list

Starts clock

Stops clock Calculates 
elapsed time

For typing speed, 
1 word = 5 characters

Displays results with
print formatting

timeFile.write ("2008-10-24 14:23:37")

打印指令

从列表中选取消息

启动时钟

停止时钟 计算经过 
的时间

利用打印 
格式化显示结果

计算打字速度时， 
1 个词＝ 5 个字符

关于 timedelta对象还有一点应当知道。与 datetime对象不同（datetime对

象包含年、月、日、小时、分和秒（以及微秒）），timedelta对象只有日、秒和微

秒。如果想得到月或年，必须根据天数计算出来。如果希望得到分或小时数，必须

根据秒数来计算。

24.5　把时间保存到文件

在本章最前面我们提到过，有时需要把一个时间值保存到（硬盘上的）文件中，

这样一来，即使程序没有运行，这条信息也能得到保存。如果程序结束时保存当前

时间（now()），程序再次启动时就可以检查这个时间，并打印这样的一条消息：

347 CHAPTER 24 Computer Simulations

message = random.choice(messages)
print "\n " + message
start_time = datetime.datetime.now()
typing = raw_input('>')
end_time = datetime.datetime.now()
diff = end_time - start_time
typing_time = diff.seconds + diff.microseconds / float(1000000)
cps = len(message) / typing_time
wpm = cps * 60 / 5.0
print "\nYou typed %i characters in %.1f seconds." % (len(message),
                              typing_time)
print "That's %.2f chars per sec, or %.1f words per minute" %(cps, wpm)
if typing == message:
    print "You didn't make any mistakes."
else:
    print "But, you made at least one mistake."

There’s one more thing you should know about timedelta objects. Unlike datetime objects, 
which have year, month, day, hour, minute, second (and microseconds), a timedelta object 
only has days, seconds, and microseconds. If you want the months or years, you have to cal-
culate them from the number of days. If you want minutes or hours, you have to calculate 
them from the seconds.

Saving time to a file
As we mentioned at the start of the chapter, sometimes we need to save a time value to a 
file (on the hard disk) so it can be saved even when the program isn’t running. If you save 
the now() time whenever a program finishes, you can check the time when the program 
starts again and print a message like this:

Of course, most programs don’t do that, but there are some programs that need to know 
how long they have been idle, or not running. One example is a Virtual Pet program. Just 
like the virtual pet keychains you can buy, you might want the program to keep track of 
time even when you’re not using it. So, for example, if you end the program and then come 
back to it two days later, your virtual pet should be very hungry! The only way for the pro-
gram to know how hungry the pet should be is for it to know how much time has passed 
since the last time it was fed. That includes the time the program was shut down.

There are a couple of ways we could save the time to a file. We could just write a string to 
the file, like this: 

It has been 2 days, 7 hours, 23 minutes since you last used this program.

Picks message from list

Starts clock

Stops clock Calculates 
elapsed time

For typing speed, 
1 word = 5 characters

Displays results with
print formatting

timeFile.write ("2008-10-24 14:23:37")

当然，大多数程序不会这样做，不过确实有一些程序需要知道已经有多长时间空

闲（没有运行），电子宠物程序就是这样一个例子。就像几年前流行的电子宠物钥匙链

一样，你可能希望即使你没有使用程序，它仍然会跟踪时间。例如，如果你结束程序之

后过了两天再来看你的电子宠物，它应该会非常饿！程序要知道宠物有多饿，只有一

个办法，就是要知道从最后一次喂食到现在隔了多长时间。这也包括程序关闭的时间。

为使用 Sleep() 函数，
导入 time 模块
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将时间保存到一个文件中有两种方法。可以把一个字符串直接写入文件，如下：

347 CHAPTER 24 Computer Simulations

message = random.choice(messages)
print "\n " + message
start_time = datetime.datetime.now()
typing = raw_input('>')
end_time = datetime.datetime.now()
diff = end_time - start_time
typing_time = diff.seconds + diff.microseconds / float(1000000)
cps = len(message) / typing_time
wpm = cps * 60 / 5.0
print "\nYou typed %i characters in %.1f seconds." % (len(message),
                              typing_time)
print "That's %.2f chars per sec, or %.1f words per minute" %(cps, wpm)
if typing == message:
    print "You didn't make any mistakes."
else:
    print "But, you made at least one mistake."

There’s one more thing you should know about timedelta objects. Unlike datetime objects, 
which have year, month, day, hour, minute, second (and microseconds), a timedelta object 
only has days, seconds, and microseconds. If you want the months or years, you have to cal-
culate them from the number of days. If you want minutes or hours, you have to calculate 
them from the seconds.

Saving time to a file
As we mentioned at the start of the chapter, sometimes we need to save a time value to a 
�le (on the hard disk) so it can be saved even when the program isn’t running. If you save 
the now() time whenever a program �nishes, you can check the time when the program 
starts again and print a message like this:

Of course, most programs don’t do that, but there are some programs that need to know 
how long they have been idle, or not running. One example is a Virtual Pet program. Just 
like the virtual pet keychains you can buy, you might want the program to keep track of 
time even when you’re not using it. So, for example, if you end the program and then come 
back to it two days later, your virtual pet should be very hungry! The only way for the pro-
gram to know how hungry the pet should be is for it to know how much time has passed 
since the last time it was fed. That includes the time the program was shut down.

There are a couple of ways we could save the time to a �le. We could just write a string to 
the �le, like this: 

It has been 2 days, 7 hours, 23 minutes since you last used this program.

Picks message from list

Starts clock

Stops clock Calculates 
elapsed time

For typing speed, 
1 word = 5 characters

Displays results with
print formatting

timeFile.write ("2012-10-24 14:23:37")

要读这个时间戳时，可以使用一些字符串方法（如 split()）将这个字符串分

解为各个部分，如天、月、年以及小时、分和秒。这种做法应该是可行的。

另一种方法是使用 pickle模块，这在第 22 章介绍过。pickle模块允许你把任

何类型的变量保存到文件中，也包括对象。由于我们要使用 datetime对象跟踪时

间，所以使用 pickle可以很容易地把时间对象存入文件，还能很方便地读取。

下面来看一个非常简单的例子，它会打印一条消息，指出程序最后一次运行的

时间。这个程序要完成下面的工作。

查找一个 pickle 文件并打开这个文件。Python 有一个�� os（操作系统 operating 
system 的简写）模块，可以告诉我们这个文件是否存在。这里要使用的方法

名为 isfile()。

如果文件存在，就认为程序之前运行过，得出它最后一次运行的时间（根据��

pickle 文件中的时间得出）。

然后用当前时间写一个新的 pickle 文件。��

如果这是程序第一次运行，就没有 pickle 文件可以打开，所以会显示一条消��

息，指出我们创建了一个新的 pickle 文件。

代码清单 24-3 给出了这个程序的代码。可以试试看结果如何。

代码清单 24-3　使用 pickle把时间保存到文件中

348 Hello World!

Then, when we want to read the timestamp, we’ll use some string methods like split() to 
break the string up into the various parts, like day, month, year and hour, minute, second. 
That should work just fine.

The other way is to use the pickle module, which we saw in chapter 22. The pickle 
module lets you save any kind of variable to a file, including objects. Because we’ll be using 
datetime objects to keep track of time, it should be quite easy to use pickle to save them 
to a file and read them back again.

Let’s try a very simple example that just prints a message saying when the program was last 
run. It will need to do these things:

� It will look for a pickle file and open it. Python has a module called os (short for “oper-
ating system”) that can tell us if the file exists. The method we’ll use is called isfile().

� If the file exists, we’ll assume that the program has run before, and we’ll find out when 
it last ran (from the time in the pickle file). 

� Then we’ll write a new pickle file with the current time. 
� If this is the first time the program has run, there will be no pickle file to open, so we’ll 

display a message saying we created a new pickle file.

Listing 24.3 has the code. Try it and see how it works.

import datetime, pickle
import os

first_time = True
if os.path.isfile("last_run.pkl"):
    pickle_file = open("last_run.pkl", 'r')
    last_time = pickle.load(pickle_file)
    pickle_file.close()
    print "The last time this program was run was ", last_time
    first_time = False

pickle_file = open("last_run.pkl", 'w')
pickle.dump(datetime.datetime.now(), pickle_file)
pickle_file.close()
if first_time:
    print "Created new pickle file."

Now we have all the pieces we need to make a simple Virtual Pet program, which we’ll do in 
the next section.

Listing 24.3 Saving time to a file using pickle

Imports datetime, 
pickle, and os modules

Checks if the pickle file exists

Opens pickle file for 
reading (if it exists)

Unpickles the datetime object

Opens (or creates) the 
pickle file for writing

Pickles the datetime 
object of the current time

导入 datetime、 
pickle 和 os 模块

检查 pickle
文件是否存在

还原 datetime 对象

打开（或创建） 
pickle 文件来写入信息

存入当前时间的 
datetime 对象

打开 pickle 文件行进行
读取（如果文件存在）
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现在已经万事俱备，可以建立简单的电子宠物程序了，下一节就来建立这样一

个程序。

24.6　电子宠物

我们将要建立一个简化了的电子宠物程序，正如前面所说的一样，这是一种仿

真。你可以购买电子宠物玩具（比如有一个小屏幕的钥匙链），下载电子宠物软件，

还有一些网站（如 Neopets 和 Webkinz），就采用了电子宠物的形式。当然，所有这

些也都是仿真。它们会模仿一些真实动物的行为，会饿，会感到孤单，会觉得累。

要让它们快乐健康，你必须给它们喂食，和它们玩，还要带它们看病。

我们的电子宠物会简单得多，与你购买或在线玩的电子宠物相比没有那么真实，

因为我只是想让你有一些基本认识，而且我不希望代码太过复杂。不过你可以在这

个简化版本的基础上，根据你的想法进行扩展或改进。

我们的程序要具备以下特性。

对这个宠物可以有 4 种活动：给它喂食、带它散步、和它玩或者带它看病。��

Feed      Walk      Play    Doctor

可以监测这个宠物的 3 种统计信息：饥饿感、快乐度和健康度。 ��

宠物可以醒着或者睡觉。��

 

饥饿感会随时间增加。可以通过喂食减少饥饿感。��

宠物睡觉时饥饿感的增加会减慢。��

如果宠物在睡觉，你做任何活动都会让它醒过来。��

如果宠物太饿了，它的快乐度会减少。��

如果宠物实在太饿了，它的健康度会减少。��

带宠物散步会同时增加它的快乐度和健康度。��
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与宠物玩会让它的快乐度增加。��

带宠物看病会让它的健康度增加。��

宠物有 6 个不同的图片：��

■ 一个睡觉的图片；

■ 一个醒着但什么也不做的图片；

■ 一个散步的图片；

■ 一个玩耍的图片；

■ 一个进食的图片；

■ 一个看病的图片。

图片可以使用一些简单的动画。后面几节我们将看到如何把所有这些整合在一

起构成一个程序。

GUI

卡特和我为我们的电子宠物程序创建了一个

PyQt GUI。其中有一些按钮（实际上是工具条上

的图标）用来完成活动，还有一些进度条显示重

要的统计信息。另外还留有一个位置显示宠物的

图片（宠物正在做什么）。

注意，窗口的标题栏上写着 Virtual Pet（虚

拟宠物）。怎么设置窗口标题呢？在 Qt Designer
应用中新建一个窗口，然后在对象检查器中点击

MainWindow 对象。之后，在属性编辑器中找到

windowTitle属性，将它改为 Virtual Pet（或者你

想在标题栏中显示的任意文字）。

用来控制宠物活动的一组按钮是 PyQt 中一种

叫做工具栏（Toolbar）的组件。工具栏和菜单栏一

样也有行为，但不同之处在于，工具栏中的每个行

为都有一个与之关联的图标。

 

图灵社区会员 FreeLink 专享 尊重版权



24.6　电子宠物　　359

要添加一个工具栏，右键点击主窗口，

然后选择 Add Toolbar（添加工具栏）。这会

在窗口顶部创建一个非常小的工具栏。在对

象检查器中找到工具栏，点击它。然后在属

性编辑器中找到 minimumSize属性，将它

的宽设为 100，高设为 50。

要将行为（图标）添加到工具栏上，

点击 Qt Designer 右下角的 Action Editor（行

为编辑器）标签。在 Action Editor 面板中任

意位置点击右键，然后选择 New（新建）。

你会看到一个用来添加新行为的对话框。你

唯一需要输入的是 Text，Qt Designer 会自

动填写对象名称。然后在中间找到三个点

（...）的小按钮，点击右边的向下箭头，选

择 Choose File，接着选择你想在工具栏按钮

上使用的图片文件。

要在工具栏中添加新图标还有最后一

步要做。一旦你创建了新的行为，就能在

Action Editor 的列表中看到它。现在你需要

将它拖到工具栏上。当你拖过来时，你为新行为选择的图像将会作为工具栏的新图标

出现。Qt Designer 会自动缩放图片以适应工具栏的大小。

血量是名为 Progress Bar（进度条）的组件类型。主图像是一个 Push Button（我

们之前用过），通过设置它的属性，可以让它看起来不像普通的按钮，而是显示一幅

图像。

窗口中其余部分的文本是 Label 组件。

你可以像这样使用 PyQt Designer 创建一个 GUI。你也可以（从示例文件夹中）

将我们创建好的 GUI 加载到 Qt Desinger 中，以检查这些组件和它们的属性。

算法

要为电子宠物程序写代码，需要更明确地了解宠物的行为。以下是我们要使用

的算法。

我们把宠物的一“天”分为 60 个部分，每一部分称为一个“滴答”。每个滴��

答的实际时间是 5 秒钟，所以宠物的“一天”就是我们实际时间的 5 分钟。
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宠物在 48 个滴答中都醒着，然后它想睡 12 个滴答。你可以把它叫醒，不过��

这样会让它很不高兴！

饥饿感、快乐度和健康度的范围都是 0 到 8。��

醒着时，饥饿感每个滴答会增加 1 个单位，快乐度每 2 个滴答减少 1 个单位��

（除非在散步或者玩）。

睡觉时，饥饿感每 3 个滴答增加 1 个单位。��

进食时，饥饿感每个滴答减少 2 个单位。��

玩时，快乐度每个滴答增加 1 个单位。��

散步时，快乐度和健�� 康度每 2 个滴答增加 1 个单位。

看病时，健康度每个滴答增加 1 个单位。��

如果饥饿感达到 7，健康度每�� 2 个滴答减少 1 个单位。

如果饥饿感达到 8，健康度每个滴答减少 1 个单位。��

如果睡觉时被叫醒，快乐度减少 4 个单位。��

如果程序不在运行，宠物可能醒着（什么也不做），也可能在睡觉。��

程序重启时，我们会统计过去了多少滴答，并对应过去的每个滴答更新统计��

信息。

看起来好像规则很多，不过编写代码其实很容易。实际上，你可能还想增加更

多的行为，让它更加有趣。稍后就会给出代码（还会做一些解释）。

简单动画

并不总是需要 Pygame 才能完成动画。我们可以在 PyQt 中通过使用定时器完成

简单的动画。定时器每隔一段时间会创建一个事件。可以编写一个事件处理器，在

定时器到时间时让某个事情发生。这就类似于为一个用户动作编写事件处理器，比

如说点击一个按钮，只不过定时器事件是由程序（而不是用户）生成的。定时器到

时间时生成的事件类型是 timeout事件。

我们的电子宠物 GUI 将使用两个定时器：一个用于动画，另一个用于滴答。动

画每半秒（0.5 秒）更新一次，滴答每 5 秒发生一次。

动画定时器时间到时，我们会所显示宠物的图像。每个活动（进食、玩等）都

有自己的一组图像来实现动画，每组图像将存储在一个列表中。动画会循环显示这

个列表中的所有图像。程序将根据正在进行的活动来确定使用哪个列表。

试一试，再试一试

这个程序中还要使用一个新内容，这称为 try-except块。

如果程序要做一件事情，而且这个事情有可能导致错误，那么最好提供一种办
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法来收集错误消息并进行处理，而不是让程序直接停止。这可以利用 try-except块

来做到。

例如，如果想打开一个文件，但是这个文件并不存在，你就会得到一条错误消

息。如果你没有处理这个错误，程序会在这里停止。不过，也许你想让用户重新输

入文件名（没准她只是敲错了）。利用 try-except块，你可以获取到错误信息并继

续执行。

对于打开文件的例子，try-except块如下所示：

352 Hello World!

Here’s what it looks like, using the example of opening a file:

The thing that you want to try (that might cause an error) goes in the try block. In this case, 
it’s trying to open a file. If that happens without an error, the except part is skipped. 

If the code in the try block causes an error, the code in the except block runs. The code 
in the except block tells the program what to do if there was an error. You can think of it 
this way:

The try-except statements are Python’s way of doing what’s generally called error handling. 
Error handling lets you write code where things can go wrong—even things that would 
normally stop your program—so that your program will still work. We’re not going to talk 
about error handling in any more detail in this book, but I wanted to show you the basics, 
because you’ll see it in the Virtual Pet code.

Let’s have a look at the code, which is shown in listing 24.4. The notes will explain most of 
what’s going on. This one is a bit long, so if you don’t feel like typing it all in, you can find it 
in the \examples\VirtualPet folder (if you ran the book’s installer). It can also be down-
loaded from the book’s web site (www.helloworldbook.com). The PythonCard resource file 
and all the graphics are there too. Try running it, and then look at the code and make sure 
you understand how it works.

from PythonCard import model, timer, dialog
import pickle, datetime, wx

class MyBackground(model.Background):

    def on_initialize(self, event):
        self.doctor = False
        self.walking = False
        self.sleeping = False
        self.playing = False
        self.eating = False
        self.time_cycle = 0
        self.hunger = 0
        self.happiness  = 8
        self.health = 8

try:
    file = open("somefile.txt", "r")
except:
    print "Couldn't open the file.  Do you want to reenter the filename?"

Listing 24.4 VirtualPet.py

try:
    to do this (don’t do anything else...)
except:
    if there was an error, then do this

Initializes 
values

你想尝试的部分（可能导致一个错误）要放在 try块中。在这个例子中就是尝

试打开一个文件。如果可以打开文件而不会导致错误，就会跳过 except部分。

如果 try块中的代码确实导致一个错误，就会运行 except块中的代码。

except块中的代码告诉程序一旦出现错误该做些什么。你可以这样来考虑：

try:
    做这件事 (不做其他事情……)
except:
    如果有错误，就做这件事

try-except语句是 Python 处理错误所采用的方法，这通常称为错误处理

（error handling）。错误处理允许你编写可能出错的代码（甚至是很严重的错误，倘若

没有错误处理，这些错误在正常情况下甚至会让你的程序停止），使程序仍能继续运

行。我们不打算在这本书里更详细地讨论错误处理，不过我希望你能了解一些基础

知识，因为在电子宠物代码中就会看到错误处理。

下面来看这个代码，见代码清单 24-4。这里的说明已经对大部分工作做了解

释。这个代码有点长，所以如果你不想自己键入，可以在 \Examples\VirtualPet 文件

夹找到这个程序（如果你运行了本书的安装程序）。也可以从这本书的网站（www.
helloworldbook2.com）下载。PyQt UI 文件和所有图片也都已经提供。试着运行这个

程序，然后再看代码，确保你能理解它是如何工作的。
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代码清单 24-4　VirtualPet.py

import sys, pickle,datetime

from PyQt4 import QtCore, QtGui, uic

formclass, baseclass = uic.loadUiType("mainwindow.ui")

class MyForm(baseclass, formclass):

    def __init__(self, parent=None):

        QtGui.QMainWindow.__init__(self, parent)

        self.setupUi(self)

        self.doctor = False

        self.walking = False                                           

        self.sleeping = False                                          

        self.playing = False                                           

        self.eating = False                                            

        self.time_cycle = 0                                            

        self.hunger = 0                                                

        self.happiness  = 8                                            

        self.health = 8                                                

        self.forceAwake = False

        self.sleepImages = ["sleep1.gif","sleep2.gif","sleep3.gif",    

                            "sleep4.gif"]

        self.eatImages = ["eat1.gif", "eat2.gif"]                      

        self.walkImages = ["walk1.gif", "walk2.gif", "walk3.gif",      

                           "walk4.gif"]                                

        self.playImages = ["play1.gif", "play2.gif"]                  

        self.doctorImages = ["doc1.gif", "doc2.gif"]                   

        self.nothingImages  = ["pet1.gif", "pet2.gif", "pet3.gif"]  

        

        self.imageList = self.nothingImages

        self.imageIndex = 0

        

        self.actionStop.triggered.connect(self.stop_Click)

        self.actionFeed.triggered.connect(self.feed_Click)             

        self.actionWalk.triggered.connect(self.walk_Click)             

        self.actionPlay.triggered.connect(self.play_Click)            

        self.actionDoctor.triggered.connect(self.doctor_Click)        

        

        self.myTimer1 = QtCore.QTimer(self)   

        self.myTimer1.start(500)                                       

        self.myTimer1.timeout.connect(self.animation_timer)            

                                                                       

        self.myTimer2 = QtCore.QTimer(self)                           

        self.myTimer2.start(5000)                                      

        self.myTimer2.timeout.connect(self.tick_timer)                

                                                  

        filehandle = True

        try:                                                      

            file = open("savedata_vp.pkl", "r")  

        except:                                   

            filehandle = False                                         

        if filehandle:

            save_list = pickle.load(file)    

            file.close()

初始化值

用于
动画
的列
表图
像

将事件处
理器连接
到工具条
按钮

设置
定时器

尝试打开 
pickle 文件

如果文件打开，从
pickle 文件读取
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        else:

            save_list = [8, 8, 0, datetime.datetime.now(), 0]

        self.happiness = save_list[0]    

        self.health    = save_list[1]                                  

        self.hunger    = save_list[2]                               

        timestamp_then = save_list[3]                              

        self.time_cycle = save_list[4]                                 

        difference = datetime.datetime.now() - timestamp_then 

        ticks = difference.seconds / 50                    

        for i in range(0, ticks):

            self.time_cycle += 1                                     

            if self.time_cycle == 60:                                 

                self.time_cycle = 0                                   

            if self.time_cycle <= 48:   

                self.sleeping = False                                 

                if self.hunger < 8:                                   

                    self.hunger += 1                                   

            else:                                

                self.sleeping = True                                   

                if self.hunger < 8 and self.t  :0 == 3 % elcyc_emi

                    self.hunger += 1                                   

            if self.hunger == 7 and (self.time_cycle % 2 ==0) \        

                                and self.health > 0:                   

                self.health -= 1                                       

            if self.hunger == 8 and self.health > 0:                   

                self.health -=1                                        

        if self.sleeping:                                              

            self.imageList = self.sleepImages                          

        else:                                        

            self.imageList = self.nothingImages           

    def sleep_test(self):         

        if self.sleeping:                                                

            result = (QtGui.QMessageBox.warning(self, 'WARNING', 

"Are you sure you want to wake your pet up?  He'll be unhappy about it!",

                    QtGui.QMessageBox.Yes | QtGui.QMessageBox.No, 

                    QtGui.QMessageBox.No))
                                                                         

            if result == QtGui.QMessageBox.Yes:                          

                self.sleeping = False                                    

                self.happiness -= 4                                     

                self.forceAwake = True                                  

                return True                                              

            else:                                                        

                return False                                            

        else:                                                        

            return True                                  

    def doctor_Click(self):                                           

        if self.sleep_test():                                         

            self.imageList = self.doctorImages    

            self.doctor = True                                        

            self.walking = False                                      

            self.eating = False                                       

            self.playing = False                                  

如果 pickle 文件没有 
打开，使用默认值

从列表取 
出单个的值

检查从最后一次
运行以来过去了
多长时间

模拟关机 
期间发生 
的所有滴答

醒着

睡觉

使用正确的动画—
醒着或者在睡觉

做动作之前 
检查宠物是 

否在睡觉

对话类型

要显示的按钮
默认按钮

医生按钮 
事件处理器
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        def feed_Click(self):                                        

        if self.sleep_test():                                        

            self.imageList = self.eatImages      

            self.eating = True                                        

            self.walking = False                                      

            self.playing = False                                      

            self.doctor = False                                      
    

    def play_Click(self):                                             

        if self.sleep_test():                                         

            self.imageList = self.playImages     

            self.playing = True                                       

            self.walking = False                                     

            self.eating = False                                       

            self.doctor = False                                       
    

    def walk_Click(self):                                             

        if self.sleep_test():                                         

            self.imageList = self.walkImages     

            self.walking = True                                      

            self.eating = False                                      

            self.playing = False                                      

            self.doctor = False                                    
            

    def stop_Click(self):                                            

        if not self.sleeping:                                         

            self.imageList = self.not    segamIgnih

            self.walking = False                                      

            self.eating = False                                       

            self.playing = False                                      

            self.doctor = False                                      

    def animation_timer(self):           

        if self.sleeping and not self.forceAwake:                    

            self.imageList = self.sleepImages                          

        self.imageIndex += 1                                           

        if self.imageIndex >= len(self.imageList):                      

            self.imageIndex = 0                                         

        icon = QtGui.QIcon()                                            

        current_image = self.imageList[self.imageIndex]      

        icon.addPixmap(QtGui.QPixmap(current_image),            

                       QtGui.QIcon.Disabled, QtGui.QIcon.Off) 

        self.petPic.setIcon(icon)                                

        self.progressBar_1.setProperty("value", (8-self.hunger)*(100/8.0)) 

        self.progressBar_2.setProperty("value", self.happiness*(100/8.0))  

        self.progressBar_3.setProperty("value", self.health*(100/8.0))   

    def tick_timer(self):    

        self.time_cycle += 1                                            

        if self.time_cycle == 60:                                       

            self.time_cycle = 0               

        if self.time_cycle <= 48 or self.forceAwake:                    

            self.sleeping = False                                       

        else:                                                          

            self.sleeping = True                                      

        if self.time_cycle == 0:                                        

            self.forceAwake = False                                  

喂食按钮 
事件处理器

玩耍按钮 
事件处理器

散步按钮 
事件处理器

停止按钮 
事件处理器

动画定时器 
（第 0.5 秒） 
事件处理器

更新宠物的 
图像（动画）

 5 秒定时器 
事件处理器开始

检查在睡觉 
还是醒着
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                if self.doctor:     

            self.health += 1                                            

             1 =+ regnuh.fles            

        elif self.walking and (self.time_cycle % 2 == 0):               

            self.happiness += 1                                         

            self.health += 1                                            

            self.hunger += 1                                            

        elif self.playing:                                              

            self.happiness += 1                                         

            self.hunger += 1                                            

        elif self.eating:                                               

            self.hunger -= 2                                           

        elif self.sleeping:                                            

            if self.time_cycle % 3 == 0:                                

                self.hunger += 1                                        

        else:                                                          

            self.hunger += 1                                            

            if self.time_cycle % 2 == 0:                              

                self.happiness -= 1                     

        if self.hunger > 8:  self.hunger = 8                          

        if self.hunger < 0:  self.hunger = 0                          

        if self.hunger == 7 and (self.time_cycle % 2 ==0) :  

            self.health -= 1                                            

        if self.hunger == 8:                                            

            self.health -=1                                             

        if self.health > 8:  self.health = 8                           

        if self.health < 0:  self.health = 0                           

        if self.happiness > 8:  self.happiness = 8                      

        if self.happiness < 0:  self.happiness = 0                      

        self.progressBar_1.setProperty("value",(8-self.hunger)*(100/8.0)) 

        self.progressBar_2.setProperty("value", self.happiness*(100/8.0))  

        self.progressBar_3.setProperty("value", self.health*(100/8.0))

    def closeEvent(self, event):

        file = open("savedata_vp.pkl", "w")                         

        save_list = [self.happiness, self.health, self.hunger, \ 

                     datetime.datetime.now(), self.time_cycle]      

        pickle.dump(save_list, file)

        event.accept()

                

    def menuExit_selected(self):

        self.close()

app = QtGui.QApplication(sys.argv)

myapp = MyForm()

myapp.show()

app.exec_()       

根据活动增加 
或减少单位

确保值 
没有越界

更新计量器

将状态和时
间戳保存到
pickle 文件

行联接符

sleep_test()函数使用了 PyQt 的“警告信息”对话框。一系列的参数告诉它要显示

哪些按钮，以及哪个是默认按钮。代码清单 24-4 中的注释解释了这一点。当对话框弹出来时

（你试图叫醒你的宠物时），看起来是这样的：

图灵社区会员 FreeLink 专享 尊重版权



366　　第 24 章　计算机仿真

即使你不能完全读懂这个代码也不用担心。如果你希望学习更多有关 PyQt 的内

容，可以先看看 PyQt 网站：www.riverbank computing.co.uk/software/pyqt/into。

在本章中，我们只是稍稍了解了计算机仿真的一点皮毛，知道了模拟真实世界

中一些方面的基本思想，比如重力和时间。实际上，计算机仿真在科学、工程、医

药、金融和很多其他领域都得到了广泛使用。其中很多仿真非常复杂，即使用最快

的计算机运行也需要花费几天甚至几个星期。不过钥匙链上的小电子宠物也是一种

仿真，有时最简单的仿真也是最有意思的。

356 Hello World!

                                                                 
    def on_close(self, event):
        file = open("savedata_vp.pkl", "w")
        save_list = [self.happiness, self.health, self.hunger, \
          datetime.datetime.now(), self.time_cycle]
        pickle.dump(save_list, file)
        event.Skip()

app = model.Application(MyBackground)
app.MainLoop()

The sleep_test() function uses a PythonCard dialog box with a slight twist. You might 
remember that PythonCard is based on another Python module called wxPython. That’s 
why you need to install wxPython when you install 
PythonCard. Sometimes you can use special 
wxPython arguments to change the behavior of 
PythonCard. In this case, we changed the 
standard PythonCard message dialog, which 
would look like this:

We turned it into a dialog with an exclamation 
mark and Yes and No buttons, like this:

Don’t worry if you don’t understand all this code. You can learn more about PythonCard and 
wxPython if you want. A good place to start is the PythonCard web site:
http://pythoncard.sourceforge.net/.

In this chapter, we have only scratched the surface of what can be done with computer sim-
ulations. We have seen the basic ideas of simulating real-world conditions, like gravity and 
time, but computer simulations are widely used in science, engineering, medicine, and 
many other fields. Many of them are very complex and take days or weeks to run even on 
the fastest supercomputers. But even the little virtual pet on your friend’s keychain is a kind 
of simulation, and sometimes the simplest simulations are the most interesting.

What did you learn?

In this chapter, you learned 

� what computer simulations are and why they’re used.
� how to simulate gravity, acceleration, and force.

Saves 
status and 
timestamp 
to pickle file

Line continuation
character

你学到了什么

在这一章，你学到了以下内容。

什么是计算机仿真，为什么使用计算机仿真。��

如何模拟重力、加速度和作用力。��

如何跟踪和模拟时间。��

如何使用�� pickle将时间戳保存到文件。

关于错误处理的一点知识（�� try-except）。

如何使用定时器生成周期性的事件。��

测试题

1. 列出使用计算机仿真的 3 个原因。

2. 列出你见过或知道的 3 种计算机仿真。

3. 使用哪种对象来存储两个日期或时间之差？

动手试一试

1.  为 Lunar Lander 程序增加一个“脱离轨道”测试。如果飞船飞出了窗口顶

边，而且速度超过 +100m/s，就停止程序，并显示一条消息，比如“You have 
escaped the moon’s gravity. No landing today!”（你已经脱离月球重力，无法着

陆！）
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2.  为 Lunar Lander 用户增加一个选项，可以在飞船着陆后继续玩这个游戏，而

不必重启程序。

3.  为电子宠物 GUI 增加一个 Pause 按钮。这会让宠物的时间停止，不论程序是

否在运行。（提示：这说明可能需要在 pickle 文件中保存“暂停”状态。）
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Skier 游戏的说明

在第 10 章，你键入了 Skier 游戏的代码（希望如此）并运行了它。游戏代码中

有一些注释，但除此之外我们没再给出别的说明。通常来说，键入代码然后运行它，

是一种学习编程或学习一种语言的好方法，即使你并不能完全理解这些代码。

现在你对 Python 了解得更多了，可能会好奇这个 Skier 程序是怎么工作的。本

章，我们会详细讲解这个程序。

25.1　滑雪者

首先，我们来编写游戏中的滑雪者。当你运行 Skier 程序的时候，应该注意到了

滑雪者本身只能在屏幕上左右来回移动，而不能上下移动。滑雪者滑“下”小山的

错觉则是通过将场景（树和小旗）向上滚动来实现的。

在滑雪者滑下小山的场景实现中，需要 5 张不同的图片：一张滑雪者一直向下

滑，两张滑雪者向左转（一张稍向左转，一张大幅度左转），两张滑雪者向右转（一

张稍向右转，一张大幅度右转）。在程序的开头，我们为这些图片创建了一个列表，

然后将图片按特定的顺序放入列表。

skier_images = [ "skier_down.png",            
          "skier_right1.png","skier_right2.png", 
          "skier_left2.png","skier_left1.png"]

很快你就会知道为什么要按这样的顺序排放。

我们使用变量 angle来标记滑雪者当前面对的方向，它的值从 -2 到 +2，分别

如下：

-�� 2 = 向左急转

-�� 1 = 稍向左转

图灵社区会员 FreeLink 专享 尊重版权



25.1　滑雪者　　369

0 = 一直向下��

+1 = 稍向右转��

+2 = 向右急转��

（注意，这里的“左”和“右”是相对屏幕的方向，即我们看到的方向，而不是

滑雪者的左和右。）

我们使用 angle的值来确定要使用哪张图片。事实上，我们可以直接使用 angle

的值作为列表的索引来指定图片：

skier_images[0]�� 是滑雪者向下滑的图片。

skier_images[1]�� 是滑雪者稍向右转的图片。

skier_images[2]�� 是滑雪者向右急转的图片。

接下来是微妙之处。还记得我们在第 12 章谈到过列表吗？我们说过负索引值会

从列表的尾部开始往前数。所以，在这个例子中

skier_images[-1]�� 是滑雪者稍向左转的图片（通常会使用 skier_

images[4]）。

skier_images[-2]�� 是滑雪者向左急转的图片（通常会使用 skier_

images[3]）。

现在你知道为什么我们将列表中的图片按这种特定的顺序排列了：

angle��  = +2（向右急转） = skier_images[2]
angle��  = +1（稍向右转） = skier_images[1]
angle��  = 0（向下滑） = skier_images[0]
angle��  = -1（稍向左转） = skier_images[-1]（也就是 skier_images[4]）

angle��  = -2（向左急转） = skier_images[-2]（也就是 skier_images[3]）

我们为滑雪者创建一个 Pygame Sprite类的子类。滑雪者与窗口上边界的距

离始终为 100 像素，开始时他位于窗口中心，也就是距离窗口左边界 320 像素，即
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x=320，因为窗口的宽度是 640 像素。因此滑雪者的初始位置是 [320, 100]。滑雪者

类定义的第一部分是下面这样：

class SkierClass(pygame.sprite.Sprite):

    def __init__(self):

        pygame.sprite.Sprite.__init__(self)

        self.image = 

pygame.image.load("skier_down.png")

        self.rect = self.image.get_rect()

        self.rect.center = [320, 100]

        self.angle = 0

我们用一个类来改变滑雪者的状态，它会在 angle的值改变时载入正确的图片，

并设置好滑雪者的速度。速度由 x 和 y 两个值构成。我们只改变左右方向的速度（x
方向的速度，x-speed），但是 y 方向的速度（y-speed）决定了场景向上滚动的速度

（滑雪者向“下”滑的速度）。当他垂直向下运动时，y 方向的速度比较快，而当他转

向时，y 方向的速度则比较慢。速度的计算公式如下：

speed = [self.angle, 6 - abs(self.angle) * 2]

此行代码中的 abs用于取得 angle的绝对值，也就是说我们忽略符号（+ 和 -）
后的值。对于 y 方向的速度来说，滑雪者左转还是右转都没有影响，只要知道转的

程度就行了。

用于转弯的全部代码如下：

def turn(self, direction): 

        self.angle = self.angle + direction

        if self.angle < -2:  self.angle = -2

        if self.angle >  2:  self.angle =  2 

        center = self.rect.center

        self.image = pygame.image.load(skier_images[self.angle])

        self.rect = self.image.get_rect()

        self.rect.center = center

        speed = [self.angle, 6 - abs(self.angle) * 2]

        return speed

我们还需要一个方法来控制滑雪者左右来回移动，以保证他不会滑出窗口边缘：

def move(self, speed):

        self.rect.centerx = self.rect.centerx + speed[0]

        if self.rect.centerx < 20:  self.rect.centerx = 20

        if self.rect.centerx > 620: self.rect.centerx = 620

我们使用方向键来控制滑雪者左右运动，所以要添加 Pygame 初始化和事件循环

的代码，这样就可以让只有滑雪者的程序运行起来。代码如下所示。
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代码清单 25-1　创建 Skier 游戏—只有滑雪者

import pygame, sys, random

skier_images = ["skier_down.png",                         

                  "skier_right1.png", "skier_right2.png",    

                 "skier_left2.png", "skier_left1.png"]      

class SkierClass(pygame.sprite.Sprite):

    def __init__(self):

        pygame.sprite.Sprite.__init__(self)

        self.image = pygame.image.load("skier_down.png")

        self.rect = self.image.get_rect()

        self.rect.center = [320, 100]

        self.angle = 0

        

    def turn(self, direction): 

        self.angle = self.angle + direction

        if self.angle < -2:  self.angle = -2   

        if self.angle >  2:  self.angle =  2  

        center = self.rect.center

        self.image = pygame.image.load(skier_images[self.angle])

        self.rect = self.image.get_rect()

        self.rect.center = center

        speed = [self.angle, 6 - abs(self.angle) * 2]

        return speed

    

    def move(self, speed):                                     

        self.rect.centerx = self.rect.centerx + speed[0]            

        if self.rect.centerx < 20:  self.rect.centerx = 20 

        if self.rect.centerx > 620: self.rect.centerx = 620  

def animate():                                                    

    screen.fill([255, 255, 255])                                   

    screen.blit(skier.image, skier.rect)  

    pygame.display.flip()                  

pygame.init()

screen = pygame.display.set_mode([640,640])

clock = pygame.time.Clock()

skier = SkierClass()

speed = [0, 6]

running  = True                                                   

while running:                                                     

    clock.tick(30)                                                   

    for event in pygame.event.get():    

        if event.type == pygame.QUIT: running = False               

        if event.type == pygame.KEYDOWN:                  

滑雪者的方向对应
不同的图片

不让滑雪者的状态超过 +/-2

左右移动滑雪者

重绘屏幕

检查按键事件
Pygame 主事
件循环
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            if event.key == pygame.K_LEFT: 

                speed = skier.turn(-1)     

            elif event.key == pygame.K_RIGHT: 

                speed = skier.turn(1)     

    skier.move(speed)                                               

    animate()                                           

pygame.quit()

左方向键向左转

右方向键
向右转

Pygame 主事
件循环

如果运行以上代码，你只会在界面中看到滑雪者（没有分数，没有障碍物），你

可以让他向左右转弯。

25.2　障碍物

接下来学习怎么制作障碍物，也就是树和小旗。在这一部分，为了简化起见，

我们再次从零开始—没有滑雪者，只有障碍物。我们会在最后将滑雪者的代码和障

碍物的代码放到一起。

Skier 游戏的窗口大小是 640×640 像素。为了简化，也为了防止障碍物靠得太

近，我们将窗口分割为一个 10×10 的网格。这样，一共有 100 个格子，每个格子的

大小是 64×64 像素。因为我们的障碍物尺寸并不是太大，所以即使两个障碍物位于

相邻的格子中，它们之间也有一些空隙。

创建单个障碍物

首先我们需要创建单个障碍物。为此，我们创建了一个名为 ObstacleClass的

类。和滑雪者一样，这也是一个 Pygame Sprite类。

class ObstacleClass(pygame.sprite.Sprite):

    def __init__(self, image_file, location, type):

        pygame.sprite.Sprite.__init__(self) 

        self.image_file = image_file        

        self.image = pygame.image.load(image_file)

        self.rect = self.image.get_rect()

        self.rect.center = location

        self.type = type

        self.passed = False
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class ObstacleClass(pygame.sprite.Sprite):

    def __init__(self, image_file, location, type):

        pygame.sprite.Sprite.__init__(self) 

        self.image_file = image_file        

        self.image = pygame.image.load(image_file)

        self.rect = self.image.get_rect()

        self.rect.center = location

        self.type = type

        self.passed = False

创建障碍物地图

现在我们来创建多个障碍物，以便填充在 640×640 像素的窗口中。我们将 10
个障碍物（小旗和树）随机地分布在 100 个格子中，每个障碍物既可以是小旗也可

以是树。最终结果可能是 2 面小旗 8 棵树，7 面小旗 3 棵树，或者是总和为 10 的任

意组合。总之，小旗和树是随机选择的，它们的位置也是随机的。

我们唯一需要当心的是，不要尝试将两个障碍物放在同一位置，所以我们需要

知道哪些位置是已经使用过的。变量 locations是一个用于记录使用过的位置的列

表。当想要在某个位置放置一个新的障碍物时，我们首先要查看这个位置是否已有

一个障碍物。

def create_map():

    global obstacles

    locations = []

    for i in range(10):      

        row = random.randint(0, 9)

        col = random.randint(0, 9)

        location  = [col * 64 + 32, row * 64 + 32 + 640] 

        if not (location in locations):               

            locations.append(location)          

            type = random.choice(["tree", "flag"])

            if type == "tree": img = "skier_tree.png"

            elif type == "flag":  img = "skier_flag.png"

            obstacle = ObstacleClass(img, location, type)

            obstacles.add(obstacle)

每屏 10 个障碍物

障碍物的位置
(x, y)

确保没有将两个障
碍物放入同一位置

好眼力！我们不希望游戏开始时

满屏都是障碍物，而是希望它是空白

的，然后障碍物从底部出现。所以，

我们将障碍物的场景创建在窗口底部

的“下方”。为此，我们需要为每个障碍物

位置的 y 值增加 640 像素（窗口的高度）。

游戏开始时，我们希望障碍物从底部滚动上

来。为此，我们修改每个障碍物位置的 y 值。改动的大

小取决于滑雪者滑下小山的速度。我们将它放入一个名为

update()的方法中，它是 ObstacleClass的一部分。

嘿 ，为什么位置
中的 y 需要额外加
一个 640 像素？
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   def update(self):

        global speed

        self.rect.centery -= speed[1]

变量 speed是滑雪者的速度，它是一个全局变量，包含了 x 和 y 方向的速度，

所以我们使用索引 [1] 来获取 y（垂直）方向的速度。

和创建的第一屏障碍物一样，我们还需要在窗口下方创建另外一屏的障碍物。

那怎么知道应该在什么时候创建呢？我们可以创建一个名为 map_position的变量，

由它来告诉我们场景已经向上滚动了多少。我们在主循环中像下面这样处理。

running = True

while running:

    clock.tick(30)

    for event in pygame.event.get():

        if event.type == pygame.QUIT: running = False

        

    map_position += speed[1]          

    

    if map_position >= 640:                           

        create_map()                                        

        map_position = 0       

记录地图已经往上
滚动了多少

如果整屏已经滚动完，创建一个
新的含障碍物的场景

我们用 animate()函数来重绘屏幕，就像在只有滑雪者的代码中那样。合在一

起，只有障碍物的代码看起来像下面这样。

代码清单 25-2　创建 Skier 游戏—只有障碍物

import pygame, sys, random

        

class ObstacleClass(pygame.sprite.Sprite):                           

    def __init__(self, image_file, location, type):                  

        pygame.sprite.Sprite.__init__(self)                          

        self.image_file = image_file                                 

        self.image = pygame.image.load(image_file)                   

        self.rect = self.image.get_rect()                            

        self.rect.center = location                                  

        self.type = type                                             

        self.passed = False                                          

                                                                     

    def update(self):                                                

        global speed                                                

        self.rect.centery -= speed[1]       

        

def create_map():                                                    

    global obstacles                                                

    locations = []                                                  

    for i in range(10):            

        row = random.randint                    )9 ,0(

        col = random.randint(0, 9)

        location  = [col * 64 + 32, row * 64 + 32 + 640]

        if not (location in locations):           

            locations.append(location)          

            type = random.choice(["tree", "flag"])

            if type == "tree": img = "skier_tree.png"

            elif type == "flag":  img = "skier_flag.png"

            obstacle = ObstacleClass(img, location, type)

            obstacles.add(obstacle)

def animate():                                                 

    screen.fill([255, 255, 255])                              

    obstacles.draw(screen)                                   

             )(pilf.yalpsid.emagyp    

pygame.init()                                                

screen = pygame.display.set_mode([640,640])                 

clock = pygame.time.Clock()                                 

speed = [0, 6]                                               

obstacles = pygame.sprite.Group()                      

map_position = 0                                         

create_map()                                

running = True                                                  

while running:                                                  

    clock.tick(30)                                              

    for event in pygame.event.get():                            

        if event.type == pygame.QUIT: running = False          

                                                            

障碍物的类（树和小旗）

创建一个有障碍物的
场景：640 Ｘ 640每屏 10 个障碍物
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import pygame, sys, random

        

class ObstacleClass(pygame.sprite.Sprite):                           

    def __init__(self, image_file, location, type):                  

        pygame.sprite.Sprite.__init__(self)                          

        self.image_file = image_file                                 

        self.image = pygame.image.load(image_file)                   

        self.rect = self.image.get_rect()                            

        self.rect.center = location                                  

        self.type = type                                             

        self.passed = False                                          

                                                                     

    def update(self):                                                

        global speed                                                

        self.rect.centery -= speed[1]       

        

def create_map():                                                    

    global obstacles                                                

    locations = []                                                  

    for i in range(10):            

        row = random.randint                    )9 ,0(

        col = random.randint(0, 9)

        location  = [col * 64 + 32, row * 64 + 32 + 640]

        if not (location in locations):           

            locations.append(location)          

            type = random.choice(["tree", "flag"])

            if type == "tree": img = "skier_tree.png"

            elif type == "flag":  img = "skier_flag.png"

            obstacle = ObstacleClass(img, location, type)

            obstacles.add(obstacle)

def animate():                                                 

    screen.fill([255, 255, 255])                              

    obstacles.draw(screen)                                   

             )(pilf.yalpsid.emagyp    

pygame.init()                                                

screen = pygame.display.set_mode([640,640])                 

clock = pygame.time.Clock()                                 

speed = [0, 6]                                               

obstacles = pygame.sprite.Group()                      

map_position = 0                                         

create_map()                                

running = True                                                  

while running:                                                  

    clock.tick(30)                                              

    for event in pygame.event.get():                            

        if event.type == pygame.QUIT: running = False          

                                                            

初始化

主循环

    map_position += speed[1]     

                                                                

    if map_position >= 640:        

        create_map()             

        map_position = 0    

                                                               

    obstacles.update()                                         

    animate()                                                  

                                                              

pygame.quit()                                                

主循环

记录地图已经往
上滚动了多少

在下面创建一个新的
含障碍物的场景

如果运行以上代码，你应该可以看到树和小旗

在屏幕上往上滚。

防止 2 个障碍物
放在同一位置

重绘屏幕
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问得好。在当前的代码中，我们让它们继续在

窗口上边界外向上滚动，这样其位置的 y 值（负值）

绝对值会越来越大。如果游戏运行了比较长的时间，

则会创建并积累大量的障碍物场景。这有可能会导

致程序变慢或者在某个时间点发生内存不足的情况。

所以我们需要做一点清理工作。

在障碍物类的 update()方法中，我们添加一个

判断逻辑，看看障碍物是否已经移出屏幕。如果是

的话，就移除它。Pygame 有一个名为 kill()的原

生方法可用来做这件事。新的 update()方法看起来

像下面这样。

def update(self):

        global speed

        self.rect.centery -= speed[1]

        if self.rect.centery < -32: 

            self.kill()                      

检查障碍物是否已
移出屏幕

移除它

现在我们可以将滑雪者和障碍物的代码放到一起了。

我们需要�� SkierClass和 ObstacleClass。

我们的�� animate()函数需要同时绘制滑雪者和障碍物。

我们的初始化代码需要创建滑雪者和初始地图。��

主循环需要同时包括滑雪者的键盘事件绑定和障碍物场景的创建。��

基本上，这组合了代码清单 25-1 和代码清单 25-2，结果如下所示。

代码清单 25-3　滑雪者代码与障碍物代码相结合

import pygame, sys, random

skier_images = ["skier_down.png", "skier_right1.png", "skier_right2.png",

                 "skier_left2.png", "skier_left1.png"]                  

                                                                       

class SkierClass(pygame.sprite.Sprite):                                  

    def __init__(self):                                                  

        pygame.sprite.Sprite.__init__(self)                              

        self.image = pygame.image.load("skier_down.png")                

        self.rect = self.image.get_rect()                            

        self.rect.center = [320, 100]                                

        self.angle = 0                                                 

                                                                       

    def turn(self, direction):                                         

        self.angle = self.angle + direction                              

        if self.angle < -2:  self.angle = -2                             

        if self.angle >  2:  self.angle =  2                             

        center = self.rect.center                                        

        self.image = pygame.image.load(skier_images[self.angle])         

        self.rect = self.image.get_rect()                                

        self.rect.center = center                                        

        speed = [self.angle, 6 - abs(self.angle) * 2]                    

        return speed                                                     

                                                                         

    def move(self, speed):                                               

        self.rect.centerx = self.rect.centerx + speed[0]               

        if self.rect.centerx < 20:  self.rect.centerx = 20             

        if self.rect.centerx > 620: self.rect.centerx = 620 

如果这些障碍物向上滚出
了屏幕，会发生什么？
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import pygame, sys, random

skier_images = ["skier_down.png", "skier_right1.png", "skier_right2.png",

                 "skier_left2.png", "skier_left1.png"]                  

                                                                       

class SkierClass(pygame.sprite.Sprite):                                  

    def __init__(self):                                                  

        pygame.sprite.Sprite.__init__(self)                              

        self.image = pygame.image.load("skier_down.png")                

        self.rect = self.image.get_rect()                            

        self.rect.center = [320, 100]                                

        self.angle = 0                                                 

                                                                       

    def turn(self, direction):                                         

        self.angle = self.angle + direction                              

        if self.angle < -2:  self.angle = -2                             

        if self.angle >  2:  self.angle =  2                             

        center = self.rect.center                                        

        self.image = pygame.image.load(skier_images[self.angle])         

        self.rect = self.image.get_rect()                                

        self.rect.center = center                                        

        speed = [self.angle, 6 - abs(self.angle) * 2]                    

        return speed                                                     

                                                                         

    def move(self, speed):                                               

        self.rect.centerx = self.rect.centerx + speed[0]               

        if self.rect.centerx < 20:  self.rect.centerx = 20             

        if self.rect.centerx > 620: self.rect.centerx = 620 

滑雪者代码

class ObstacleClass(pygame.sprite.Sprite):                             

    def __init__(self, image_file, location, type):                    

        pygame.sprite.Sprite.__init__(self)                            

        self.image_file = image_file                                   

        self.image = pygame.image.load(image_file)                     

        self.rect = self.image.get_rect()                              

        self.rect.center = location                                    

        self.type = type                                               

        self.passed = False                                            

                                                                       

    def update(self):                                                  

        global speed                                                   

        self.rect.centery -= speed[1]                                  

        if self.rect.centery < -32:                                    

            self.kill()                                                

                                                                       

def create_map():                                                      

    global obstacles                                                   

    locations = []                                                     

    for i in range(10):                                                

        row = random.randint(0, 9)                                      

        col = random.randint(0, 9)                                     

        location  = [col * 64 + 32, row * 64 + 32 + 640]               

        if not (location in locations):                                

            locations.append(location)                                  

            type = random.choice(["tree", "flag"])                     

            if type == "tree": img = "skier_tree.png"                  

            elif type == "flag":  img = "skier_flag.png"              

            obstacle = ObstacleClass(img, location, type)   

            obstacles.add(obstacle)

def animate():                                                         

    screen.fill([255, 255, 255])                                       

    obstacles.draw(screen)                                             

    screen.blit(skier.image, skier.rect)                        

                     )(pilf.yalpsid.emagyp    

pygame.init()                                                        

screen = pygame.display.set_mode([640,640])                           

clock = pygame.time.Clock()                                          

points = 0                                                           

speed = [0, 6]                                                      

skier = SkierClass()    

obstacles = pygame.sprite.Group()                             

create_map()                                              

map_position = 0                      

running = True                                                      

while running:                                                        

    clock.tick(30)                                                   

    for event in pygame.event.get():                              

        if event.type == pygame.QUIT: running = False          

                                                                    

        if event.type == pygame.KEYDOWN:                       

            if event.key == pygame.K_LEFT:             

障碍物代码
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class ObstacleClass(pygame.sprite.Sprite):                             

    def __init__(self, image_file, location, type):                    

        pygame.sprite.Sprite.__init__(self)                            

        self.image_file = image_file                                   

        self.image = pygame.image.load(image_file)                     

        self.rect = self.image.get_rect()                              

        self.rect.center = location                                    

        self.type = type                                               

        self.passed = False                                            

                                                                       

    def update(self):                                                  

        global speed                                                   

        self.rect.centery -= speed[1]                                  

        if self.rect.centery < -32:                                    

            self.kill()                                                

                                                                       

def create_map():                                                      

    global obstacles                                                   

    locations = []                                                     

    for i in range(10):                                                

        row = random.randint(0, 9)                                      

        col = random.randint(0, 9)                                     

        location  = [col * 64 + 32, row * 64 + 32 + 640]               

        if not (location in locations):                                

            locations.append(location)                                  

            type = random.choice(["tree", "flag"])                     

            if type == "tree": img = "skier_tree.png"                  

            elif type == "flag":  img = "skier_flag.png"              

            obstacle = ObstacleClass(img, location, type)   

            obstacles.add(obstacle)

def animate():                                                         

    screen.fill([255, 255, 255])                                       

    obstacles.draw(screen)                                             

    screen.blit(skier.image, skier.rect)                        

                     )(pilf.yalpsid.emagyp    

pygame.init()                                                        

screen = pygame.display.set_mode([640,640])                           

clock = pygame.time.Clock()                                          

points = 0                                                           

speed = [0, 6]                                                      

skier = SkierClass()    

obstacles = pygame.sprite.Group()                             

create_map()                                              

map_position = 0                      

running = True                                                      

while running:                                                        

    clock.tick(30)                                                   

    for event in pygame.event.get():                              

        if event.type == pygame.QUIT: running = False          

                                                                    

        if event.type == pygame.KEYDOWN:                       

            if event.key == pygame.K_LEFT:             

重绘滑雪者和障碍物

创建滑雪者

主循环

初始化

创建障碍物

                speed = skier.turn(-1)                                 

            elif event.key == pygame.K_RIGHT:                          

                speed = skier.turn(1)                                  

    skier.move(speed)                                                  

                                    

    map_position += speed[1]                                           

                                                                       

    if map_position >= 640:                                            

        create_map()                                                   

        map_position = 0                                               

                                                                       

    obstacles.update()                                              

    animate()                                             

pygame.quit()

主循环

如果运行以上代码，你就能操作滑雪者滑下小山，并且会看到障碍物向上滚过。

你也会注意到滑雪者向左右滑和向下滑的速度取决于他的转向。至此，这个游戏已

经快要完成了。

最后我们需要处理的两项是：

检测滑雪者是否碰到了树或者是否捡到了小旗��

记录并显示分数��

你已经在第 17 章中学到如何进行碰撞检测了。代码清单 25-3 已经将障碍物精
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灵放到了一个 sprite 组中，所以我们可以直接用 spritecollide() 函数来检测滑

雪者是否碰到树或者小旗。接下来我们需要知道这个障碍物是什么（树还是小旗），

然后：

如果是树，则将滑雪者的图像切换为“碰撞”的图像，并将分数��

减去 100。
如果是小旗，则将分数加 10，然后将小旗从屏幕中移除。��

为此所需的代码位于主循环中，看起来像下面这样：

hit =  pygame.sprite.spritecollide(skier, obstacles, False) 

    if hit:

        if hit[0].type == "tree" and not hit[0].passed:  

            points = points - 100                   

            skier.image = pygame.image.load("skier_crash.png")     

            animate()                                             

            pygame.time.delay(1000)                         

            skier.image = pygame.image.load("skier_down.png")       

            skier.angle = 0                                         

            speed = [0, 6]                            

            hit[0].passed = True  

        

        elif hit[0].type == "flag" and not hit[0].passed:  

            points += 10                                   

            hit[0].kill()     

碰撞
检测

碰到树

显示碰撞
后的图像

继续滑雪
别忘了我们已经碰
到了这棵树

捡到小旗

移除小旗

变量 hit告诉我们滑雪者撞到了哪个障碍物。它是一个列表，但在这里列表中只

有一个条目，因为滑雪者一次只可能碰到一个障碍物，所以他碰到的障碍物是 hit[0]。

passed变量用于标记是否碰撞过树。这能保证当滑雪者在撞树之后继续往下滑

时，不会立刻运行撞到同一棵树的逻辑。

现在我们需要显示分数。这只需要再写 3 行代码。在初始化代码中，我们创建

一个 font对象，它是 Pygame 的 Font类的实例：

font = pygame.font.Font(None, 50)

在主循环中，我们使用一个新的分数文本来渲染 font对象：

score_text = font.render("Score: " +str(points), 1, (0, 0, 0))

在 animate()函数中，我们在左上角显示分数：

screen.blit(score_text, [10, 10])

这就是这个游戏的全部了。如果你把这些组合在一起，会发现这就是第 10 章的
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代码，只是现在你理解得更加深入了。理解 Skier 游戏的工作原理可以帮助你更好地

策划和开发自己的游戏。

你学到了什么

在这一章，你学到了以下内容。 

Skier 游戏的各个部分是如何工作的 ��

怎样创建一个滚动的背景��

动手试一试

1.  尝试修改 Skier 游戏，使游戏的难度随着游戏的进行逐渐增大。可以尝试以下

建议：

使游戏的速度随着游戏的进行逐渐加快。��

滑雪者滑下小山时树越来越多。��

添加障碍物“冰”，使得滑雪者转向时更加困难。��

2.  Skier 游戏的灵感来自一个名为 SkiFree 的游戏，这个游戏中有一个讨厌的雪

人会随机出现并追赶滑雪者。如果你想挑战一下，可以尝试在 Skier 游戏中添

加一些类似的物体。你需要找到或者创建一个新的图片，并且修改代码以获

得你想要的行为。
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Python Battle

在本书中我们已经讲解了如何开发自己的游戏，但还有一个话题没有讨论，那

就是游戏中的人工智能（AI）。从吃豆人（Pac-Man）开始，几乎所有的游戏在攻击

玩家时都有某种形式的人工智能。本章将展示如何动手开发一个有人工智能的游戏。

26.1　Python Battle

在本章中我们要为一个名为 Python Battle 的游戏开发 AI。Python Battle 是一个

规则很简单的游戏。在每一回合中，你可以向前移动、向左右转或者攻击对方。当

一个角色攻击另一个角色时，被攻击的一方会减少一点“血量”。血量先降为 0 者输

掉游戏。角色只可以攻击正前方。

但 Python Battle 有一个特殊之处：它是由机器人玩的游戏。你必须要编码一个

控制机器人的策略，或者叫 AI，然后运行游戏，看看它和另一个 AI 对抗的效果如

何。当然，AI 部分的代码和 Python Battle 游戏本身的代码都使用 Python 来编写。

注意，如果你之前运行了本书的安装程序，那么你的计算机中应该已经有

Python Battle 的代码了。我放了三个 AI 程序，你可以一一尝试：CircleAI（在游戏区

域中转圈）、RandomAI（随机移动和转向）和 NullAI（什么也不做）。我们来一一运

行一下，看看谁会赢。

运行 Python Battle

按以下步骤运行。

(1) 将你想运行的 AI 脚本放到与 PythonBattle.py 相同的目录下。

(2) 运行 PythonBattle.py。
(3) 你会看见一个提示框： 
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 Enter red AI:

输入你想使用的 AI 脚本的名字，结尾不用带 .py 后缀。例如，如果你想测

试 CircleAI.py，就输入 circleai。

(4) 针对蓝色的 AI 进行同样的操作。

(5) 观察游戏，看看谁会赢。

(6) 最后关掉 Pygame 窗口。

游戏规则

现在你应该看过了好几场 Python Battle 了，我们来仔细看一下游戏是怎么运行

的。每一回合，机器人都可以做以下 6 件事之一：

向前移动一格��

向后移动一格��

左转��

右转��

攻击正前方的格子��

什么都不做��

此外，机器人可以随时获取双方的血量。游戏的目标是成功攻击敌人 10 次。

你在观察 CircleAI 和 RandomAI 对抗时，有没有留意红色和蓝色的方块？当机

器人经过一个方块时，这个方块会变成和机器人一样的颜色（红色或者蓝色）。如果

1000 个回合之后还没有机器人成功攻击对方，或者双方打成了平局，则拥有和自己

颜色一致的方块较多者获胜。
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26.2　创建一个 Python Battle 机器人

我们来创建一个机器人，以便与 CircleAI 和 RandomAI 战斗。第一步是制定一

个策略。因为这是我们创建的第一个 Python Battle 机器人，所以我们最好从一个简

单的策略开始。

(1) 如果面对着一个敌人，那么我应该攻击它。

(2) 如果面对着墙，则我应该转弯。

(3) 否则，我继续向前走。

尽管这不是最高级的策略，但它可能刚好可以打败 CircleAI。如果它打不过，我

们还可以再回来改进它。

第二步是开始编码机器人。创建一个新 Python 文件（我把它叫作 better_than_
circleai.py），然后输入以下代码：

class AI:

    def __init__(self):

        pass

    def turn(self):

        pass

这是所有机器人都必须具备的基础代码。在游戏开始时创建机器人，此时 __

init__()函数会被调用。turn()函数会在每一回合被调用，并决定机器人做什么。

这个类必须叫作 AI，否则 Python Battle 游戏不知道你的 AI 代码在哪里。

编写机器人的下一步是添加能让机器人执行我们制定的策略的代码。你将使用

以下函数来控制机器人的移动：

self.robot.lookInFront()��

self.robot.turnRight()��

self.robot.turnLeft()��

self.robot.goForth()��

self.robot.attack()��

这些函数需要采用 self.robot.xx()的形式调用，因为 self 指向 AI 对象本身，

而不是 AI 控制的机器人。AI 对象是不会移动或者攻击的，它只负责告知机器人需要

做什么，具体的移动和攻击是由机器人对象来执行的。

我们来编写 turn()方法。移除代码中的 pass，添加下面的代码：

self.robot.goForth()

如果你现在测试一下这个机器人，会看到每一回合它都会尝试向前移动。这会
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导致它很快撞到游戏边界处的“墙”。如果敌人挡住了它的路，则它只会停止移动而

已。你可以使用 self.robot.lookInFront()来修复这个问题。如果在正前方有一

个可以攻击的敌人，则这个函数返回 "bot"。修改一下 turn()函数，像这样：

if self.robot.lookInFront() == "bot":

    self.robot.attack()

else:

    self.robot.goForth()

现在，如果在你的机器人前方有敌人挡路，则机器人会攻击它。但是如果机器

人撞“墙”了，则它会停下来。如果前方是“墙”，则 self.robot.lookInFront 会

返回 "wall"。将下面的代码加到 turn()函数中，放在 self.robot.attack()和

else之间：

elif self.robot.lookInFront() == "wall":

    self.robot.turnRight()

现在，如果你运行代码，则机器人会开始转圈！当它撞到“墙”的时候会向右

转，当它撞到下一堵“墙”时会再次向右转，一直这样运行下去。你更希望机器人

在撞“墙”的时候能转身折返回去，而这需要两次右转才能完成。当机器人撞“墙”

的时候，它需要右转一次，然后在一下回合中，再右转一次。也就是说，你需要机

器人记住它现在是在做 U 型转身。你可以给 AI 设置一个新属性（变量）来记住它正

在做什么。我们在 __init__()函数中添加一行代码：

self.currentlyDoing = "forward"

这将告诉机器人，当游戏开始时，它需要向前走。当机器人在做 U 型转身时，

你可以将这个属性的值改为 "turnRight"以便告知机器人它需要右转。修改之后的

turn()函数最终看起来像这样：

代码清单 26-1　完成的机器人 AI

class AI:

    def __init__(self):

        self.currentlyDoing = "forward"

    def turn(self):

        if self.robot.lookInFront() == "bot":

            self.robot.attack()

        elif self.robot.lookInFront() == "wall":

            self.robot.turnRight()

            self.currentlyDoing = "turnRight"

        elif self.currentlyDoing == "turnRight":

            self.robot.turnRight()

            self.currentlyDoing = "forward"

        else:

            self.robot.goForth()
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如果你运行这段代码，可能会发现这个 AI 有一定的缺陷。我们来修改一下以便

我们的机器人可以打败 CircleAI。

26.3　更复杂的机器人

我们的第一个机器人非常简单，它无法战胜 CircleAI。为了战胜其他所有的机器

人，我们需要一个真正优秀的策略。一个真正优秀的策略绝不止“转圈圈，直到敌

人出现在我眼前”这么简单，而是需要用到每一个可用的命令。最重要的是，真正

优秀的策略需要我们花费大量心思来考虑它的工作机制。

还有一些方法我在上一节没有提到，这些方法可以帮助我们制定一个必胜的

策略。

self.robot.goBack() �� —顾名思义，机器人可以后退一步。

self.robot.checkSpace(space) �� —可以检查任意一个方块 。例如，self. 

robot.checkSpace((3,3))可以返回 (3,3) 这个方块处有什么。如果什么也

没有，则返回 "blank"，否则，返回 "bot"（如果有敌人）、"me"（如果有

机器人）或者 "wall"（如果这个方块在游戏边界之外）。

self.robot.locateEnemy() �� —返回敌人的位置和方向。

self.robot.position �� —获取机器人的位置。

self.robot.rotation �� —获取机器人的方向。

self.robot.calculateCoordinates(direction, distance, position) �� —

稍后解释。首先，我们需要理解在 Python Battle 中，坐标系统是怎么工作的。

26.4　坐标系统

在 Python Battle 中，坐标系统的范围从 (1,1) 到 (10,10)。和之前的 Pygame 一

样，坐标的原点在左上角。游戏区域的四面都被墙围住。我们可以用 self.robot.

position来找到机器人在坐标系统中的位置。

方向

使用数字 0~3 来存储方向。0 是上（北），1 是右（东），2 是下（南），3 是左

（西）。当机器人右转时，方向的值加 1；当机器人左转时，方向的值减 1。这样用起

来很简单。我们可以使用 self.robot.rotation来获取机器人的方向。

calculateCoordinates()

calculateCoordinates() 函 数 接 受 三 个 参 数：distance、direction 和

position。它用于查找在 direction方向上离 position距离为 distance的方块。
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例如，calculateCoordinates(2,3,(5,5))用于查找距离 (5,5) 左边（左边方向值

为 3）2 个方块远的方块。

现在我们可以想出一个策略。我采用一个很简单的策略：

(1) 向着敌人所在的方向前进。

(2) 如果可能，则发动攻击。

我们从前一个机器人的一些基础代码开始：

class AI:

    def __init__(self):

        pass

    def turn(self):

        if self.robot.lookInFront() == "bot":

            self.robot.attack()

这段代码会处理我们策略的第二部分：“如果可能，则发动攻击。”现在我们需

要处理第一部分。我们将下面的代码加到 turn()函数中：

else:

     self.goTowards(self.robot.locateEnemy()[0])

这会调用 AI 类的方法 self.goTowards()并传入敌人的位置作为参数。self.

robot.locateEnemy()方法会返回一个包含敌人位置和方向的列表。如果你运行这

段代码，它不会正常工作，因为我们还没有定义 self.goTowards()。现在我们来定

义它：

def goTowards(self,enemyLocation):

     myLocation = self.robot.position

     delta = (enemyLocation[0]-myLocation[0],

              enemyLocation[1]-myLocation[1])

首先算出 delta，即目标位置和机器人位置的差距。然后，你需要知道要想面向

敌人，机器人应该面向哪个方向：

if abs(delta[0]) > abs(delta[1]):

     if delta[0] < 0:

         targetOrientation = 3       

     else:                  

         targetOrientation = 1             

else:

    if delta[1] < 0:

        targetOrientation = 0     

    else:

        targetOrientation = 2        

面向左

面向右

面向下

面向上

现在你需要沿着这个方向走。如果已经面向这个方向的话，则很简单：
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if self.robot.rotation == targetOrientation:

    self.robot.goForth()

否则，你需要找到应该往哪个方向转。首先，你需要知道如果要转到正确的方

向，需要左转多少次：

else:

     leftTurnsNeeded = (self.robot.rotation - targetOrientation) % 4

接下来，需要转到正确的方向。如果需要左转 2 次以上，则可以只右转 1 次：

if leftTurnsNeeded <= 2:

     self.robot.turnLeft()

else:

     self.robot.turnRight()

以下是机器人的完整代码。

代码清单 26-2　更复杂的机器人

class AI:

    def __init__(self):

        pass

    def turn(self):

        if self.robot.lookInFront() == "bot":

            self.robot.attack()

        else:

            self.goTowards(self.robot.locateEnemy()[0])

    def goTowards(self,enemyLocation):

        myLocation = self.robot.position

        delta=(enemyLocation[0]-myLocation[0],enemyLocation[1]-myLocation[1])

        if abs(delta[0]) > abs(delta[1]):

            if delta[0] < 0:

                targetOrientation = 3 

            else:

                targetOrientation = 1 

        else:

            if delta[1] < 0:

                targetOrientation = 0 

            else:

                targetOrientation = 2 

        if self.robot.rotation == targetOrientation:

            self.robot.goForth()

        else:

            leftTurnsNeeded = (self.robot.rotation - targetOrientation) % 4

            if leftTurnsNeeded <= 2:

                self.robot.turnLeft()

            else:

                self.robot.turnRight()

面向左

面向右

class AI:

    def __init__(self):

        pass

    def turn(self):

        if self.robot.lookInFront() == "bot":

            self.robot.attack()

        else:

            self.goTowards(self.robot.locateEnemy()[0])

    def goTowards(self,enemyLocation):

        myLocation = self.robot.position

        delta=(enemyLocation[0]-myLocation[0],enemyLocation[1]-myLocation[1])

        if abs(delta[0]) > abs(delta[1]):

            if delta[0] < 0:

                targetOrientation = 3 

            else:

                targetOrientation = 1 

        else:

            if delta[1] < 0:

                targetOrientation = 0 

            else:

                targetOrientation = 2 

        if self.robot.rotation == targetOrientation:

            self.robot.goForth()

        else:

            leftTurnsNeeded = (self.robot.rotation - targetOrientation) % 4

            if leftTurnsNeeded <= 2:

                self.robot.turnLeft()

            else:

                self.robot.turnRight()

面向上

面向下
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什么？！
CircleAI 又

赢了！

现在，我们来试着挑战一下 CircleAI。我确信我们的辛苦工作会得到回报，我们

一定能打败它。将 AI 保存为 morecomplicatedai.py，然后重新运行 Python Battle：

>>> 

Enter red AI: circleai

Enter blue AI: morecomplicatedai

   .

   .

   .

Red wins with 10 health!

我想我们需要稍微修订一下策略以便打败

CircleAI。CircleAI 这么难打败，主要是因为我们

很难打到它。如果你打算从侧面或者后面攻击它，

那么在你第二次打到它之前它就会跑掉。同时，

因为它靠墙走，所以你只有一个侧面可以攻击。

如果你从前面攻击的话，它就很可能拿到第一次

攻击的机会并最终获胜。尽管 CircleAI 不是最高

级的策略，但它确实很难打败。

你也许能设计出一个可以稳妥打败 CircleAI
的 AI，但前提是你知道自己要对付的 AI 是

CircleAI。如果你不知道对方 AI 将要使用的策

略，打败它将更加困难！
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你学到了什么

在这一章，你学到了以下内容。

游戏是怎么运用 AI 让敌人变聪明的。��

如何在 Python Battle 游戏中创建自己的 AI。��

动手试一试

修订我的策略，尝试设计出一个能打败 CircleAI 的机器人。
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接下来呢

本书已接近尾声。如果你读完了整本书，并且尝试过本书里的所有例子，现在

应该对编程以及利用编程能够做什么已经有了基本的了解。

本章会告诉你可以在哪里查找关于编程的更多信息。有很多资源可以利用，有

些关于一般编程，有些专门针对 Python 编程，还有一些关于游戏编程以及其他一些

方面。

如何进一步学习编程，这要看你想用它做什么。你已经从 Python 起步，在这本

书中学到的很多东西都是一般性的编程思想和概念，在其他计算机语言中也完全适

用。如何学以及学些什么取决于你想在哪个方向深入：游戏？ Web 编程？还是机器

人？（机器人需要软件来告诉它们做什么。）

27.1　致年龄小的读者

对年龄小的读者来说，如果你喜欢用 Python 学习编程，可能也会乐于尝试另一

种方法。Squeak Etoys 是一种面向孩子们的编程“语言”，它几乎是完全图形化的。

你几乎不用写任何代码，可以通过创建图形对象并修改它们的属性和动作来建立程

序。在后台，这些图形对象会转换为一种 Smalltalk 语言的代码，可以在 squeakland.
org 了解更多有关 Etoys 的内容。

另一种看起来和 Squeak 很像的语言是 Scratch。与 Squeak 类似，Scratch 也允许

你使用拖拽的方式编程。Scratch 程序也可以放到 Web 上共享。你可以在 scratch.mit.
edu 上获取 Scratch。
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27.2　Python

很多地方都可以帮助你更深入地学习 Python。在线 Python 文档非常完备，不

过读起来可能有点困难。它包含一个语言参考、库参考、全局模块索引和 Guido van 
Rossum 写的一个教程（正是他创建了 Python）。你可以在这里找到这个文件：docs.
python.org。

市面上有很多关于 Python 高阶内容的书籍，多到我无法只向你推荐一两本。具

体使用什么书取决于你的品味、学习方式以及你想用 Python 做的事情。但我坚信，

如果你想在 Python 学习之路上走得更远，就一定能找到适合自己的书。

邮件列表也非常有用。你可以发布一个消息，其他用户就会尽力来回答你的问

题。大多数列表都有归档页面，你可以阅读或搜索较早的消息，看看是不是已经有

人问过你要问的问题。

27.3　游戏编程与 Pygame

如果你只是想建立游戏，关于这个主题有很多书，实在是太多了，根本无法在

这里一一列出。你可能想学习一种 OpenGL 技术，这是“Open Graphics Language”
（开放图形语言）的简写，很多游戏都使用了这种图形系统。在 Python 中可以使用一

个名为 PyOpenGL的模块来使用 OpenGL，关于这个内容也有很多书可以参考。

如果你对 Pygame 感兴趣，也可以找到一些地方来了解更多有关内容。Pygame
网站（pygame.org）提供了很多例子和教程。

如果你确实想用 Pygame 完成游戏编程，向你推荐两个非常棒的资源。一个是

Pygame 邮件列表。我发现这个资源很有用。你可以在 pygame.org/wiki/info 找到它。

邮件列表地址是 pygame-users@seul.org。

如果你想在游戏中实现更逼真的物理行为，可以使用一个名为 PyMunk的库。

PyMunk是基于 Chipmunk Physics 开发的。你可以利用 Chipmunk 在二维（2D）世界

中创建圆、直线和图形等，然后它会让这些图形模拟出重力和摩擦力等物理学上基

本的力。可以在 pymunk.org 获取 PyMunk。

27.4　其他语言的游戏编程（非 Python）

我如果你对游戏编程感兴趣，可能会有兴趣了解 Unity 游戏引擎。Unity 包含了

很多东西，包括一个 3D 游戏引擎和一个物理引擎，并提供了编写脚本的方式。你可

以用来编写脚本的语言之一叫做 Boo，它与 Python 有很多相似之处。
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你可能玩过一些游戏，现在你可以通过编写代码来扩展它们。比如，要扩展

Roblox（www.roblox.com），你可以编写 Lua 代码。你也可以在 Minecraft（www.
minecraft.com）中使用 Lua 或者 Java 编写代码。（顺便提一下，流行的 Angry Birds
游戏就是使用 Lua 编写的。）

27.5　传承 BASIC

你可能注意到这样一种现象，如果在图书馆找书，可以找到 20 世纪 80 年代

为孩子们写的一些编程书，而且其中很多书都使用了一种名为 BASIC 的语言，这

在当时相当流行。（现在你还能得到面向现代计算机的一些 BASIC 版本，包括面向

Windows 的 QBASIC 和 BBC BASIC。）这些书里往往有很多游戏。如果把这些古老

的 BASIC 书中的游戏用 Python 重写可能很有意思。如果需要，你可以使用 Pygame
或 PythonCard 来帮助完成图形部分。我保证这样会让你大有收获！

27.6　移动应用

如果你对编写 iPhone 或者 Android 应用感兴趣的话，可以通过以下两种方式来

编写。你可以通过 PhoneGap（phonegap.com）使用 HTML5 和 CSS 来编写 iPhone
应用。如果采用这种方式，你就很容易将应用移植到其他的手机操作系统上（如

Android 或者 Blackberry OS）。另一种方式是使用 Objective-C 语言和 Cocoa Touch
库编写原生的 iPhone 应用代码。编写原生代码使用的编辑器叫做 Xcode，它只能

在 Mac OS X 上运行。Android 应用基本上是用 Java 编写的，但你也可以利用像

PhoneGap 这样的库来使用其他语言编写。

27.7　回顾

有很多很多别的主题需要研究，还有很多资源可以帮助你在不同的编程领域尤

其是 Python 编程领域中更为深入。你可以在图书馆或书店找一找，看看哪些书提

供了你感兴趣的信息。也可以在网上搜索这些主题，看看有没有一些在线教程或者

Python 模块能帮你达成目标。

利用 Python 可以做很多事，但如果你需要做一些特定的事情，可能需要其他的

语言，比如 C、C++、Java、JavaScript（和 Java 不同）或者别的什么语言。如果是

这样的话，你就需要找到一本书或者其他资源来学习这门语言。这些书和资源非常

之多，所以我也无法在这个话题上给出更多的建议了。
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不管怎样，享受编程的快乐吧！不断学习、探索和试验。你对编程了解得越多，

就会发觉它越有意思！

现在该说再见了！
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附录 A

变量命名规则

下面是关于变量名（也称为标识符）的一些规则。

必须以一个字母或一个下划线字符开头。后面可以使用一个字母、数字或下��

划线字符的序列，长度不限。

字母可以是大写或小写，大小写是不同的。也就是说，�� Ax不同于 aX。

数字可以是从 0 到 9（包括 0 和 9）的任意数字字符。��

除了字母、数字和下划线字符，不能使用其他字符。空格、标点符号和其他字

符在变量名中都是不允许的：

~ ` ! @ # $ % ^ & * ( ) ; - : " ' < > , . ? / { } [ ] + = /

唯一允许出现的特殊字符是下划线字符。也许你不知道这是什么，下面给出几

个例子：

first�� _number = 15

student�� _name = "John"

first和 number之间的字符就是下划线。另外在 student和 name之间也有一

个下划线。程序员有时会使用下划线分隔变量名中的两个单词。因为空格在变量名

中是不允许的，所以他们会使用下划线。

建议你不要在变量名开始和末尾使用下划线字符，除非你很清楚为什么要这样

做。有些情况下，在一个标识符开始和末尾使用下划线字符会有特殊的含义。所以

要避免这样使用：

_�� first_number = 15

student�� _name_ = "John"
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下面是一些合法变量名的例子：

my�� _answer

answer23��

answer�� _23

YourAnswer��

Your2ndAnswer��

下面是一些不合法变量名的例子：

23answer�� （变量名不能以数字开头。）

your-answer�� （不允许有连字符。）

my answer�� （不允许有空格。）
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附录 B

Python 2 与 Python 3 的差异

在本书中，我们提到了 Python 2 与 Python 3 的几处差异。本书使用的是 Python 
2，但我们也希望你能读懂 Python 3 的代码，并具备让代码兼容 Python 3 的能力。本

附录只讨论与本书内容有关的 Python 特性的差异。（比如，Python 3 处理 Unicode 字

符串的方式是不同的，但因为我们在本书中没有涉及 Unicode，所以不讨论这部分差

异。）

在这个前提下，Python 3 与 Python 2 存在以下一些差异。

print

在 Python 3 中，print是一个函数，这意味着你不能这样写：

print "Hello, World!"

而需要这样写：

print("Hello, World!")

还有一些与此相关的差异。你不能像在 Python 2 中那样，在结尾处使用一个逗

号，使下一个 print语句输出的内容与本次输出的内容显示在同一行：

print "Hello",
print "World!"

在 Python 3 中，你需要这样做：

print("Hello", end=")
print("World!")

你也可以给 end参数传不同的值，但是用到的情况非常少。如果你有兴趣的话，

可以查一下 Python 3 的文档。
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你可能已经注意到了，print在 Python 3 和 Python 2 代码中的高亮颜色是不一

样的。这是因为在 Python 2 中，print是一个关键字，而在 Python 3 中，print()

是一个函数。

input()

Python 2 中的 raw_input()在 Python 3 中改名为 input()了。这个函数会返回

字符串，但不会尝试对输入的字符串做任何计算（比如将它转成 int或 float）。

Python 2 中的 input()函数会对输入进行计算（如果可能的话会将它转换成数

字），这个函数在 Python 3 中不存在了。

这意味着在 Python 2 中的代码

your_name = raw_input("Enter your name:")

在 Python 3 中要这样写：

your_name = input("Enter your name:")

在 Python 2 中的代码

age = input("Enter your age:")

在 Python 3 中要这样写：

age = int(input("Enter your age:")

整除

Python 3 中第三点主要的变化是处理整除的方式。是否还记得我们在第 3 章讨

论过这个话题？在 Python 2 中，代码运行结果是这样的：

>>> print 5/2
2

Python 2 在进行除法运算时会默认向下取整。Python 3 会默认进行浮点数除法，

所以在 Python 3 中是这样的：

>>> print(5/2)
2.5

如果你想在 Python 3 中进行整除运算，可以使用双斜线，像这样：

>>> print(5//2)
2
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取余操作符（%）用于计算整数相除的余数，其在 Python 3 中的工作方式和在

Python 2 中一样。

Python 2：
>>> print 5%2

1

Python 3：
>>> print(5%2)

1

range()

在 Python 2 中，range()函数返回一个列表。但在 Python 3 中，range()返

回一个 range对象。如果是循环访问的话，Python 3 中 range对象的工作方式和

Python 2 中的列表基本一样。但如果你想打印它，是不能看到 range对象中的各个

单独的值的。

Python 2：
>>> print range(5)

[0, 1, 2, 3, 4]

Python 3：
>>> print(range(5))

range(0, 5)

Python 2 到 Python 3 的转换

有一个名为 2to3 的工具会尝试自动将 Python 2 代码转换为 Python 3 代码。如果

你在使用 Python 3，可以拿本书中的代码清单试一下。很多代码在转换后都能正常工

作。但我们没有测试本书中的代码经 2to3 转换后能否正常工作，所以我们不保证它

适用于本书所有的代码清单。

尽管 Python 3 是 Python 的最新版本，但 Python 2 现在还是被广泛支持。因为非

常非常多的人编写的 Python 2 代码不能在 Python 3 中正常工作，所以很多公司和个

人都继续使用 Python 2。有很多模块还没有升级，无法支持 Python 3，甚至有一些模

块从来没有升级过。Python 2 的资源要远比 Python 3 的多，这也是我们决定在本书

中继续使用 Python 2 的一个原因。但如果你想尝试在自己的编程项目中使用 Python 3，
我们祝你好运。
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这里给出每一章最后“测试题”和“动手试一试”中习题的答案。当然，有些

问题的正确答案不止一个，特别是“动手试一试”中的习题，不过你可以通过这些

答案来看你的思路是否正确。

第 1 章

测试题

1.  在 Windows 中，从“开始”菜单启动 IDLE，选择 Python 2.7 下面的 IDLE
（Python GUI）。在 Mac OS X 上，如果你将 IDLE 放到了 Dock 上，则点

击 Dock 中的 IDLE，或者双击 Applications 文件夹中 Python2.7 文件夹中的

IDLE.app。在 Linux 中，取决于你使用的窗口管理器，不过通常都会有一个

Applications 或 Programs 菜单。注意，在 Linux 中，很多人不用 IDLE。他们

从终端中运行 Python，并使 vi 或 emacs 之类的编辑器编辑代码。

2.  print会在输出窗口中显示一些文本（在最前面的例子中，输出窗口就是

IDLE shell 窗口）。

3. Python 中的乘号是 *（星号）。

4. 运行程序时，IDLE 会显示这样一行：

365

Answers to Self-Test Questions
Here are the answers to the “Test your knowledge” and “Try it out” questions at the end of 
each chapter. Of course, there’s sometimes more than one right answer, especially with the 
“Try it out” questions, but you can use these answers to see if you are on the right track.

Chapter 1: Getting Started
Test your knowledge

1 In Windows, start IDLE by opening the Start menu, and under the Python 2.5 entry, 
select the IDLE (Python GUI) entry. In Mac OS X, click IDLE in the Dock, or double-click 
IDLE.app in the Applications folder. In Linux, it depends on which window manager 
you are using, but usually there is some sort of Applications or Programs menu.

2 print displays some text in the output window (the IDLE shell window, in our first 
examples).

3 The symbol for multiplication in Python is * (the asterisk symbol).

4 When you run a program, IDLE displays this line:

5 “Executing” a program is another way to say “running” a program.

Try it out
1 >>> print 7 * 24 * 60 (7 days in a week, 24 hours in a day, 60 minutes in an hour). 

You should get 10,080 as the answer.

>>> ======================= RESTART =======================

5. “执行”程序就是“运行”程序的另一种说法。

动手试一试

1.  >>> print 7 * 24 * 60（一周有 7 天，一天有 24 小时，一小时有 60 分

钟），所以答案应当是 10 080。

附录 C

自测题答案
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2. 你的程序应该类似这样：

366 Hello World!

2 Your program should 
look something like this: 

Chapter 2: Remember This—Memory and Variables
Test your knowledge

1 You tell Python that a variable is a string by putting quotes around it.

2 The question was, “Can you change the value that is assigned to a variable?” That 
depends what you mean by “change.” If you do this,

then you can do 

You have changed what is assigned to myAge. You have moved the myAge tag to a dif-
ferent thing: you moved it from 10 to 11. But you didn’t actually change the 10 into an 
11. So it is more correct to say that you can “reassign the name to a different value,” or 
“assign a new value to the variable,” rather than “change the value of the variable.”

3 No, TEACHER is not the same as TEACHEr. Because variable names are case-sensitive, the 
last letter of the two variable names makes them different.

4 Yes, 'Blah' and "Blah" are the same. They are both strings, and in this case, Python 
doesn’t care which kind of quotes you use, as long as the opening and closing quotes 
around the string match.

5 No, '4' is not the same as 4. The first one is a string (even though it only has one char-
acter) because it has quotes around it. The second one is a number.

6 Answer b. 2Teacher is not a correct variable name. Variable names in Python can’t 
start with a number.

7 "10" is a string because it has quotes around it.

Try it out
1 In interactive mode, you 

would do something like this:

2 You could do either of these:

                                                 or

print "My name is Warren Sande."
print "My birth date is January 1, 1970."
print "My favorite color is blue."

myAge = 10

myAge = 11

>>> temperature = 25
>>> print temperature
25

>>> temperature = 40
>>> print temperature
40

>>> temperature = temperature + 15
>>> print temperature
40

第 2 章

测试题

1. 可以在变量两边加上引号来告诉 Python 这个变量是一个字符串。

2.  这个问题就是：“可以改变赋给一个变量的值吗？”这要看你所说的“改变”

是什么意思。如果有： myAge = 10

 就可以这样做： myAge = 11

这样就改变了赋给 myAge的内容。你把 myAge标签移到了一个不同的东西上

（从 10 移到了 11 上）。不过你并没有真正把 10 变成 11。所以更正确的说法应

当是：你可以“把变量名重新指派到一个不同的值上”或者“为变量指定一

个新的值”，而不是“改变变量的值”。

3.  不，TEACHER与 TEACHEr不同。因为变量名是区分大小写的，最后一个字母

不同，所以这两个变量名也不同。

4.  对，'Blah'和 "Blah"是一样的。它们都是字符串，在这里，Python 并不关

心使用的是单引号还是双引号，只要字符串左边的开始引号与右边的结束引

号匹配就行。

5.  不，'4'与 4不同。第一个（'4'）是字符串（尽管这个字符串里只有一个字

符），因为它两边加了引号。第二个（4）则是一个数。

6.  答案是 b。2Teacher不是一个正确的变量名。Python 中的变量名不能以数字

开头。

7. "10"是一个字符串，因为它两边有引号。

动手试一试

1. 在交互模式中，可以这样做：

366 Hello World!

2 Your program should 
look something like this: 

Chapter 2: Remember This—Memory and Variables
Test your knowledge

1 You tell Python that a variable is a string by putting quotes around it.

2 The question was, “Can you change the value that is assigned to a variable?” That 
depends what you mean by “change.” If you do this,

then you can do 

You have changed what is assigned to myAge. You have moved the myAge tag to a dif-
ferent thing: you moved it from 10 to 11. But you didn’t actually change the 10 into an 
11. So it is more correct to say that you can “reassign the name to a different value,” or 
“assign a new value to the variable,” rather than “change the value of the variable.”

3 No, TEACHER is not the same as TEACHEr. Because variable names are case-sensitive, the 
last letter of the two variable names makes them different.

4 Yes, 'Blah' and "Blah" are the same. They are both strings, and in this case, Python 
doesn’t care which kind of quotes you use, as long as the opening and closing quotes 
around the string match.

5 No, '4' is not the same as 4. The first one is a string (even though it only has one char-
acter) because it has quotes around it. The second one is a number.

6 Answer b. 2Teacher is not a correct variable name. Variable names in Python can’t 
start with a number.

7 "10" is a string because it has quotes around it.

Try it out
1 In interactive mode, you 

would do something like this:

2 You could do either of these:

                                                 or

print "My name is Warren Sande."
print "My birth date is January 1, 1970."
print "My favorite color is blue."

myAge = 10

myAge = 11

>>> temperature = 25
>>> print temperature
25

>>> temperature = 40
>>> print temperature
40

>>> temperature = temperature + 15
>>> print temperature
40

2. 可以这样做：

366 Hello World!

2 Your program should 
look something like this: 

Chapter 2: Remember This—Memory and Variables
Test your knowledge

1 You tell Python that a variable is a string by putting quotes around it.

2 The question was, “Can you change the value that is assigned to a variable?” That 
depends what you mean by “change.” If you do this,

then you can do 

You have changed what is assigned to myAge. You have moved the myAge tag to a dif-
ferent thing: you moved it from 10 to 11. But you didn’t actually change the 10 into an 
11. So it is more correct to say that you can “reassign the name to a different value,” or 
“assign a new value to the variable,” rather than “change the value of the variable.”

3 No, TEACHER is not the same as TEACHEr. Because variable names are case-sensitive, the 
last letter of the two variable names makes them different.

4 Yes, 'Blah' and "Blah" are the same. They are both strings, and in this case, Python 
doesn’t care which kind of quotes you use, as long as the opening and closing quotes 
around the string match.

5 No, '4' is not the same as 4. The first one is a string (even though it only has one char-
acter) because it has quotes around it. The second one is a number.

6 Answer b. 2Teacher is not a correct variable name. Variable names in Python can’t 
start with a number.

7 "10" is a string because it has quotes around it.

Try it out
1 In interactive mode, you 

would do something like this:

2 You could do either of these:

                                                 or

print "My name is Warren Sande."
print "My birth date is January 1, 1970."
print "My favorite color is blue."

myAge = 10

myAge = 11

>>> temperature = 25
>>> print temperature
25

>>> temperature = 40
>>> print temperature
40

>>> temperature = temperature + 15
>>> print temperature
40

或者这样做：
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3. 可以这样做：

367 Answers to Self-Test Questions

3 You would do something like this:

4 Using variables, your “minutes per day” program would look something 
like this:

5 To see what would happen if there were 26 hours in the day, 
you would do this:

Chapter 3: Basic Math
Test your knowledge

1 Python uses the * (asterisk) symbol for multiplication.

2 Python would say that 8 / 3 = 2. Because 8 and 3 are both integers, Python gives the 
answer rounded down to the nearest integer.

3 To get the remainder, use the Modulus operator: 8 % 3. 

4 To get the decimal answer for 8 / 3, change one of them into a decimal number: 8.0 
/ 3 or 8 / 3.0. 

5 What’s another way of calculating 6 * 6 * 6 * 6 in Python? 6 ** 4 

6 17,000,000 in E-notation would be written as 1.7e7.

7 4.56e-5 is the same as 0.0000456.

Try it out
Here are some ways to solve these problems. You might have come up with a different way 
to do the same thing.

1 a) Calculate how much each 
     person should pay at the restaurant:

     Rounding this off, each person should pay $13.52.

b) Calculate the area and 
     perimeter of a rectangle:

>>> firstName = "Fred"
>>> print firstName
Fred

>>> DaysPerWeek = 7
>>> HoursPerDay = 24
>>> MinutesPerHour = 60
>>> print DaysPerWeek * HoursPerDay * MinutesPerHour
10080

>>> HoursPerDay = 26
>>> print DaysPerWeek * HoursPerDay * MinutesPerHour
10920

>>> print 35.27 * 1.15 / 3
>>> 13.5201666667

length = 16.7
width = 12.5
Perimeter = 2 * length + 2 * width
Area = length * width
print 'Length = ', length, ' Width = ', width
print "Area = ", Area
print "Perimeter = ", Perimeter

4. 如果使用变量，你的“每周有多少分钟”程序应该类似下面的代码：

　

367 Answers to Self-Test Questions

3 You would do something like this:

4 Using variables, your “minutes per day” program would look something 
like this:

5 To see what would happen if there were 26 hours in the day, 
you would do this:

Chapter 3: Basic Math
Test your knowledge

1 Python uses the * (asterisk) symbol for multiplication.

2 Python would say that 8 / 3 = 2. Because 8 and 3 are both integers, Python gives the 
answer rounded down to the nearest integer.

3 To get the remainder, use the Modulus operator: 8 % 3. 

4 To get the decimal answer for 8 / 3, change one of them into a decimal number: 8.0 
/ 3 or 8 / 3.0. 

5 What’s another way of calculating 6 * 6 * 6 * 6 in Python? 6 ** 4 

6 17,000,000 in E-notation would be written as 1.7e7.

7 4.56e-5 is the same as 0.0000456.

Try it out
Here are some ways to solve these problems. You might have come up with a different way 
to do the same thing.

1 a) Calculate how much each 
     person should pay at the restaurant:

     Rounding this off, each person should pay $13.52.

b) Calculate the area and 
     perimeter of a rectangle:

>>> firstName = "Fred"
>>> print firstName
Fred

>>> DaysPerWeek = 7
>>> HoursPerDay = 24
>>> MinutesPerHour = 60
>>> print DaysPerWeek * HoursPerDay * MinutesPerHour
10080

>>> HoursPerDay = 26
>>> print DaysPerWeek * HoursPerDay * MinutesPerHour
10920

>>> print 35.27 * 1.15 / 3
>>> 13.5201666667

length = 16.7
width = 12.5
Perimeter = 2 * length + 2 * width
Area = length * width
print 'Length = ', length, ' Width = ', width
print "Area = ", Area
print "Perimeter = ", Perimeter

5. 要看如果一天有 26 小时会有什么结果，可以这样做：

第 3 章

测试题

1. Python 使用 *（星号）表示乘法。

2.  Python 会得出结果 8/3=2。因为 8 和 3 都是整数，所以 Python 2 会把答案向下

取整为最接近的整数。（注意，在 Python 3 中，你会得出结果 2.66666666667，
因为 Python 3 不像 Python 2 那样对整数默认做整除运算。）

3. 要得到余数，可以使用取余操作符：8 % 3。

4. 要得到 8/3的小数结果，需要把其中一个数改为小数：8.0/3或 8/3.0。（注

意，在 Python 3 中，会自动得出小数结果。）

5. Python 中计算 6 * 6 * 6 * 6 的另一种做法是什么？ 6 ** 4

6. 17 000 000 采用 E 记法要写作 1.7e7。

7. 4.56e-5就是 0.000 045 6。

动手试一试

解决这些问题还有其他方法。你可能会提出不同的方法来做这些事情。

1. (a) 计算每个人在餐厅要付多少钱：

367 Answers to Self-Test Questions

3 You would do something like this:

4 Using variables, your “minutes per day” program would look something 
like this:

5 To see what would happen if there were 26 hours in the day, 
you would do this:

Chapter 3: Basic Math
Test your knowledge

1 Python uses the * (asterisk) symbol for multiplication.

2 Python would say that 8 / 3 = 2. Because 8 and 3 are both integers, Python gives the 
answer rounded down to the nearest integer.

3 To get the remainder, use the Modulus operator: 8 % 3. 

4 To get the decimal answer for 8 / 3, change one of them into a decimal number: 8.0 
/ 3 or 8 / 3.0. 

5 What’s another way of calculating 6 * 6 * 6 * 6 in Python? 6 ** 4 

6 17,000,000 in E-notation would be written as 1.7e7.

7 4.56e-5 is the same as 0.0000456.

Try it out
Here are some ways to solve these problems. You might have come up with a different way 
to do the same thing.

1 a) Calculate how much each 
     person should pay at the restaurant:

     Rounding this off, each person should pay $13.52.

b) Calculate the area and 
     perimeter of a rectangle:

>>> firstName = "Fred"
>>> print firstName
Fred

>>> DaysPerWeek = 7
>>> HoursPerDay = 24
>>> MinutesPerHour = 60
>>> print DaysPerWeek * HoursPerDay * MinutesPerHour
10080

>>> HoursPerDay = 26
>>> print DaysPerWeek * HoursPerDay * MinutesPerHour
10920

>>> print 35.27 * 1.15 / 3
>>> 13.5201666667

length = 16.7
width = 12.5
Perimeter = 2 * length + 2 * width
Area = length * width
print 'Length = ', length, ' Width = ', width
print "Area = ", Area
print "Perimeter = ", Perimeter

 把它四舍五入，每个人应当付 $13.52。
 (b) 计算一个矩形的面积和周长：

367 Answers to Self-Test Questions

3 You would do something like this:

4 Using variables, your “minutes per day” program would look something 
like this:

5 To see what would happen if there were 26 hours in the day, 
you would do this:

Chapter 3: Basic Math
Test your knowledge

1 Python uses the * (asterisk) symbol for multiplication.

2 Python would say that 8 / 3 = 2. Because 8 and 3 are both integers, Python gives the 
answer rounded down to the nearest integer.

3 To get the remainder, use the Modulus operator: 8 % 3. 

4 To get the decimal answer for 8 / 3, change one of them into a decimal number: 8.0 
/ 3 or 8 / 3.0. 

5 What’s another way of calculating 6 * 6 * 6 * 6 in Python? 6 ** 4 

6 17,000,000 in E-notation would be written as 1.7e7.

7 4.56e-5 is the same as 0.0000456.

Try it out
Here are some ways to solve these problems. You might have come up with a different way 
to do the same thing.

1 a) Calculate how much each 
     person should pay at the restaurant:

     Rounding this off, each person should pay $13.52.

b) Calculate the area and 
     perimeter of a rectangle:

>>> firstName = "Fred"
>>> print firstName
Fred

>>> DaysPerWeek = 7
>>> HoursPerDay = 24
>>> MinutesPerHour = 60
>>> print DaysPerWeek * HoursPerDay * MinutesPerHour
10080

>>> HoursPerDay = 26
>>> print DaysPerWeek * HoursPerDay * MinutesPerHour
10920

>>> print 35.27 * 1.15 / 3
>>> 13.5201666667

length = 16.7
width = 12.5
Perimeter = 2 * length + 2 * width
Area = length * width
print 'Length = ', length, ' Width = ', width
print "Area = ", Area
print "Perimeter = ", Perimeter

367 Answers to Self-Test Questions

3 You would do something like this:

4 Using variables, your “minutes per day” program would look something 
like this:

5 To see what would happen if there were 26 hours in the day, 
you would do this:

Chapter 3: Basic Math
Test your knowledge

1 Python uses the * (asterisk) symbol for multiplication.

2 Python would say that 8 / 3 = 2. Because 8 and 3 are both integers, Python gives the 
answer rounded down to the nearest integer.

3 To get the remainder, use the Modulus operator: 8 % 3. 

4 To get the decimal answer for 8 / 3, change one of them into a decimal number: 8.0 
/ 3 or 8 / 3.0. 

5 What’s another way of calculating 6 * 6 * 6 * 6 in Python? 6 ** 4 

6 17,000,000 in E-notation would be written as 1.7e7.

7 4.56e-5 is the same as 0.0000456.

Try it out
Here are some ways to solve these problems. You might have come up with a different way 
to do the same thing.

1 a) Calculate how much each 
     person should pay at the restaurant:

     Rounding this off, each person should pay $13.52.

b) Calculate the area and 
     perimeter of a rectangle:

>>> firstName = "Fred"
>>> print firstName
Fred

>>> DaysPerWeek = 7
>>> HoursPerDay = 24
>>> MinutesPerHour = 60
>>> print DaysPerWeek * HoursPerDay * MinutesPerHour
10080

>>> HoursPerDay = 26
>>> print DaysPerWeek * HoursPerDay * MinutesPerHour
10920

>>> print 35.27 * 1.15 / 3
>>> 13.5201666667

length = 16.7
width = 12.5
Perimeter = 2 * length + 2 * width
Area = length * width
print 'Length = ', length, ' Width = ', width
print "Area = ", Area
print "Perimeter = ", Perimeter
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下面是运行这个程序的示例输出：

368 Hello World!

Here’s a sample run of the program:

2 Here’s a program to convert temperatures from Fahrenheit to Celsius:

3 Calculate the time it will take to 
drive a certain distance at a given speed:

(Remember to make at least one of the numbers in the division a decimal, unless you 
want the answer to be rounded down to an integer.)

Chapter 4: Types of Data
Test your knowledge

1 The int() function always rounds down (to the next integer to the left on the number 
line).

2 In our temperature-conversion 
program, would these have worked?

Try them and see what happens: 

Why didn’t it work? 

Remember that everything inside the 
parentheses is done first. So it goes like this:

Then 

Because it goes from left to right, 5 / 9 gets done first. Because 5 and 9 are both inte-
gers, Python does integer division and rounds the answer down. Because the answer 
is less than 1, it gets rounded down to 0. Then 

Then 

fahrenheit = 75
celsius  = 5.0/9 * (fahrenheit - 32)
print "Fahrenheit  = ", fahrenheit, "Celsius =", celsius

Length = 16.7 Width = 12.5
Area = 208.75
Perimeter = 58.4

distance = 200
speed = 80.0
time = distance / speed
print "time =", time

cel = float(5 / 9 * (fahr – 32))
cel = 5 / 9 * float(fahr – 32)

>>> fahr = 75
>>> cel = float(5 / 9 * (fahr – 32))
>>> print cel
0.0

75 - 32 = 43

5 / 9 = 0 

0 * 43 = 0

float(0) = 0.0

2. 下面是一个把华式度转换为摄氏度的程序：

    

3. 计算以某个速度行驶一定距离需要花多长时间：

 （要记住，除法中至少有一个数是小数，除非答案会向下取整为一个整数）。

第 4 章

测试题

1. int()函数总是向下取整（这个数左边的最大整数）。

2. 在我们的温度转换程序中，可以这样做吗？

 试试看，会发生什么：

368 Hello World!

Here’s a sample run of the program:

2 Here’s a program to convert temperatures from Fahrenheit to Celsius:

3 Calculate the time it will take to 
drive a certain distance at a given speed:

(Remember to make at least one of the numbers in the division a decimal, unless you 
want the answer to be rounded down to an integer.)

Chapter 4: Types of Data
Test your knowledge

1 The int() function always rounds down (to the next integer to the left on the number 
line).

2 In our temperature-conversion 
program, would these have worked?

Try them and see what happens: 

Why didn’t it work? 

Remember that everything inside the 
parentheses is done first. So it goes like this:

Then 

Because it goes from left to right, 5 / 9 gets done first. Because 5 and 9 are both inte-
gers, Python does integer division and rounds the answer down. Because the answer 
is less than 1, it gets rounded down to 0. Then 

Then 

fahrenheit = 75
celsius  = 5.0/9 * (fahrenheit - 32)
print "Fahrenheit  = ", fahrenheit, "Celsius =", celsius

Length = 16.7 Width = 12.5
Area = 208.75
Perimeter = 58.4

distance = 200
speed = 80.0
time = distance / speed
print "time =", time

cel = float(5 / 9 * (fahr – 32))
cel = 5 / 9 * float(fahr – 32)

>>> fahr = 75
>>> cel = float(5 / 9 * (fahr – 32))
>>> print cel
0.0

75 - 32 = 43

5 / 9 = 0 

0 * 43 = 0

float(0) = 0.0

 为什么不能正常工作？

 要记住，括号里的一切会先完成。所以它会先这样：

368 Hello World!

Here’s a sample run of the program:

2 Here’s a program to convert temperatures from Fahrenheit to Celsius:

3 Calculate the time it will take to 
drive a certain distance at a given speed:

(Remember to make at least one of the numbers in the division a decimal, unless you 
want the answer to be rounded down to an integer.)

Chapter 4: Types of Data
Test your knowledge

1 The int() function always rounds down (to the next integer to the left on the number 
line).

2 In our temperature-conversion 
program, would these have worked?

Try them and see what happens: 

Why didn’t it work? 

Remember that everything inside the 
parentheses is done first. So it goes like this:

Then 

Because it goes from left to right, 5 / 9 gets done first. Because 5 and 9 are both inte-
gers, Python does integer division and rounds the answer down. Because the answer 
is less than 1, it gets rounded down to 0. Then 

Then 

fahrenheit = 75
celsius  = 5.0/9 * (fahrenheit - 32)
print "Fahrenheit  = ", fahrenheit, "Celsius =", celsius

Length = 16.7 Width = 12.5
Area = 208.75
Perimeter = 58.4

distance = 200
speed = 80.0
time = distance / speed
print "time =", time

cel = float(5 / 9 * (fahr – 32))
cel = 5 / 9 * float(fahr – 32)

>>> fahr = 75
>>> cel = float(5 / 9 * (fahr – 32))
>>> print cel
0.0

75 - 32 = 43

5 / 9 = 0 

0 * 43 = 0

float(0) = 0.0

 然后再这样做：

368 Hello World!

Here’s a sample run of the program:

2 Here’s a program to convert temperatures from Fahrenheit to Celsius:

3 Calculate the time it will take to 
drive a certain distance at a given speed:

(Remember to make at least one of the numbers in the division a decimal, unless you 
want the answer to be rounded down to an integer.)

Chapter 4: Types of Data
Test your knowledge

1 The int() function always rounds down (to the next integer to the left on the number 
line).

2 In our temperature-conversion 
program, would these have worked?

Try them and see what happens: 

Why didn’t it work? 

Remember that everything inside the 
parentheses is done first. So it goes like this:

Then 

Because it goes from left to right, 5 / 9 gets done first. Because 5 and 9 are both inte-
gers, Python does integer division and rounds the answer down. Because the answer 
is less than 1, it gets rounded down to 0. Then 

Then 

fahrenheit = 75
celsius  = 5.0/9 * (fahrenheit - 32)
print "Fahrenheit  = ", fahrenheit, "Celsius =", celsius

Length = 16.7 Width = 12.5
Area = 208.75
Perimeter = 58.4

distance = 200
speed = 80.0
time = distance / speed
print "time =", time

cel = float(5 / 9 * (fahr – 32))
cel = 5 / 9 * float(fahr – 32)

>>> fahr = 75
>>> cel = float(5 / 9 * (fahr – 32))
>>> print cel
0.0

75 - 32 = 43

5 / 9 = 0 

0 * 43 = 0

float(0) = 0.0

因为它会从左到右计算，所以先完成 5/9 。因为 5 和 9 都是整数，所以

Python 会完成整除，将答案向下取整。由于这个答案小于 1，所以会取整为

0。然后得到：

368 Hello World!

Here’s a sample run of the program:

2 Here’s a program to convert temperatures from Fahrenheit to Celsius:

3 Calculate the time it will take to 
drive a certain distance at a given speed:

(Remember to make at least one of the numbers in the division a decimal, unless you 
want the answer to be rounded down to an integer.)

Chapter 4: Types of Data
Test your knowledge

1 The int() function always rounds down (to the next integer to the left on the number 
line).

2 In our temperature-conversion 
program, would these have worked?

Try them and see what happens: 

Why didn’t it work? 

Remember that everything inside the 
parentheses is done first. So it goes like this:

Then 

Because it goes from left to right, 5 / 9 gets done first. Because 5 and 9 are both inte-
gers, Python does integer division and rounds the answer down. Because the answer 
is less than 1, it gets rounded down to 0. Then 

Then 

fahrenheit = 75
celsius  = 5.0/9 * (fahrenheit - 32)
print "Fahrenheit  = ", fahrenheit, "Celsius =", celsius

Length = 16.7 Width = 12.5
Area = 208.75
Perimeter = 58.4

distance = 200
speed = 80.0
time = distance / speed
print "time =", time

cel = float(5 / 9 * (fahr – 32))
cel = 5 / 9 * float(fahr – 32)

>>> fahr = 75
>>> cel = float(5 / 9 * (fahr – 32))
>>> print cel
0.0

75 - 32 = 43

5 / 9 = 0 

0 * 43 = 0

float(0) = 0.0 接下来：

368 Hello World!

Here’s a sample run of the program:

2 Here’s a program to convert temperatures from Fahrenheit to Celsius:

3 Calculate the time it will take to 
drive a certain distance at a given speed:

(Remember to make at least one of the numbers in the division a decimal, unless you 
want the answer to be rounded down to an integer.)

Chapter 4: Types of Data
Test your knowledge

1 The int() function always rounds down (to the next integer to the left on the number 
line).

2 In our temperature-conversion 
program, would these have worked?

Try them and see what happens: 

Why didn’t it work? 

Remember that everything inside the 
parentheses is done first. So it goes like this:

Then 

Because it goes from left to right, 5 / 9 gets done first. Because 5 and 9 are both inte-
gers, Python does integer division and rounds the answer down. Because the answer 
is less than 1, it gets rounded down to 0. Then 

Then 

fahrenheit = 75
celsius  = 5.0/9 * (fahrenheit - 32)
print "Fahrenheit  = ", fahrenheit, "Celsius =", celsius

Length = 16.7 Width = 12.5
Area = 208.75
Perimeter = 58.4

distance = 200
speed = 80.0
time = distance / speed
print "time =", time

cel = float(5 / 9 * (fahr – 32))
cel = 5 / 9 * float(fahr – 32)

>>> fahr = 75
>>> cel = float(5 / 9 * (fahr – 32))
>>> print cel
0.0

75 - 32 = 43

5 / 9 = 0 

0 * 43 = 0

float(0) = 0.0

368 Hello World!

Here’s a sample run of the program:

2 Here’s a program to convert temperatures from Fahrenheit to Celsius:

3 Calculate the time it will take to 
drive a certain distance at a given speed:

(Remember to make at least one of the numbers in the division a decimal, unless you 
want the answer to be rounded down to an integer.)

Chapter 4: Types of Data
Test your knowledge

1 The int() function always rounds down (to the next integer to the left on the number 
line).

2 In our temperature-conversion 
program, would these have worked?

Try them and see what happens: 

Why didn’t it work? 

Remember that everything inside the 
parentheses is done first. So it goes like this:

Then 

Because it goes from left to right, 5 / 9 gets done first. Because 5 and 9 are both inte-
gers, Python does integer division and rounds the answer down. Because the answer 
is less than 1, it gets rounded down to 0. Then 

Then 

fahrenheit = 75
celsius  = 5.0/9 * (fahrenheit - 32)
print "Fahrenheit  = ", fahrenheit, "Celsius =", celsius

Length = 16.7 Width = 12.5
Area = 208.75
Perimeter = 58.4

distance = 200
speed = 80.0
time = distance / speed
print "time =", time

cel = float(5 / 9 * (fahr – 32))
cel = 5 / 9 * float(fahr – 32)

>>> fahr = 75
>>> cel = float(5 / 9 * (fahr – 32))
>>> print cel
0.0

75 - 32 = 43

5 / 9 = 0 

0 * 43 = 0

float(0) = 0.0

368 Hello World!

Here’s a sample run of the program:

2 Here’s a program to convert temperatures from Fahrenheit to Celsius:

3 Calculate the time it will take to 
drive a certain distance at a given speed:

(Remember to make at least one of the numbers in the division a decimal, unless you 
want the answer to be rounded down to an integer.)

Chapter 4: Types of Data
Test your knowledge

1 The int() function always rounds down (to the next integer to the left on the number 
line).

2 In our temperature-conversion 
program, would these have worked?

Try them and see what happens: 

Why didn’t it work? 

Remember that everything inside the 
parentheses is done first. So it goes like this:

Then 

Because it goes from left to right, 5 / 9 gets done first. Because 5 and 9 are both inte-
gers, Python does integer division and rounds the answer down. Because the answer 
is less than 1, it gets rounded down to 0. Then 

Then 

fahrenheit = 75
celsius  = 5.0/9 * (fahrenheit - 32)
print "Fahrenheit  = ", fahrenheit, "Celsius =", celsius

Length = 16.7 Width = 12.5
Area = 208.75
Perimeter = 58.4

distance = 200
speed = 80.0
time = distance / speed
print "time =", time

cel = float(5 / 9 * (fahr – 32))
cel = 5 / 9 * float(fahr – 32)

>>> fahr = 75
>>> cel = float(5 / 9 * (fahr – 32))
>>> print cel
0.0

75 - 32 = 43

5 / 9 = 0 

0 * 43 = 0

float(0) = 0.0

368 Hello World!

Here’s a sample run of the program:

2 Here’s a program to convert temperatures from Fahrenheit to Celsius:

3 Calculate the time it will take to 
drive a certain distance at a given speed:

(Remember to make at least one of the numbers in the division a decimal, unless you 
want the answer to be rounded down to an integer.)

Chapter 4: Types of Data
Test your knowledge

1 The int() function always rounds down (to the next integer to the left on the number 
line).

2 In our temperature-conversion 
program, would these have worked?

Try them and see what happens: 

Why didn’t it work? 

Remember that everything inside the 
parentheses is done first. So it goes like this:

Then 

Because it goes from left to right, 5 / 9 gets done first. Because 5 and 9 are both inte-
gers, Python does integer division and rounds the answer down. Because the answer 
is less than 1, it gets rounded down to 0. Then 

Then 

fahrenheit = 75
celsius  = 5.0/9 * (fahrenheit - 32)
print "Fahrenheit  = ", fahrenheit, "Celsius =", celsius

Length = 16.7 Width = 12.5
Area = 208.75
Perimeter = 58.4

distance = 200
speed = 80.0
time = distance / speed
print "time =", time

cel = float(5 / 9 * (fahr – 32))
cel = 5 / 9 * float(fahr – 32)

>>> fahr = 75
>>> cel = float(5 / 9 * (fahr – 32))
>>> print cel
0.0

75 - 32 = 43

5 / 9 = 0 

0 * 43 = 0

float(0) = 0.0
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 执行到 float()时，已经太晚了—答案已经是 0 了！第二个公式也一样。

3.  可以“骗过”int()，让它四舍五入而不是向下取整，只需将传入 int()的

数加 0.5。

 右面是一个例子（交互模式中）：

 如果原先的数小于 13.5，int()会得到一个小于 14 的数，这会向下取整为 13。

如果原来的数大于或者等于 13.5，int()会得到一个等于或者大于 14 的数，

这就会向下取整为 14。

动手试一试

1. 可以使用 float()将字符串转换为小数：

369 Answers to Self-Test Questions

By the time it got to float(), it was too late—the answer was already 0! The same 
goes for the second equation.

3 You can “trick” int() into rounding off instead of rounding down by adding 0.5 to the 
number you pass to int().

Here’s an example (in interactive mode):

If the original number is less then 13.5, int() gets a number less than 14, which 
rounds down to 13. 

If the original number is 13.5 or greater, int() gets a number equal to or greater than 
14, which rounds down to 14. 

Try it out
1 We can use float() to 

convert a string to a decimal number:

But how do we know that this is a 
number and not a string? Let’s check the type:

2 We can use int() to convert a 
decimal number to an integer:

The answer got rounded down. 

3 We can use int() to convert a string to an integer: 

Chapter 5: Input
Test your knowledge

1 With this code,

if the user types in 12, answer contains a string. That’s because raw_input() always 
gives you a string. 

>>> a = 13.2
>>> roundoff = int(a + 0.5)
>>> roundoff
13
>>> b = 13.7
>>> roundoff = int(b + 0.5)
>>> b
14

>>> a = float('12.34')
>>> print a
12.34

>>> type(a)
<type 'float'>

>>> print int(56.78)
56

>>> a = int('75')
>>> print a 
75
>>> type(a)
<type 'int'>

answer = raw_input()

 不过我们怎么能知道这是数而不是字符串呢？下面来检查类型：
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By the time it got to float(), it was too late—the answer was already 0! The same 
goes for the second equation.

3 You can “trick” int() into rounding off instead of rounding down by adding 0.5 to the 
number you pass to int().

Here’s an example (in interactive mode):

If the original number is less then 13.5, int() gets a number less than 14, which 
rounds down to 13. 

If the original number is 13.5 or greater, int() gets a number equal to or greater than 
14, which rounds down to 14. 

Try it out
1 We can use float() to 

convert a string to a decimal number:

But how do we know that this is a 
number and not a string? Let’s check the type:

2 We can use int() to convert a 
decimal number to an integer:

The answer got rounded down. 

3 We can use int() to convert a string to an integer: 

Chapter 5: Input
Test your knowledge

1 With this code,

if the user types in 12, answer contains a string. That’s because raw_input() always 
gives you a string. 

>>> a = 13.2
>>> roundoff = int(a + 0.5)
>>> roundoff
13
>>> b = 13.7
>>> roundoff = int(b + 0.5)
>>> b
14

>>> a = float('12.34')
>>> print a
12.34

>>> type(a)
<type 'float'>

>>> print int(56.78)
56

>>> a = int('75')
>>> print a 
75
>>> type(a)
<type 'int'>

answer = raw_input()

2. 可以使用 int()把小数转换为整数：

369 Answers to Self-Test Questions

By the time it got to float(), it was too late—the answer was already 0! The same 
goes for the second equation.

3 You can “trick” int() into rounding off instead of rounding down by adding 0.5 to the 
number you pass to int().

Here’s an example (in interactive mode):

If the original number is less then 13.5, int() gets a number less than 14, which 
rounds down to 13. 

If the original number is 13.5 or greater, int() gets a number equal to or greater than 
14, which rounds down to 14. 

Try it out
1 We can use float() to 

convert a string to a decimal number:

But how do we know that this is a 
number and not a string? Let’s check the type:

2 We can use int() to convert a 
decimal number to an integer:

The answer got rounded down. 

3 We can use int() to convert a string to an integer: 

Chapter 5: Input
Test your knowledge

1 With this code,

if the user types in 12, answer contains a string. That’s because raw_input() always 
gives you a string. 

>>> a = 13.2
>>> roundoff = int(a + 0.5)
>>> roundoff
13
>>> b = 13.7
>>> roundoff = int(b + 0.5)
>>> b
14

>>> a = float('12.34')
>>> print a
12.34

>>> type(a)
<type 'float'>

>>> print int(56.78)
56

>>> a = int('75')
>>> print a 
75
>>> type(a)
<type 'int'>

answer = raw_input()

 结果会向下取整。

3. 可以使用 int()把字符串转换为整数：

369 Answers to Self-Test Questions

By the time it got to float(), it was too late—the answer was already 0! The same 
goes for the second equation.

3 You can “trick” int() into rounding off instead of rounding down by adding 0.5 to the 
number you pass to int().

Here’s an example (in interactive mode):

If the original number is less then 13.5, int() gets a number less than 14, which 
rounds down to 13. 

If the original number is 13.5 or greater, int() gets a number equal to or greater than 
14, which rounds down to 14. 

Try it out
1 We can use float() to 

convert a string to a decimal number:

But how do we know that this is a 
number and not a string? Let’s check the type:

2 We can use int() to convert a 
decimal number to an integer:

The answer got rounded down. 

3 We can use int() to convert a string to an integer: 

Chapter 5: Input
Test your knowledge

1 With this code,

if the user types in 12, answer contains a string. That’s because raw_input() always 
gives you a string. 

>>> a = 13.2
>>> roundoff = int(a + 0.5)
>>> roundoff
13
>>> b = 13.7
>>> roundoff = int(b + 0.5)
>>> b
14

>>> a = float('12.34')
>>> print a
12.34

>>> type(a)
<type 'float'>

>>> print int(56.78)
56

>>> a = int('75')
>>> print a 
75
>>> type(a)
<type 'int'>

answer = raw_input()

第 5 章

测试题

1. 对于这行代码：

369 Answers to Self-Test Questions

By the time it got to float(), it was too late—the answer was already 0! The same 
goes for the second equation.

3 You can “trick” int() into rounding off instead of rounding down by adding 0.5 to the 
number you pass to int().

Here’s an example (in interactive mode):

If the original number is less then 13.5, int() gets a number less than 14, which 
rounds down to 13. 

If the original number is 13.5 or greater, int() gets a number equal to or greater than 
14, which rounds down to 14. 

Try it out
1 We can use float() to 

convert a string to a decimal number:

But how do we know that this is a 
number and not a string? Let’s check the type:

2 We can use int() to convert a 
decimal number to an integer:

The answer got rounded down. 

3 We can use int() to convert a string to an integer: 

Chapter 5: Input
Test your knowledge

1 With this code,

if the user types in 12, answer contains a string. That’s because raw_input() always 
gives you a string. 

>>> a = 13.2
>>> roundoff = int(a + 0.5)
>>> roundoff
13
>>> b = 13.7
>>> roundoff = int(b + 0.5)
>>> b
14

>>> a = float('12.34')
>>> print a
12.34

>>> type(a)
<type 'float'>

>>> print int(56.78)
56

>>> a = int('75')
>>> print a 
75
>>> type(a)
<type 'int'>

answer = raw_input()

如果用户键入 12，answer会包含一个字符串。这是因为 raw_input()总是

会得到一个字符串。

369 Answers to Self-Test Questions

By the time it got to float(), it was too late—the answer was already 0! The same 
goes for the second equation.

3 You can “trick” int() into rounding off instead of rounding down by adding 0.5 to the 
number you pass to int().

Here’s an example (in interactive mode):

If the original number is less then 13.5, int() gets a number less than 14, which 
rounds down to 13. 

If the original number is 13.5 or greater, int() gets a number equal to or greater than 
14, which rounds down to 14. 

Try it out
1 We can use float() to 

convert a string to a decimal number:

But how do we know that this is a 
number and not a string? Let’s check the type:

2 We can use int() to convert a 
decimal number to an integer:

The answer got rounded down. 

3 We can use int() to convert a string to an integer: 

Chapter 5: Input
Test your knowledge

1 With this code,

if the user types in 12, answer contains a string. That’s because raw_input() always 
gives you a string. 

>>> a = 13.2
>>> roundoff = int(a + 0.5)
>>> roundoff
13
>>> b = 13.7
>>> roundoff = int(b + 0.5)
>>> b
14

>>> a = float('12.34')
>>> print a
12.34

>>> type(a)
<type 'float'>

>>> print int(56.78)
56

>>> a = int('75')
>>> print a 
75
>>> type(a)
<type 'int'>

answer = raw_input()
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 在一个小程序里试试看：

370 Hello World!

Try it in a short program and see:

So raw_input() gives you a string.

2 To get raw_input() to print a prompt message, put some text in quotes inside the 
parentheses, like this:

3 To get an integer using raw_input(), use int() to convert the string you get from 
raw_input(). You can do it in two steps, like this:

Or you can do it in a single step, like this:

4 This is very similar to the previous question, except you use float() instead of int().

Try It Out
1 Your instructions in interactive 

mode should look something like this:

Oops! There’s no space. You can either 
add a space at the end of your first name,

or try this:

or you could just use a comma, like this:

2 The program should 
look something like this:

print "enter a number: ",
answer = raw_input()
print type(answer)

>>> ============== RESTART ==============
>>>
enter a number: 12
<type 'str'>
>>>

answer = raw_input("Type in a number: ")

something = raw_input()
answer = int(something)

answer = int(raw_input())

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first + last
WarrenSande

>>> first = 'Warren '

>>> print first + ' ' + last
Warren Sande

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first, last
Warren Sande

first = raw_input('enter your first name: ')
last = raw_input('enter your last name: ')
print 'Hello,', first, last, 'how are you today?'

 所以 raw_input()会提供一个字符串。

 记住，在 Python 3 中，raw、input()改名为 input()3。

2.  要让 raw_input()打印一条提示消息，可以在括号里的引号中加一些文本，

如下：

370 Hello World!

Try it in a short program and see:

So raw_input() gives you a string.

2 To get raw_input() to print a prompt message, put some text in quotes inside the 
parentheses, like this:

3 To get an integer using raw_input(), use int() to convert the string you get from 
raw_input(). You can do it in two steps, like this:

Or you can do it in a single step, like this:

4 This is very similar to the previous question, except you use float() instead of int().

Try It Out
1 Your instructions in interactive 

mode should look something like this:

Oops! There’s no space. You can either 
add a space at the end of your first name,

or try this:

or you could just use a comma, like this:

2 The program should 
look something like this:

print "enter a number: ",
answer = raw_input()
print type(answer)

>>> ============== RESTART ==============
>>>
enter a number: 12
<type 'str'>
>>>

answer = raw_input("Type in a number: ")

something = raw_input()
answer = int(something)

answer = int(raw_input())

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first + last
WarrenSande

>>> first = 'Warren '

>>> print first + ' ' + last
Warren Sande

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first, last
Warren Sande

first = raw_input('enter your first name: ')
last = raw_input('enter your last name: ')
print 'Hello,', first, last, 'how are you today?'

3.  要使用 raw_input()得到一个整数，可以使用 int()转换从 raw_input()

得到的字符串。这个工作可以分两步来完成，如下：

370 Hello World!

Try it in a short program and see:

So raw_input() gives you a string.

2 To get raw_input() to print a prompt message, put some text in quotes inside the 
parentheses, like this:

3 To get an integer using raw_input(), use int() to convert the string you get from 
raw_input(). You can do it in two steps, like this:

Or you can do it in a single step, like this:

4 This is very similar to the previous question, except you use float() instead of int().

Try It Out
1 Your instructions in interactive 

mode should look something like this:

Oops! There’s no space. You can either 
add a space at the end of your first name,

or try this:

or you could just use a comma, like this:

2 The program should 
look something like this:

print "enter a number: ",
answer = raw_input()
print type(answer)

>>> ============== RESTART ==============
>>>
enter a number: 12
<type 'str'>
>>>

answer = raw_input("Type in a number: ")

something = raw_input()
answer = int(something)

answer = int(raw_input())

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first + last
WarrenSande

>>> first = 'Warren '

>>> print first + ' ' + last
Warren Sande

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first, last
Warren Sande

first = raw_input('enter your first name: ')
last = raw_input('enter your last name: ')
print 'Hello,', first, last, 'how are you today?'

 或者也可以一步完成，如下：

370 Hello World!

Try it in a short program and see:

So raw_input() gives you a string.

2 To get raw_input() to print a prompt message, put some text in quotes inside the 
parentheses, like this:

3 To get an integer using raw_input(), use int() to convert the string you get from 
raw_input(). You can do it in two steps, like this:

Or you can do it in a single step, like this:

4 This is very similar to the previous question, except you use float() instead of int().

Try It Out
1 Your instructions in interactive 

mode should look something like this:

Oops! There’s no space. You can either 
add a space at the end of your first name,

or try this:

or you could just use a comma, like this:

2 The program should 
look something like this:

print "enter a number: ",
answer = raw_input()
print type(answer)

>>> ============== RESTART ==============
>>>
enter a number: 12
<type 'str'>
>>>

answer = raw_input("Type in a number: ")

something = raw_input()
answer = int(something)

answer = int(raw_input())

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first + last
WarrenSande

>>> first = 'Warren '

>>> print first + ' ' + last
Warren Sande

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first, last
Warren Sande

first = raw_input('enter your first name: ')
last = raw_input('enter your last name: ')
print 'Hello,', first, last, 'how are you today?'

4. 与上一题类似，只不过要使用 float()而不是 int()。

动手试一试

1. 交互模式中，这个指令应当如下所示：

370 Hello World!

Try it in a short program and see:

So raw_input() gives you a string.

2 To get raw_input() to print a prompt message, put some text in quotes inside the 
parentheses, like this:

3 To get an integer using raw_input(), use int() to convert the string you get from 
raw_input(). You can do it in two steps, like this:

Or you can do it in a single step, like this:

4 This is very similar to the previous question, except you use float() instead of int().

Try It Out
1 Your instructions in interactive 

mode should look something like this:

Oops! There’s no space. You can either 
add a space at the end of your first name,

or try this:

or you could just use a comma, like this:

2 The program should 
look something like this:

print "enter a number: ",
answer = raw_input()
print type(answer)

>>> ============== RESTART ==============
>>>
enter a number: 12
<type 'str'>
>>>

answer = raw_input("Type in a number: ")

something = raw_input()
answer = int(something)

answer = int(raw_input())

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first + last
WarrenSande

>>> first = 'Warren '

>>> print first + ' ' + last
Warren Sande

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first, last
Warren Sande

first = raw_input('enter your first name: ')
last = raw_input('enter your last name: ')
print 'Hello,', first, last, 'how are you today?'

 唉呀！没有空格。可以在你的名字末尾加一个空格。

370 Hello World!

Try it in a short program and see:

So raw_input() gives you a string.

2 To get raw_input() to print a prompt message, put some text in quotes inside the 
parentheses, like this:

3 To get an integer using raw_input(), use int() to convert the string you get from 
raw_input(). You can do it in two steps, like this:

Or you can do it in a single step, like this:

4 This is very similar to the previous question, except you use float() instead of int().

Try It Out
1 Your instructions in interactive 

mode should look something like this:

Oops! There’s no space. You can either 
add a space at the end of your first name,

or try this:

or you could just use a comma, like this:

2 The program should 
look something like this:

print "enter a number: ",
answer = raw_input()
print type(answer)

>>> ============== RESTART ==============
>>>
enter a number: 12
<type 'str'>
>>>

answer = raw_input("Type in a number: ")

something = raw_input()
answer = int(something)

answer = int(raw_input())

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first + last
WarrenSande

>>> first = 'Warren '

>>> print first + ' ' + last
Warren Sande

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first, last
Warren Sande

first = raw_input('enter your first name: ')
last = raw_input('enter your last name: ')
print 'Hello,', first, last, 'how are you today?'

 或者这样试试看：

370 Hello World!

Try it in a short program and see:

So raw_input() gives you a string.

2 To get raw_input() to print a prompt message, put some text in quotes inside the 
parentheses, like this:

3 To get an integer using raw_input(), use int() to convert the string you get from 
raw_input(). You can do it in two steps, like this:

Or you can do it in a single step, like this:

4 This is very similar to the previous question, except you use float() instead of int().

Try It Out
1 Your instructions in interactive 

mode should look something like this:

Oops! There’s no space. You can either 
add a space at the end of your first name,

or try this:

or you could just use a comma, like this:

2 The program should 
look something like this:

print "enter a number: ",
answer = raw_input()
print type(answer)

>>> ============== RESTART ==============
>>>
enter a number: 12
<type 'str'>
>>>

answer = raw_input("Type in a number: ")

something = raw_input()
answer = int(something)

answer = int(raw_input())

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first + last
WarrenSande

>>> first = 'Warren '

>>> print first + ' ' + last
Warren Sande

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first, last
Warren Sande

first = raw_input('enter your first name: ')
last = raw_input('enter your last name: ')
print 'Hello,', first, last, 'how are you today?'

 还可以使用一个逗号，如下：

370 Hello World!

Try it in a short program and see:

So raw_input() gives you a string.

2 To get raw_input() to print a prompt message, put some text in quotes inside the 
parentheses, like this:

3 To get an integer using raw_input(), use int() to convert the string you get from 
raw_input(). You can do it in two steps, like this:

Or you can do it in a single step, like this:

4 This is very similar to the previous question, except you use float() instead of int().

Try It Out
1 Your instructions in interactive 

mode should look something like this:

Oops! There’s no space. You can either 
add a space at the end of your first name,

or try this:

or you could just use a comma, like this:

2 The program should 
look something like this:

print "enter a number: ",
answer = raw_input()
print type(answer)

>>> ============== RESTART ==============
>>>
enter a number: 12
<type 'str'>
>>>

answer = raw_input("Type in a number: ")

something = raw_input()
answer = int(something)

answer = int(raw_input())

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first + last
WarrenSande

>>> first = 'Warren '

>>> print first + ' ' + last
Warren Sande

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first, last
Warren Sande

first = raw_input('enter your first name: ')
last = raw_input('enter your last name: ')
print 'Hello,', first, last, 'how are you today?'

2. 这个程序应当类似下面的代码：

370 Hello World!

Try it in a short program and see:

So raw_input() gives you a string.

2 To get raw_input() to print a prompt message, put some text in quotes inside the 
parentheses, like this:

3 To get an integer using raw_input(), use int() to convert the string you get from 
raw_input(). You can do it in two steps, like this:

Or you can do it in a single step, like this:

4 This is very similar to the previous question, except you use float() instead of int().

Try It Out
1 Your instructions in interactive 

mode should look something like this:

Oops! There’s no space. You can either 
add a space at the end of your first name,

or try this:

or you could just use a comma, like this:

2 The program should 
look something like this:

print "enter a number: ",
answer = raw_input()
print type(answer)

>>> ============== RESTART ==============
>>>
enter a number: 12
<type 'str'>
>>>

answer = raw_input("Type in a number: ")

something = raw_input()
answer = int(something)

answer = int(raw_input())

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first + last
WarrenSande

>>> first = 'Warren '

>>> print first + ' ' + last
Warren Sande

>>> first = 'Warren'
>>> last = 'Sande'
>>> print first, last
Warren Sande

first = raw_input('enter your first name: ')
last = raw_input('enter your last name: ')
print 'Hello,', first, last, 'how are you today?'
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3. 这个程序应当类似下面的代码：

371 Answers to Self-Test Questions

3 The program should look something like this:

4 You can just add a few lines to the program from #3 above:

5 The program should look like this:

Chapter 6: GUIs—Graphical User Interfaces
Test your knowledge

1 To bring up a message box 
with EasyGui, use msgbox(), like this:

2 To get a string as input using EasyGui, use an enterbox.

3 To get an integer as input, you can use an enterbox (which gets a string from the 
user), then convert it to an int. Or you can use an integerbox.

4 To get a float from the user, you can use an enterbox (which gives you a string), then 
use the float() function to convert the string to a float.

5 A default value is like an “automatic answer.” Here’s one way you might use a default: if 
you were writing a program where all the students in your class had to enter their 
name and address, you might have the name of the city where you live as the default 
city in the address. That way, the students wouldn’t have to type it in unless they lived 
in a different city. 

length = float(raw_input ('length of the room in feet: '))
width = float(raw_input ('width of the room in feet: '))
area = length * width
print 'The area is', area, 'square feet.'

length = float(raw_input ('length of the room in feet: '))
width = float(raw_input ('width of the room in feet: '))
cost_per_yard = float(raw_input ('cost per square yard: '))
area_feet = length * width
area_yards = area_feet / 9.0
total_cost = area_yards * cost_per_yard
print 'The area is', area_feet, 'square feet.'
print 'That is', area_yards, 'square yards.'
print 'Which will cost', total_cost

quarters = int(raw_input("How many quarters? "))
dimes = int(raw_input("How many dimes? "))
nickels = int(raw_input("How many nickels? "))
pennies = int(raw_input("How many pennies? "))
total  = 0.25 * quarters + 0.10 * dimes + 0.05 * nickels + 0.01 * pennies
print "You nave a total of: ", total

easygui.msgbox("This is the answer!")

4. 可以为上面第 3 题的程序增加几行代码：

371 Answers to Self-Test Questions

3 The program should look something like this:

4 You can just add a few lines to the program from #3 above:

5 The program should look like this:

Chapter 6: GUIs—Graphical User Interfaces
Test your knowledge

1 To bring up a message box 
with EasyGui, use msgbox(), like this:

2 To get a string as input using EasyGui, use an enterbox.

3 To get an integer as input, you can use an enterbox (which gets a string from the 
user), then convert it to an int. Or you can use an integerbox.

4 To get a float from the user, you can use an enterbox (which gives you a string), then 
use the float() function to convert the string to a float.

5 A default value is like an “automatic answer.” Here’s one way you might use a default: if 
you were writing a program where all the students in your class had to enter their 
name and address, you might have the name of the city where you live as the default 
city in the address. That way, the students wouldn’t have to type it in unless they lived 
in a different city. 

length = float(raw_input ('length of the room in feet: '))
width = float(raw_input ('width of the room in feet: '))
area = length * width
print 'The area is', area, 'square feet.'

length = float(raw_input ('length of the room in feet: '))
width = float(raw_input ('width of the room in feet: '))
cost_per_yard = float(raw_input ('cost per square yard: '))
area_feet = length * width
area_yards = area_feet / 9.0
total_cost = area_yards * cost_per_yard
print 'The area is', area_feet, 'square feet.'
print 'That is', area_yards, 'square yards.'
print 'Which will cost', total_cost

quarters = int(raw_input("How many quarters? "))
dimes = int(raw_input("How many dimes? "))
nickels = int(raw_input("How many nickels? "))
pennies = int(raw_input("How many pennies? "))
total  = 0.25 * quarters + 0.10 * dimes + 0.05 * nickels + 0.01 * pennies
print "You nave a total of: ", total

easygui.msgbox("This is the answer!")

5. 程序应该类似下面的代码：

quarters = int(raw_input("How many quarters? "))
dimes = int(raw_input("How many dimes? "))
nickels = int(raw_input("How many nickels? "))
pennies = int(raw_input("How many pennies? "))
total = 0.25 * quarters + 0.10 * dimes + 0.05 * nickels + 0.01 * pennies
print "You nave a total of: ", total

第 6 章

测试题

1. 要用 EasyGui 显示一个消息框，可以使用 msgbox()，如下：

 

371 Answers to Self-Test Questions

3 The program should look something like this:

4 You can just add a few lines to the program from #3 above:

5 The program should look like this:

Chapter 6: GUIs—Graphical User Interfaces
Test your knowledge

1 To bring up a message box 
with EasyGui, use msgbox(), like this:

2 To get a string as input using EasyGui, use an enterbox.

3 To get an integer as input, you can use an enterbox (which gets a string from the 
user), then convert it to an int. Or you can use an integerbox.

4 To get a float from the user, you can use an enterbox (which gives you a string), then 
use the float() function to convert the string to a float.

5 A default value is like an “automatic answer.” Here’s one way you might use a default: if 
you were writing a program where all the students in your class had to enter their 
name and address, you might have the name of the city where you live as the default 
city in the address. That way, the students wouldn’t have to type it in unless they lived 
in a different city. 

length = float(raw_input ('length of the room in feet: '))
width = float(raw_input ('width of the room in feet: '))
area = length * width
print 'The area is', area, 'square feet.'

length = float(raw_input ('length of the room in feet: '))
width = float(raw_input ('width of the room in feet: '))
cost_per_yard = float(raw_input ('cost per square yard: '))
area_feet = length * width
area_yards = area_feet / 9.0
total_cost = area_yards * cost_per_yard
print 'The area is', area_feet, 'square feet.'
print 'That is', area_yards, 'square yards.'
print 'Which will cost', total_cost

quarters = int(raw_input("How many quarters? "))
dimes = int(raw_input("How many dimes? "))
nickels = int(raw_input("How many nickels? "))
pennies = int(raw_input("How many pennies? "))
total  = 0.25 * quarters + 0.10 * dimes + 0.05 * nickels + 0.01 * pennies
print "You nave a total of: ", total

easygui.msgbox("This is the answer!")

2. 要用 EasyGui 得到一个字符串输入，要使用 enterbox。

3.  要得到整数输入，可以使用 enterbox（这会由用户得到一个字符串），然后

把它转换为 int。或者也可以直接使用 integerbox。

4.  要从用户那里得到浮点数，可以使用一个 enterbox（这会提供一个字符串），

然后使用 float()函数把这个字符串转换成一个浮点数。

5.  默认值就像“自动获得的答案”。以下是一种可能使用默认值的情况：你在

编写程序，你班里的所有学生都必须输入他们的名字和地址，你可以把你居

住的城市名作为地址中的默认城市。这样一来，学生们就不用再键入城市了
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（除非他们居住在其他城市）。

动手试一试

1. 以下是一个使用 EasyGui 的温度转换程序：

# tempgui1.py
# EasyGui version of temperature-conversion program
# converts Fahrenheit to Celsius
import easygui

easygui.msgbox('This program converts Fahrenheit to Celsius')
temperature = easygui.enterbox('Type in a temperature in Fahrenheit:')
Fahr = float(temperature)
Cel = (Fahr - 32) * 5.0 / 9
easygui.msgbox('That is ' + str(Cel) + ' degrees Celsius.')

2.  下面这个程序会询问你的名字以及地址的各个部分，然后显示完整的地址。

要理解这个程序，如果了解如何强制换行会很有帮助：换行会让后面的文本

从新的一行开始。为达到这个目的，需要使用 \n。这会在第 21 章解释，不

过下面先提前了解一下：

# address.py
# Enter parts of your address and display the whole thing
import easygui
name = easygui.enterbox("What is your name?")
addr = easygui.enterbox("What is your street address?")
city = easygui.enterbox("What is your city?")
state = easygui.enterbox("What is your state or province?")
code = easygui.enterbox("What is your postal code or zip code?")

whole_addr = name + "\n" + addr + "\n" + city + ", " + state + "\n" + code

easygui.msgbox(whole_addr, "Here is your address:")

第 7 章

测试题

1. 输出将是：

372 Hello World!

Try it out
1 Here is a temperature-conversion program using EasyGui:

2 Here is a program that asks for your name and the parts of your address and then dis-
plays the whole address. For this one, it helps to know a little tidbit that we will talk 
about in a later chapter: how to force a newline. A newline makes the following text 
start on a new line. To do this, you use \n. This is explained in chapter 21, but here is a 
preview:

Chapter 7: Decisions, Decisions
Test your knowledge

1 The output would be

Because my_number is less than 20, the test in the if statement is true, so the block fol-
lowing the if (in this case, just a single line) is executed.

2 The output would be

Because my_number is greater than 20, the test in the if statement is false, so the 
code in the block following the if is not executed. The code from the else block is 
executed instead.

# tempgui1.py
# EasyGui version of temperature-conversion program
# converts Fahrenheit to Celsius
import easygui

easygui.msgbox('This program converts Fahrenheit to Celsius')
temperature  = easygui.enterbox('Type in a temperature in Fahrenheit:')
Fahr = float(temperature)
Cel = (Fahr - 32) * 5.0 / 9
easygui.msgbox('That is ' + str(Cel) + ' degrees Celsius.')

# address.py
# Enter parts of your address and display the whole thing
import easygui
name = easygui.enterbox("What is your name?")
addr = easygui.enterbox("What is your street address?")
city = easygui.enterbox("What is your city?")
state = easygui.enterbox("What is your state or province?")
code = easygui.enterbox("What is your postal code or zip code?")

whole_addr  = name + "\n" + addr + "\n" + city + ", " + state + "\n" + 
code

easygui.msgbox(whole_addr, "Here is your address:")

Under 20

20 or over

因为 my_number小于 20， if语句中的测试为 true，所以会执行 if后面的块

（这里只有一行代码）。

2. 输出将是：

372 Hello World!

Try it out
1 Here is a temperature-conversion program using EasyGui:

2 Here is a program that asks for your name and the parts of your address and then dis-
plays the whole address. For this one, it helps to know a little tidbit that we will talk 
about in a later chapter: how to force a newline. A newline makes the following text 
start on a new line. To do this, you use \n. This is explained in chapter 21, but here is a 
preview:

Chapter 7: Decisions, Decisions
Test your knowledge

1 The output would be

Because my_number is less than 20, the test in the if statement is true, so the block fol-
lowing the if (in this case, just a single line) is executed.

2 The output would be

Because my_number is greater than 20, the test in the if statement is false, so the 
code in the block following the if is not executed. The code from the else block is 
executed instead.

# tempgui1.py
# EasyGui version of temperature-conversion program
# converts Fahrenheit to Celsius
import easygui

easygui.msgbox('This program converts Fahrenheit to Celsius')
temperature  = easygui.enterbox('Type in a temperature in Fahrenheit:')
Fahr = float(temperature)
Cel = (Fahr - 32) * 5.0 / 9
easygui.msgbox('That is ' + str(Cel) + ' degrees Celsius.')

# address.py
# Enter parts of your address and display the whole thing
import easygui
name = easygui.enterbox("What is your name?")
addr = easygui.enterbox("What is your street address?")
city = easygui.enterbox("What is your city?")
state = easygui.enterbox("What is your state or province?")
code = easygui.enterbox("What is your postal code or zip code?")

whole_addr  = name + "\n" + addr + "\n" + city + ", " + state + "\n" + 
code

easygui.msgbox(whole_addr, "Here is your address:")

Under 20

20 or over

因为 my_number大于 20，if语句中的测试为 false，所以 if后面的块代码

不会执行。相反，会执行 else块中的代码。
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3. 要查看一个数是否大于 30 但小于或等于 40，可以使用下面的代码：

 

373 Answers to Self-Test Questions

3 To check if a number is greater than 30, but less than or equal to 40, you would use 
something like this:

You could also do this:

4 To check for the letter “Q” in uppercase or lowercase, you could do something like 
this:

Notice that the string we printed uses double quotes, but there are single quotes 
inside it, around the “Q”. In case you were wondering how to print quote marks, that’s 
one way to do it: use the other kind of quote marks to enclose your string. 

Try it out
1 Here is one answer:

I didn’t worry about rounding the answer off to two decimal places (cents) or about 
displaying the dollar sign.

2 Here is one way to do it: 

# program to calculate store discount
# 10% off for $10 or less, 20% off for more than $10
item_price = float(raw_input ('enter the price of the item: '))
if item_price <= 10.0:
    discount = item_price * 0.10
else:
    discount = item_price * 0.20
final_price = item_price - discount
print 'You got ', discount, 'off, so your final price was', final_price

# program to check age and gender of soccer players
# accept girls who are 10 to 12 years old
gender = raw_input("Are you male or female? ('m' or 'f') ")
if gender  == 'f':
    age = int(raw_input('What is your age? '))
    if age >= 10 and age <= 12:
        print 'You can play on the team'
    else:
        print 'You are not the right age.'
else:
    print 'Only girls are allowed on this team.'

if number > 30  and  number <= 40:
    print 'The number is between 30 and 40'

if 30 < number <= 40:
    print "The number is between 30 and 40"

if answer == 'Q' or answer == 'q':
    print "you typed a 'Q' "

 你还可以这样做：

373 Answers to Self-Test Questions

3 To check if a number is greater than 30, but less than or equal to 40, you would use 
something like this:

You could also do this:

4 To check for the letter “Q” in uppercase or lowercase, you could do something like 
this:

Notice that the string we printed uses double quotes, but there are single quotes 
inside it, around the “Q”. In case you were wondering how to print quote marks, that’s 
one way to do it: use the other kind of quote marks to enclose your string. 

Try it out
1 Here is one answer:

I didn’t worry about rounding the answer off to two decimal places (cents) or about 
displaying the dollar sign.

2 Here is one way to do it: 

# program to calculate store discount
# 10% off for $10 or less, 20% off for more than $10
item_price = float(raw_input ('enter the price of the item: '))
if item_price <= 10.0:
    discount = item_price * 0.10
else:
    discount = item_price * 0.20
final_price = item_price - discount
print 'You got ', discount, 'off, so your final price was', final_price

# program to check age and gender of soccer players
# accept girls who are 10 to 12 years old
gender = raw_input("Are you male or female? ('m' or 'f') ")
if gender  == 'f':
    age = int(raw_input('What is your age? '))
    if age >= 10 and age <= 12:
        print 'You can play on the team'
    else:
        print 'You are not the right age.'
else:
    print 'Only girls are allowed on this team.'

if number > 30  and  number <= 40:
    print 'The number is between 30 and 40'

if 30 < number <= 40:
    print "The number is between 30 and 40"

if answer == 'Q' or answer == 'q':
    print "you typed a 'Q' "

4. 要检查字母“Q”是大写还是小写，可以这样做：

 

373 Answers to Self-Test Questions

3 To check if a number is greater than 30, but less than or equal to 40, you would use 
something like this:

You could also do this:

4 To check for the letter “Q” in uppercase or lowercase, you could do something like 
this:

Notice that the string we printed uses double quotes, but there are single quotes 
inside it, around the “Q”. In case you were wondering how to print quote marks, that’s 
one way to do it: use the other kind of quote marks to enclose your string. 

Try it out
1 Here is one answer:

I didn’t worry about rounding the answer off to two decimal places (cents) or about 
displaying the dollar sign.

2 Here is one way to do it: 

# program to calculate store discount
# 10% off for $10 or less, 20% off for more than $10
item_price = float(raw_input ('enter the price of the item: '))
if item_price <= 10.0:
    discount = item_price * 0.10
else:
    discount = item_price * 0.20
final_price = item_price - discount
print 'You got ', discount, 'off, so your final price was', final_price

# program to check age and gender of soccer players
# accept girls who are 10 to 12 years old
gender = raw_input("Are you male or female? ('m' or 'f') ")
if gender  == 'f':
    age = int(raw_input('What is your age? '))
    if age >= 10 and age <= 12:
        print 'You can play on the team'
    else:
        print 'You are not the right age.'
else:
    print 'Only girls are allowed on this team.'

if number > 30  and  number <= 40:
    print 'The number is between 30 and 40'

if 30 < number <= 40:
    print "The number is between 30 and 40"

if answer == 'Q' or answer == 'q':
    print "you typed a 'Q' "

注意，我们打印的字符串使用了双引号，不过其中的“Q”两边是单引号。如

果想知道如何打印引号，可以用另一种引号包围字符串。

动手试一试

1. 下面给出一个答案：

# program to calculate store discount
# 10% off for $10 or less, 20% off for more than $10
item_price = float(raw_input ('enter the price of the item: '))
if item_price <= 10.0:
    discount = item_price * 0.10
else:
    discount = item_price * 0.20
final_price = item_price - discount
print 'You got ', discount, 'off, so your final price was', final_price

 这里没有考虑把答案四舍五入为两位小数（美分），也没有显示美元符。

2. 以下给出一种做法：

373 Answers to Self-Test Questions

3 To check if a number is greater than 30, but less than or equal to 40, you would use 
something like this:

You could also do this:

4 To check for the letter “Q” in uppercase or lowercase, you could do something like 
this:

Notice that the string we printed uses double quotes, but there are single quotes 
inside it, around the “Q”. In case you were wondering how to print quote marks, that’s 
one way to do it: use the other kind of quote marks to enclose your string. 

Try it out
1 Here is one answer:

I didn’t worry about rounding the answer off to two decimal places (cents) or about 
displaying the dollar sign.

2 Here is one way to do it: 

# program to calculate store discount
# 10% off for $10 or less, 20% off for more than $10
item_price = float(raw_input ('enter the price of the item: '))
if item_price <= 10.0:
    discount = item_price * 0.10
else:
    discount = item_price * 0.20
final_price = item_price - discount
print 'You got ', discount, 'off, so your final price was', final_price

# program to check age and gender of soccer players
# accept girls who are 10 to 12 years old
gender = raw_input("Are you male or female? ('m' or 'f') ")
if gender  == 'f':
    age = int(raw_input('What is your age? '))
    if age >= 10 and age <= 12:
        print 'You can play on the team'
    else:
        print 'You are not the right age.'
else:
    print 'Only girls are allowed on this team.'

if number > 30  and  number <= 40:
    print 'The number is between 30 and 40'

if 30 < number <= 40:
    print "The number is between 30 and 40"

if answer == 'Q' or answer == 'q':
    print "you typed a 'Q' "
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3. 以下给出一个答案：

374 Hello World!

3 Here is one answer:

To add a 5-liter 
buffer, change the line,

                                      to

4 Here is a simple password program:

Chapter 8: Loop the Loop
Test your knowledge

1 The loop would run 5 times.

2 The loop would run 3 times, and the values would be as follows: i = 1, i = 3, i = 5.

3 range(1, 8) would give you [1, 2, 3, 4, 5, 6, 7].

4 range(8) would give you [0, 1, 2, 3, 4, 5, 6, 7].

5 range(2, 9, 2) would give you [2, 4, 6, 8].

6 range (10, 0, -2) would give you [10, 8, 6, 4, 2].

7 You use continue to stop the current iteration of a loop and jump ahead to the next 
iteration.

8 A while loop ends when the condition being tested is false.

# program to check if you need gas.
# Next station is 200 km away
tank_size = int(raw_input('How big is your tank (liters)? '))
full = int(raw_input ('How full is your tank (eg. 50 for half full)?'))
mileage = int(raw_input ('What is your gas mileage (km per liter)? '))
range = tank_size * (full / 100.0) * mileage
print 'You can go another', range, 'km.'
print 'The next gas station is 200km away.'
if range <= 200:
    print 'GET GAS NOW!'
else:
    print 'You can wait for the next station.'

password  = "bigsecret"
guess  = raw_input("Enter your password: ")
if guess == password:
    print "Password correct.  Welcome"
    # put the rest of the code for your program here
else:
    print "Password incorrect.  Goodbye"

range = tank_size * (full / 100.0) * mileage

range = (tank_size - 5) * (full / 100.0) * mileage

 要增加一个 5 公升的缓冲区，需要把这行代码：

 

374 Hello World!

3 Here is one answer:

To add a 5-liter 
buffer, change the line,

                                      to

4 Here is a simple password program:

Chapter 8: Loop the Loop
Test your knowledge

1 The loop would run 5 times.

2 The loop would run 3 times, and the values would be as follows: i = 1, i = 3, i = 5.

3 range(1, 8) would give you [1, 2, 3, 4, 5, 6, 7].

4 range(8) would give you [0, 1, 2, 3, 4, 5, 6, 7].

5 range(2, 9, 2) would give you [2, 4, 6, 8].

6 range (10, 0, -2) would give you [10, 8, 6, 4, 2].

7 You use continue to stop the current iteration of a loop and jump ahead to the next 
iteration.

8 A while loop ends when the condition being tested is false.

# program to check if you need gas.
# Next station is 200 km away
tank_size = int(raw_input('How big is your tank (liters)? '))
full = int(raw_input ('How full is your tank (eg. 50 for half full)?'))
mileage = int(raw_input ('What is your gas mileage (km per liter)? '))
range = tank_size * (full / 100.0) * mileage
print 'You can go another', range, 'km.'
print 'The next gas station is 200km away.'
if range <= 200:
    print 'GET GAS NOW!'
else:
    print 'You can wait for the next station.'

password  = "bigsecret"
guess  = raw_input("Enter your password: ")
if guess == password:
    print "Password correct.  Welcome"
    # put the rest of the code for your program here
else:
    print "Password incorrect.  Goodbye"

range = tank_size * (full / 100.0) * mileage

range = (tank_size - 5) * (full / 100.0) * mileage 改为：

374 Hello World!

3 Here is one answer:

To add a 5-liter 
buffer, change the line,

                                      to

4 Here is a simple password program:

Chapter 8: Loop the Loop
Test your knowledge

1 The loop would run 5 times.

2 The loop would run 3 times, and the values would be as follows: i = 1, i = 3, i = 5.

3 range(1, 8) would give you [1, 2, 3, 4, 5, 6, 7].

4 range(8) would give you [0, 1, 2, 3, 4, 5, 6, 7].

5 range(2, 9, 2) would give you [2, 4, 6, 8].

6 range (10, 0, -2) would give you [10, 8, 6, 4, 2].

7 You use continue to stop the current iteration of a loop and jump ahead to the next 
iteration.

8 A while loop ends when the condition being tested is false.

# program to check if you need gas.
# Next station is 200 km away
tank_size = int(raw_input('How big is your tank (liters)? '))
full = int(raw_input ('How full is your tank (eg. 50 for half full)?'))
mileage = int(raw_input ('What is your gas mileage (km per liter)? '))
range = tank_size * (full / 100.0) * mileage
print 'You can go another', range, 'km.'
print 'The next gas station is 200km away.'
if range <= 200:
    print 'GET GAS NOW!'
else:
    print 'You can wait for the next station.'

password  = "bigsecret"
guess  = raw_input("Enter your password: ")
if guess == password:
    print "Password correct.  Welcome"
    # put the rest of the code for your program here
else:
    print "Password incorrect.  Goodbye"

range = tank_size * (full / 100.0) * mileage

range = (tank_size - 5) * (full / 100.0) * mileage

4. 下面是一个简单的口令程序：

374 Hello World!

3 Here is one answer:

To add a 5-liter 
buffer, change the line,

                                      to

4 Here is a simple password program:

Chapter 8: Loop the Loop
Test your knowledge

1 The loop would run 5 times.

2 The loop would run 3 times, and the values would be as follows: i = 1, i = 3, i = 5.

3 range(1, 8) would give you [1, 2, 3, 4, 5, 6, 7].

4 range(8) would give you [0, 1, 2, 3, 4, 5, 6, 7].

5 range(2, 9, 2) would give you [2, 4, 6, 8].

6 range (10, 0, -2) would give you [10, 8, 6, 4, 2].

7 You use continue to stop the current iteration of a loop and jump ahead to the next 
iteration.

8 A while loop ends when the condition being tested is false.

# program to check if you need gas.
# Next station is 200 km away
tank_size = int(raw_input('How big is your tank (liters)? '))
full = int(raw_input ('How full is your tank (eg. 50 for half full)?'))
mileage = int(raw_input ('What is your gas mileage (km per liter)? '))
range = tank_size * (full / 100.0) * mileage
print 'You can go another', range, 'km.'
print 'The next gas station is 200km away.'
if range <= 200:
    print 'GET GAS NOW!'
else:
    print 'You can wait for the next station.'

password  = "bigsecret"
guess  = raw_input("Enter your password: ")
if guess == password:
    print "Password correct.  Welcome"
    # put the rest of the code for your program here
else:
    print "Password incorrect.  Goodbye"

range = tank_size * (full / 100.0) * mileage

range = (tank_size - 5) * (full / 100.0) * mileage

第 8 章

测试题

1. 这个循环会运行 5 次。

2. 这个循环会运行 3 次，i 的值分别是 i = 1, i = 3, i = 5。
3. range(1, 8) 会给出 [1, 2, 3, 4, 5, 6, 7]。
4. range(8) 会给出 [0, 1, 2, 3, 4, 5, 6, 7]。
5. range(2, 9, 2) 会给出 [2, 4, 6, 8]。

6. range (10, 0, -2) 会给出 [10, 8, 6, 4, 2]。

7. 可以使用 continue停止一个循环的当前迭代，直接跳到下一次迭代。

8. while循环会在测试的条件为 false时停止。
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动手试一试

1. 下面的程序使用一个 for循环打印用户选择的乘法表：

 

375 Answers to Self-Test Questions

Try it out
1 Here is a program to print a multiplication table of the user’s choice using a for loop:

2 Here is the same multiplication table using a while loop:

3 Here is the multiplication table with a user-defined range: 

Notice in the for line that the second thing in range() includes a variable, not just a 
number. We will learn more about that in chapter 11.

Chapter 9: Just for You—Comments
Try it out

1 Here’s a sample of some comments I would add to the temperature-conversion
 program:

# program to print multiplication table up to 10
number = int(raw_input('Which table would you like? '))
print 'Here is your table:'
for i in range(1, 11):
    print number, 'x', i, '=', number * i

# program to print mult table (while loop)
number = int(raw_input('Which table would you like? '))
print 'Here is your table:'
i = 1
while i <= 10:
    print number, 'times', i, '=', number * i
    i = i + 1

# program to print multiplication table
# user inputs how high they want it to go
number = int(raw_input('Which table would you like? '))
limit = int(raw_input('How high would you like it to go? 

'))
print 'Here is your table:'
for i in range(1, limit + 1):                                          

    print number, 'times', i, '=', number * i

# tempconv1.py
# program to convert a Fahrenheit temperature to Celsius
Fahr = 75
Cel = (Fahr – 32) * 5.0 / 9   #decimal division, not integer
print "Fahrenheit = ", Fahr, "Celsius = ", Cel

2. 下面的程序使用 while循环打印同一个乘法表：

 

375 Answers to Self-Test Questions

Try it out
1 Here is a program to print a multiplication table of the user’s choice using a for loop:

2 Here is the same multiplication table using a while loop:

3 Here is the multiplication table with a user-defined range: 

Notice in the for line that the second thing in range() includes a variable, not just a 
number. We will learn more about that in chapter 11.

Chapter 9: Just for You—Comments
Try it out

1 Here’s a sample of some comments I would add to the temperature-conversion
 program:

# program to print multiplication table up to 10
number = int(raw_input('Which table would you like? '))
print 'Here is your table:'
for i in range(1, 11):
    print number, 'x', i, '=', number * i

# program to print mult table (while loop)
number = int(raw_input('Which table would you like? '))
print 'Here is your table:'
i = 1
while i <= 10:
    print number, 'times', i, '=', number * i
    i = i + 1

# program to print multiplication table
# user inputs how high they want it to go
number = int(raw_input('Which table would you like? '))
limit = int(raw_input('How high would you like it to go? 

'))
print 'Here is your table:'
for i in range(1, limit + 1):                                          

    print number, 'times', i, '=', number * i

# tempconv1.py
# program to convert a Fahrenheit temperature to Celsius
Fahr = 75
Cel = (Fahr – 32) * 5.0 / 9   #decimal division, not integer
print "Fahrenheit = ", Fahr, "Celsius = ", Cel

3. 下面的程序会根据用户定义的范围打印乘法表：

 

# program to print multiplication table
# user inputs how high they want it to go
number = int(raw_input('Which table would you like? '))
limit = int(raw_input('How high would you like it to go? '))
print 'Here is your table:'
for i in range(1, limit + 1):                                          
    print number, 'times', i, '=', number * i

注意 for代码行中 range()的第二项包含一个变量，而不是一个数。我们将

在第 11 章介绍有关的更多内容。

第 9 章

动手试一试

1. 下面是我为温度转换程序增加的一些注释：

 

# tempconv1.py
# program to convert a Fahrenheit temperature to Celsius
Fahr = 75
Cel = (Fahr – 32) * 5.0 / 9   #decimal division, not integer
print “Fahrenheit = ”, Fahr, “ Celsius = ”, Cel" " " "
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第 10 章

动手试一试

你有没有试着键入这个程序并运行它？不要忘记把图片放在程序所在的同一个

文件夹中。

第 11 章

测试题

1. Python 中可以在 range()函数中放一个变量来建立可变循环，

 如下：

376 Hello World!

Chapter 10: Game Time
Try it out

1 Did you try typing in the program and running it? Don’t forget to put the graphics in 
the same folder as the program.

Chapter 11: Nested and Variable Loops
Test your knowledge

1 You can make a variable loop in Python by putting a variable in the range() function, 
like this:

or

2 To make a nested loop, put a loop 
in the body of another loop, like this:

This code will print “hi” 8 times on a line (the inner loop), and do 5 lines of that (the 
outer loop).

3 There will be 15 stars printed.

4 The output from the code will look like this:

5 For a four-level decision tree, there are 2**4 or 2 * 2 * 2 * 2 possible choices. That’s 16 
possible choices, or 16 paths through the tree.

Try it out
1 Here is a countdown timer program that asks the user where to start:

# Countdown timer asks the user where to start
import time
start = int(raw_input("Countdown timer:  How many seconds? ", ))
for i in range (start, 0, -1):
    print i
    time.sleep(1)
print "BLAST OFF!"

for i in range(numberOfLoops) 

for i in range(1, someNumber)

for i in range(5):
    for j in range(8):
        print "hi",
    print

* * *
* * *
* * *
* * *
* * * 

 或者：

376 Hello World!

Chapter 10: Game Time
Try it out

1 Did you try typing in the program and running it? Don’t forget to put the graphics in 
the same folder as the program.

Chapter 11: Nested and Variable Loops
Test your knowledge

1 You can make a variable loop in Python by putting a variable in the range() function, 
like this:

or

2 To make a nested loop, put a loop 
in the body of another loop, like this:

This code will print “hi” 8 times on a line (the inner loop), and do 5 lines of that (the 
outer loop).

3 There will be 15 stars printed.

4 The output from the code will look like this:

5 For a four-level decision tree, there are 2**4 or 2 * 2 * 2 * 2 possible choices. That’s 16 
possible choices, or 16 paths through the tree.

Try it out
1 Here is a countdown timer program that asks the user where to start:

# Countdown timer asks the user where to start
import time
start = int(raw_input("Countdown timer:  How many seconds? ", ))
for i in range (start, 0, -1):
    print i
    time.sleep(1)
print "BLAST OFF!"

for i in range(numberOfLoops) 

for i in range(1, someNumber)

for i in range(5):
    for j in range(8):
        print "hi",
    print

* * *
* * *
* * *
* * *
* * * 

2. 要建立嵌套循环，需要把一个循环放在另一个循环的循环体中，如下：

 

376 Hello World!

Chapter 10: Game Time
Try it out

1 Did you try typing in the program and running it? Don’t forget to put the graphics in 
the same folder as the program.

Chapter 11: Nested and Variable Loops
Test your knowledge

1 You can make a variable loop in Python by putting a variable in the range() function, 
like this:

or

2 To make a nested loop, put a loop 
in the body of another loop, like this:

This code will print “hi” 8 times on a line (the inner loop), and do 5 lines of that (the 
outer loop).

3 There will be 15 stars printed.

4 The output from the code will look like this:

5 For a four-level decision tree, there are 2**4 or 2 * 2 * 2 * 2 possible choices. That’s 16 
possible choices, or 16 paths through the tree.

Try it out
1 Here is a countdown timer program that asks the user where to start:

# Countdown timer asks the user where to start
import time
start = int(raw_input("Countdown timer:  How many seconds? ", ))
for i in range (start, 0, -1):
    print i
    time.sleep(1)
print "BLAST OFF!"

for i in range(numberOfLoops) 

for i in range(1, someNumber)

for i in range(5):
    for j in range(8):
        print "hi",
    print

* * *
* * *
* * *
* * *
* * * 

 这个代码会打印 5 行（外循环），每一行上打印 8 次 "hi"（内循环）。

3. 将会打印 15 个星号。

4. 这个代码的输出如下所示：

376 Hello World!

Chapter 10: Game Time
Try it out

1 Did you try typing in the program and running it? Don’t forget to put the graphics in 
the same folder as the program.

Chapter 11: Nested and Variable Loops
Test your knowledge

1 You can make a variable loop in Python by putting a variable in the range() function, 
like this:

or

2 To make a nested loop, put a loop 
in the body of another loop, like this:

This code will print “hi” 8 times on a line (the inner loop), and do 5 lines of that (the 
outer loop).

3 There will be 15 stars printed.

4 The output from the code will look like this:

5 For a four-level decision tree, there are 2**4 or 2 * 2 * 2 * 2 possible choices. That’s 16 
possible choices, or 16 paths through the tree.

Try it out
1 Here is a countdown timer program that asks the user where to start:

# Countdown timer asks the user where to start
import time
start = int(raw_input("Countdown timer:  How many seconds? ", ))
for i in range (start, 0, -1):
    print i
    time.sleep(1)
print "BLAST OFF!"

for i in range(numberOfLoops) 

for i in range(1, someNumber)

for i in range(5):
    for j in range(8):
        print "hi",
    print

* * *
* * *
* * *
* * *
* * * 

5.  对于 4 层的判定树，会有 2**4 或者 2 * 2 * 2 * 2 种可能的选择。也就是 16 种

可能的选择，或者决策树有 16 条路径。

动手试一试

1. 下面给出这个倒计时定时器程序，它会询问用户从哪里开始：

 

376 Hello World!

Chapter 10: Game Time
Try it out

1 Did you try typing in the program and running it? Don’t forget to put the graphics in 
the same folder as the program.

Chapter 11: Nested and Variable Loops
Test your knowledge

1 You can make a variable loop in Python by putting a variable in the range() function, 
like this:

or

2 To make a nested loop, put a loop 
in the body of another loop, like this:

This code will print “hi” 8 times on a line (the inner loop), and do 5 lines of that (the 
outer loop).

3 There will be 15 stars printed.

4 The output from the code will look like this:

5 For a four-level decision tree, there are 2**4 or 2 * 2 * 2 * 2 possible choices. That’s 16 
possible choices, or 16 paths through the tree.

Try it out
1 Here is a countdown timer program that asks the user where to start:

# Countdown timer asks the user where to start
import time
start = int(raw_input("Countdown timer:  How many seconds? ", ))
for i in range (start, 0, -1):
    print i
    time.sleep(1)
print "BLAST OFF!"

for i in range(numberOfLoops) 

for i in range(1, someNumber)

for i in range(5):
    for j in range(8):
        print "hi",
    print

* * *
* * *
* * *
* * *
* * * 
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2. 下面这个程序会在各个数旁边打印一行星号：

 

377 Answers to Self-Test Questions

2 Here is a version that prints a row of stars beside each number:

Chapter 12: Collecting Things Together—Lists
Test your knowledge

1 You can add something to a list using append(), insert(), or extend().

2 You can remove something from a list using remove(), pop(), or del().

3 To get a sorted copy of the list, you can do either of these:
� make a copy of the list, using slices: new_list = my_list[:], and then sort the new 

list: new_list.sort()
� use the sorted() function: new_list = sorted(my_list)

4 You find out whether a certain value is in a list by using the in keyword.

5 You find out the location of a value in a list by using the index() method.

6 A tuple is a collection that is like a list, except that you can’t change it. Tuples are 
immutable (unchangeable), while lists are mutable (changeable).

7 You can make a list of lists in several ways:
� by using nested square brackets: 

� by using append(), and appending a list:

# Countdown timer asks the user where to start
# and prints stars beside each number

import time
start = int(raw_input("Countdown timer:  How many seconds? ", ))
for i in range (start, 0, -1):
    print i,
    for star in range(i):
        print '*',
    print
    time.sleep(1)
print "BLAST OFF!"

my_list = [[1, 2, 3], ['a', 'b', 'c'], ['red', 'green', blue']]

>>> my_list = []
>>> my_list.append([1, 2, 3])
>>> my_list.append(['a', 'b', 'c'])
>>> my_list.append(['red', 'green', 'blue'])
>>> print my_list
[[1, 2, 3], ['a', 'b', 'c'], ['red', 'green', 'blue']]

第 12 章

测试题

1. 可以使用 append()、insert()或 extend()向列表增加元素。

2. 可以使用 remove()、pop()或 del()从列表删除元素。

3. 要得到列表的一个有序副本，可以采用下面任意一种做法：

 建立列表的副本，使用分片：�� new_list = my_list[:]，然后对新列表排

序：new_list.sort()

使用�� sorted()函数：new_list = sorted(my_list)

4. 使用 in关键字可以得出一个特定值是否在一个列表中。

5. 使用 index()方法可以得出一个值在列表中的位置。

6.  元组是一个与列表类似的集合，只不过元组不能改变。元组是不可改变的，

而列表是可改变的。

7. 可以采用多种方法建立一个双重列表。

使用嵌套的中括号：��

 >>> my_list = [[1, 2, 3],['a','b','c'],['red', 'green', blue']]

使用�� append()，并追加一个列表：

 

377 Answers to Self-Test Questions

2 Here is a version that prints a row of stars beside each number:

Chapter 12: Collecting Things Together—Lists
Test your knowledge

1 You can add something to a list using append(), insert(), or extend().

2 You can remove something from a list using remove(), pop(), or del().

3 To get a sorted copy of the list, you can do either of these:
� make a copy of the list, using slices: new_list = my_list[:], and then sort the new 

list: new_list.sort()
� use the sorted() function: new_list = sorted(my_list)

4 You find out whether a certain value is in a list by using the in keyword.

5 You find out the location of a value in a list by using the index() method.

6 A tuple is a collection that is like a list, except that you can’t change it. Tuples are 
immutable (unchangeable), while lists are mutable (changeable).

7 You can make a list of lists in several ways:
� by using nested square brackets: 

� by using append(), and appending a list:

# Countdown timer asks the user where to start
# and prints stars beside each number

import time
start = int(raw_input("Countdown timer:  How many seconds? ", ))
for i in range (start, 0, -1):
    print i,
    for star in range(i):
        print '*',
    print
    time.sleep(1)
print "BLAST OFF!"

my_list = [[1, 2, 3], ['a', 'b', 'c'], ['red', 'green', blue']]

>>> my_list = []
>>> my_list.append([1, 2, 3])
>>> my_list.append(['a', 'b', 'c'])
>>> my_list.append(['red', 'green', 'blue'])
>>> print my_list
[[1, 2, 3], ['a', 'b', 'c'], ['red', 'green', 'blue']]
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建立单个列表，再合并这些列表：��

 

>>> list1 = [1, 2, 3]

>>> list2 = ['a', 'b', 'c']

>>> list3 = ['red', 'green', 'blue']

>>> my_list = [list1, list2, list3]

>>> print my_list

[[1, 2, 3], ['a', 'b', 'c'], ['red', 'green', 'blue']]

8. 可以使用两个索引得到双重列表中的一个值：

 

378 Hello World!

� by making individual lists and then combining them:

8 You get a single value from a list of lists by using two indexes (or indices):

The answer would be 'green'.

Try it out
1 Here is a program that will get five names, put them in a list, and then print them out:

2 Here is a program that will print the original list and a sorted version:

3 Here is a program to print only the third name in the list:

4 Here is a program to allow the user to replace a name in the list:

list1 = [1, 2, 3]
list2 = ['a', 'b', 'c']
list3 = ['red', 'green', 'blue']
my_list = [list1, list2, list3]

my_list = [[1, 2, 3], ['a', 'b', 'c'], ['red', 'green', 'blue']]
my_color = my_list[2][1] 

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The names are:", nameList

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The names are:", nameList
print "The sorted names are:", sorted(nameList)

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The third name is:", nameList[2]

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

 这个答案是 'green'。

9. 字典是键值对的集合。

10. 你可以通过指定键和值的方式在字典中添加条目：

phone_numbers['John'] = '555-1234'

11. 要通过键在字典中查找一个条目，可以使用索引：

print phone_numbers['John']

动手试一试

1. 下面这个程序会得到 5 个名字，把它们放在一个列表中，然后打印出来：

 

378 Hello World!

� by making individual lists and then combining them:

8 You get a single value from a list of lists by using two indexes (or indices):

The answer would be 'green'.

Try it out
1 Here is a program that will get five names, put them in a list, and then print them out:

2 Here is a program that will print the original list and a sorted version:

3 Here is a program to print only the third name in the list:

4 Here is a program to allow the user to replace a name in the list:

list1 = [1, 2, 3]
list2 = ['a', 'b', 'c']
list3 = ['red', 'green', 'blue']
my_list = [list1, list2, list3]

my_list = [[1, 2, 3], ['a', 'b', 'c'], ['red', 'green', 'blue']]
my_color = my_list[2][1] 

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The names are:", nameList

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The names are:", nameList
print "The sorted names are:", sorted(nameList)

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The third name is:", nameList[2]

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

2. 下面这个程序会打印原来的列表和排序后的列表：

 

378 Hello World!

� by making individual lists and then combining them:

8 You get a single value from a list of lists by using two indexes (or indices):

The answer would be 'green'.

Try it out
1 Here is a program that will get five names, put them in a list, and then print them out:

2 Here is a program that will print the original list and a sorted version:

3 Here is a program to print only the third name in the list:

4 Here is a program to allow the user to replace a name in the list:

list1 = [1, 2, 3]
list2 = ['a', 'b', 'c']
list3 = ['red', 'green', 'blue']
my_list = [list1, list2, list3]

my_list = [[1, 2, 3], ['a', 'b', 'c'], ['red', 'green', 'blue']]
my_color = my_list[2][1] 

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The names are:", nameList

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The names are:", nameList
print "The sorted names are:", sorted(nameList)

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The third name is:", nameList[2]

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)
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3. 下面这个程序只打印列表中的第 3 个名字：

 

378 Hello World!

� by making individual lists and then combining them:

8 You get a single value from a list of lists by using two indexes (or indices):

The answer would be 'green'.

Try it out
1 Here is a program that will get five names, put them in a list, and then print them out:

2 Here is a program that will print the original list and a sorted version:

3 Here is a program to print only the third name in the list:

4 Here is a program to allow the user to replace a name in the list:

list1 = [1, 2, 3]
list2 = ['a', 'b', 'c']
list3 = ['red', 'green', 'blue']
my_list = [list1, list2, list3]

my_list = [[1, 2, 3], ['a', 'b', 'c'], ['red', 'green', 'blue']]
my_color = my_list[2][1] 

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The names are:", nameList

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The names are:", nameList
print "The sorted names are:", sorted(nameList)

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The third name is:", nameList[2]

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

4. 下面这个程序允许用户替换列表中的一个名字：

 

378 Hello World!

� by making individual lists and then combining them:

8 You get a single value from a list of lists by using two indexes (or indices):

The answer would be 'green'.

Try it out
1 Here is a program that will get five names, put them in a list, and then print them out:

2 Here is a program that will print the original list and a sorted version:

3 Here is a program to print only the third name in the list:

4 Here is a program to allow the user to replace a name in the list:

list1 = [1, 2, 3]
list2 = ['a', 'b', 'c']
list3 = ['red', 'green', 'blue']
my_list = [list1, list2, list3]

my_list = [[1, 2, 3], ['a', 'b', 'c'], ['red', 'green', 'blue']]
my_color = my_list[2][1] 

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The names are:", nameList

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The names are:", nameList
print "The sorted names are:", sorted(nameList)

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

print "The third name is:", nameList[2]

nameList = []
print "Enter 5 names (press the Enter key after each name):"
for i in range(5):
    name = raw_input()
    nameList.append(name)

379 Answers to Self-Test Questions

Chapter 13: Functions
Test your knowledge

1 You use the def keyword to create a function.

2 You call a function by using its name with parentheses.

3 You pass arguments to a function by putting the arguments in the parentheses when 
you call the function.

4 There is no limit to the number of arguments a function can have.

5 The function sends information back to the caller using the return keyword.

6 After a function is finished running, any local variables are destroyed.

Try it out
1 The function is just a bunch of print statements:

The program that calls it could look like this:

2 Here’s my example for printing addresses with seven arguments:

print "The names are:", nameList
print "Replace one name.  Which one? (1-5):",
replace = int(raw_input())
new = raw_input("New name: ")
nameList[replace - 1] = new
print "The names are:", nameList

def printMyNameBig():
    print "  CCCC       A       RRRRR  TTTTTTT  EEEEEE  RRRRR  "
    print " C    C     A A      R    R    T     E       R    R "
    print "C          A   A     R    R    T     EEEE    R    R "
    print "C         AAAAAAA    RRRRR     T     E       RRRRR  "
    print " C    C  A       A   R    R    T     E       R    R "
    print "  CCCC  A         A  R     R   T     EEEEEE  R     R"

# define a function with seven arguments 
def printAddr(name, num, str, city, prov, pcode, country): 
    print name 
    print num, 
    print str 
    print city, 
    if prov !="": 
        print ", "+prov 
    else: 
        print "" 
    print pcode 

for i in range(5):
    printMyNameBig()

5. 下面这个程序允许用户创建包含单词和对应定义的词典：

 

user_dictionary = {}

while 1:

    command = raw_input("'a' to add word,'l' to lookup a word,'q' to quit")

    if command == "a":

        word = raw_input("Type the word: ")

        definition = raw_input("Type the definition: ")

        user_dictionary[word] = definition

        print "Word added!"

    elif command == "l":

        word = raw_input("Type the word: ")

        if word in user_dictionary.keys():

            print user_dictionary[word]

        else:

            print "That word isn't in the dictionary yet."

    elif command == 'q':

        break   
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第 13 章

测试题

1. 使用 def关键字来创建一个函数。

2. 调用函数时要使用函数名和一对小括号。

3. 调用函数时把参数放在小括号里，就可以向这个函数传入参数。

4. 一个函数可以有任意多个参数，对此没有任何限制。

5. 函数使用 return关键字向调用者发回信息。

6. 函数完成运行后，所有局部变量都会撤销。

动手试一试

1. 这个函数只需要一组 print语句：

 

379 Answers to Self-Test Questions

Chapter 13: Functions
Test your knowledge

1 You use the def keyword to create a function.

2 You call a function by using its name with parentheses.

3 You pass arguments to a function by putting the arguments in the parentheses when 
you call the function.

4 There is no limit to the number of arguments a function can have.

5 The function sends information back to the caller using the return keyword.

6 After a function is finished running, any local variables are destroyed.

Try it out
1 The function is just a bunch of print statements:

The program that calls it could look like this:

2 Here’s my example for printing addresses with seven arguments:

print "The names are:", nameList
print "Replace one name.  Which one? (1-5):",
replace = int(raw_input())
new = raw_input("New name: ")
nameList[replace - 1] = new
print "The names are:", nameList

def printMyNameBig():
    print "  CCCC       A       RRRRR  TTTTTTT  EEEEEE  RRRRR  "
    print " C    C     A A      R    R    T     E       R    R "
    print "C          A   A     R    R    T     EEEE    R    R "
    print "C         AAAAAAA    RRRRR     T     E       RRRRR  "
    print " C    C  A       A   R    R    T     E       R    R "
    print "  CCCC  A         A  R     R   T     EEEEEE  R     R"

# define a function with seven arguments 
def printAddr(name, num, str, city, prov, pcode, country): 
    print name 
    print num, 
    print str 
    print city, 
    if prov !="": 
        print ", "+prov 
    else: 
        print "" 
    print pcode 

for i in range(5):
    printMyNameBig()

 调用这个函数的程序如下所示：

379 Answers to Self-Test Questions

Chapter 13: Functions
Test your knowledge

1 You use the def keyword to create a function.

2 You call a function by using its name with parentheses.

3 You pass arguments to a function by putting the arguments in the parentheses when 
you call the function.

4 There is no limit to the number of arguments a function can have.

5 The function sends information back to the caller using the return keyword.

6 After a function is finished running, any local variables are destroyed.

Try it out
1 The function is just a bunch of print statements:

The program that calls it could look like this:

2 Here’s my example for printing addresses with seven arguments:

print "The names are:", nameList
print "Replace one name.  Which one? (1-5):",
replace = int(raw_input())
new = raw_input("New name: ")
nameList[replace - 1] = new
print "The names are:", nameList

def printMyNameBig():
    print "  CCCC       A       RRRRR  TTTTTTT  EEEEEE  RRRRR  "
    print " C    C     A A      R    R    T     E       R    R "
    print "C          A   A     R    R    T     EEEE    R    R "
    print "C         AAAAAAA    RRRRR     T     E       RRRRR  "
    print " C    C  A       A   R    R    T     E       R    R "
    print "  CCCC  A         A  R     R   T     EEEEEE  R     R"

# define a function with seven arguments 
def printAddr(name, num, str, city, prov, pcode, country): 
    print name 
    print num, 
    print str 
    print city, 
    if prov !="": 
        print ", "+prov 
    else: 
        print "" 
    print pcode 

for i in range(5):
    printMyNameBig()

2. 下面给出我的做法，这里利用 7 个参数打印地址：

 

# define a function with seven arguments 

def printAddr(name, num, street, city, prov, pcode, country): 

    print name 

    print num, 

    print street

    print city, 

    if prov !="": 

        print ", "+prov 

    else: 

        print "" 

    print pcode

    print country 

    print 

 

#call the function and pass seven arguments to it 

printAddr("Sam", "45", "Main St.", "Ottawa", "ON", "K2M 2E9", "Canada")

printAddr("Jian", "64", "2nd Ave.", "Hong Kong", "", "235643", "China")

3. 没有具体答案，可以动手试一试。
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4. 合计零钱的函数应当如下所示：

380 Hello World!

3 No answer, just try it.

4 The function to add up change should look like this:

The program that calls it would look like this:

Chapter 14: Objects
Test your knowledge

1 To define a new object type, you use the class keyword.

2 Attributes are the “things you know” about an object. They are variables contained in 
an object.

3 Methods are the “actions” you can do to an object. They are functions contained in an 
object.

4 A class is just a definition or blueprint for an object. An instance is what you get when 
you make an object from the blueprint.

5 The name self is usually used as the instance reference in an object method.

6 Polymorphism is the ability to have two or more methods with the same name on dif-
ferent objects. The methods can behave differently depending on which object they 
belong to.

7 Inheritance is the ability for objects to acquire attributes and methods from their “par-
ents.” The “child” class (which is called a subclass or derived class) gets all the attri-
butes and methods of the parent and can also have attributes and methods that are 
not shared with the parent.

    print country 
    print 

#call the function and pass seven arguments to it 
printAddr("Sam", "45", "Main St.", "Ottawa", "ON", "K2M 2E9", "Canada")
printAddr("Jian", "64", "2nd Ave.", "Hong Kong", "", "235643", "China")

def addUpChange(quarters, dimes, nickels, pennies):
    total  = 0.25 * quarters + 0.10 * dimes + 0.05 * nickels + 0.01 * 

pennies
    return total

quarters = int(raw_input("quarters: "))
dimes = int(raw_input("dimes: "))
nickels = int(raw_input("nickels: "))
pennies = int(raw_input("pennies: "))

total  = addUpChange(quarters, dimes, nickels, pennies)

print "You have a total of: ", total

 调用它的程序可能如下所示：

 

380 Hello World!

3 No answer, just try it.

4 The function to add up change should look like this:

The program that calls it would look like this:

Chapter 14: Objects
Test your knowledge

1 To define a new object type, you use the class keyword.

2 Attributes are the “things you know” about an object. They are variables contained in 
an object.

3 Methods are the “actions” you can do to an object. They are functions contained in an 
object.

4 A class is just a definition or blueprint for an object. An instance is what you get when 
you make an object from the blueprint.

5 The name self is usually used as the instance reference in an object method.

6 Polymorphism is the ability to have two or more methods with the same name on dif-
ferent objects. The methods can behave differently depending on which object they 
belong to.

7 Inheritance is the ability for objects to acquire attributes and methods from their “par-
ents.” The “child” class (which is called a subclass or derived class) gets all the attri-
butes and methods of the parent and can also have attributes and methods that are 
not shared with the parent.

    print country 
    print 

#call the function and pass seven arguments to it 
printAddr("Sam", "45", "Main St.", "Ottawa", "ON", "K2M 2E9", "Canada")
printAddr("Jian", "64", "2nd Ave.", "Hong Kong", "", "235643", "China")

def addUpChange(quarters, dimes, nickels, pennies):
    total  = 0.25 * quarters + 0.10 * dimes + 0.05 * nickels + 0.01 * 

pennies
    return total

quarters = int(raw_input("quarters: "))
dimes = int(raw_input("dimes: "))
nickels = int(raw_input("nickels: "))
pennies = int(raw_input("pennies: "))

total  = addUpChange(quarters, dimes, nickels, pennies)

print "You have a total of: ", total

第 14 章

测试题

1. 要定义一个新的对象类型，需要使用 class关键字。

2. 属性是有关一个对象“你所知道的信息”，就是包含在对象中的变量。

3. 方法是可以对对象做的“动作”，就是包含在对象中的函数。

4. 类只是对象的定义或蓝图，从这个蓝图建立对象时得到的就是实例。

5. 在对象方法中通常用 self作为实例引用。

6.  多态是指不同对象可以有同名的两个或多个方法。这些方法可以根据它们所

属的对象有不同的行为。

7.  继承是指对象能够从它们的“双亲”（父类）得到属性和方法。“子”类（也

称为子类或派生类）会得到父类的所有属性和方法，还可以有父类所没有的

属性和方法。

动手试一试

1. 对应银行账户的类如下所示：

 

381 Answers to Self-Test Questions

Try it out
1 A class for a bank account might look like this:

And here’s some code to test it and 
make sure it is working:

2 To make an interest account, make a subclass of BankAccount, and create a method to 
add interest:

Here’s some 
code to test it:

class BankAccount:
    def __init__(self, acct_number, acct_name):
        self.acct_number = acct_number
        self.acct_name = acct_name
        self.balance = 0.0

    def displayBalance(self):
        print "The account balance is:", self.balance

    def deposit(self, amount):
        self.balance = self.balance + amount
        print "You deposited", amount
        print "The new balance is:", self.balance

    def withdraw(self, amount):
        if self.balance >= amount:
            self.balance = self.balance - amount
            print "You withdrew", amount
            print "The new balance is:", self.balance
        else:
            print "You tried to withdraw", amount
            print "The account balance is:", self.balance
            print "Withdrawal denied.  Not enough funds."

myAccount = BankAccount(234567, "Warren Sande")
print "Account name:", myAccount.acct_name
print "Account number:", myAccount.acct_number
myAccount.displayBalance()

myAccount.deposit(34.52)
myAccount.withdraw(12.25)
myAccount.withdraw(30.18)

class InterestAccount(BankAccount):
    def addInterest(self, rate):
        interest = self.balance * rate
        print "adding interest to the account,",rate * 

100,"percent"
        self.deposit (interest)

myAccount = InterestAccount(234567, "Warren Sande")
print "Account name:", myAccount.acct_name
print "Account number:", myAccount.acct_number
myAccount.displayBalance()
myAccount.deposit(34.52)
myAccount.addInterest(0.11)

pennies
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381 Answers to Self-Test Questions

Try it out
1 A class for a bank account might look like this:

And here’s some code to test it and 
make sure it is working:

2 To make an interest account, make a subclass of BankAccount, and create a method to 
add interest:

Here’s some 
code to test it:

class BankAccount:
    def __init__(self, acct_number, acct_name):
        self.acct_number = acct_number
        self.acct_name = acct_name
        self.balance = 0.0

    def displayBalance(self):
        print "The account balance is:", self.balance

    def deposit(self, amount):
        self.balance = self.balance + amount
        print "You deposited", amount
        print "The new balance is:", self.balance

    def withdraw(self, amount):
        if self.balance >= amount:
            self.balance = self.balance - amount
            print "You withdrew", amount
            print "The new balance is:", self.balance
        else:
            print "You tried to withdraw", amount
            print "The account balance is:", self.balance
            print "Withdrawal denied.  Not enough funds."

myAccount = BankAccount(234567, "Warren Sande")
print "Account name:", myAccount.acct_name
print "Account number:", myAccount.acct_number
myAccount.displayBalance()

myAccount.deposit(34.52)
myAccount.withdraw(12.25)
myAccount.withdraw(30.18)

class InterestAccount(BankAccount):
    def addInterest(self, rate):
        interest = self.balance * rate
        print "adding interest to the account,",rate * 

100,"percent"
        self.deposit (interest)

myAccount = InterestAccount(234567, "Warren Sande")
print "Account name:", myAccount.acct_name
print "Account number:", myAccount.acct_number
myAccount.displayBalance()
myAccount.deposit(34.52)
myAccount.addInterest(0.11)

 下面的代码用来测试这个类，确保它能正常工作：

 

381 Answers to Self-Test Questions

Try it out
1 A class for a bank account might look like this:

And here’s some code to test it and 
make sure it is working:

2 To make an interest account, make a subclass of BankAccount, and create a method to 
add interest:

Here’s some 
code to test it:

class BankAccount:
    def __init__(self, acct_number, acct_name):
        self.acct_number = acct_number
        self.acct_name = acct_name
        self.balance = 0.0

    def displayBalance(self):
        print "The account balance is:", self.balance

    def deposit(self, amount):
        self.balance = self.balance + amount
        print "You deposited", amount
        print "The new balance is:", self.balance

    def withdraw(self, amount):
        if self.balance >= amount:
            self.balance = self.balance - amount
            print "You withdrew", amount
            print "The new balance is:", self.balance
        else:
            print "You tried to withdraw", amount
            print "The account balance is:", self.balance
            print "Withdrawal denied.  Not enough funds."

myAccount = BankAccount(234567, "Warren Sande")
print "Account name:", myAccount.acct_name
print "Account number:", myAccount.acct_number
myAccount.displayBalance()

myAccount.deposit(34.52)
myAccount.withdraw(12.25)
myAccount.withdraw(30.18)

class InterestAccount(BankAccount):
    def addInterest(self, rate):
        interest = self.balance * rate
        print "adding interest to the account,",rate * 

100,"percent"
        self.deposit (interest)

myAccount = InterestAccount(234567, "Warren Sande")
print "Account name:", myAccount.acct_name
print "Account number:", myAccount.acct_number
myAccount.displayBalance()
myAccount.deposit(34.52)
myAccount.addInterest(0.11)

2.  要建立一个利息账户，需要建立一个 BankAccount子类，并创建一个方法来

增加利息：

 

class InterestAccount(BankAccount):

    def __init__(self, acct_number, acct_name, rate):

        BankAccount.__init__(self, acct_number, acct_name)

        self.rate = rate

    def addInterest (self):

        interest = self.balance * self.rate

        print"adding interest  to the account,",self.rate * 100, "percent"

        self.deposit (interest)

 下面是一些测试代码：

 

myAccount = InterestAccount(234567, "Warren Sande", 0.11)

print "Account name:", myAccount.acct_name

print "Account number:", myAccount.acct_number

myAccount.displayBalance()

myAccount.deposit(34.52)

myAccount.addInterest()
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第 15 章

测试题

1. 使用模块有下面这些好处：

可以只写一次代码，并在多个程序中使用；��

你可以使用其他人写的模块；��

代码文件会更小，所以更容易发现代码中的问题；��

可以只使用完成工作真正需要的部分（模块）。��

2. 要创建模块，需要编写一些 Python 代码并保存在文件中。

3. 想使用一个模块时，要用 import关键字导入。

4. 导入模块与导入命名空间是一样的。

5. 导入 time 模块从而能访问这个模块中的所有名字有两种方法，

 分别是：

382 Hello World!

Chapter 15: Modules
Test your knowledge

1 Some of the advantages of using modules are
� you can write some code once and use it in many programs.
� you can use modules that other people have written.
� your code files are smaller, so it’s easier to find things in your code.
� you can use only the parts (modules) you need to do the job.

2 You create a module by writing some Python code and saving it in a file. 

3 When you want to use a module, you use the import keyword.

4 Importing a module is the same as importing a namespace.

5 The two ways to import the time module so we have access to all the names in the 
module are

and

Try it out
1 To write a module, just put the code for your “big name” function in a file—something 

like bigname.py. Then, to import the module and call the function, do 
something like this:

or you could do this:

2 To bring c_to_f() into the main 
program’s namespace, you can do this:

or this:

3 A short program to print five random 
integers from 1 to 20 would look like this:

4 A short program that prints out a random decimal number every 3 seconds for 30 sec-
onds would look like this:

import time

from time import *

import bigname
bigname.printMyNameBig()

from bigname import *
printMyNameBig()

from my_module import c_to_f

from my_module import *

import random
for i in range(5):
    print random.randint(1, 20)

import random, time
for i in range(10):
    print random.random()
    time.sleep(3)

 和  

382 Hello World!

Chapter 15: Modules
Test your knowledge

1 Some of the advantages of using modules are
� you can write some code once and use it in many programs.
� you can use modules that other people have written.
� your code files are smaller, so it’s easier to find things in your code.
� you can use only the parts (modules) you need to do the job.

2 You create a module by writing some Python code and saving it in a file. 

3 When you want to use a module, you use the import keyword.

4 Importing a module is the same as importing a namespace.

5 The two ways to import the time module so we have access to all the names in the 
module are

and

Try it out
1 To write a module, just put the code for your “big name” function in a file—something 

like bigname.py. Then, to import the module and call the function, do 
something like this:

or you could do this:

2 To bring c_to_f() into the main 
program’s namespace, you can do this:

or this:

3 A short program to print five random 
integers from 1 to 20 would look like this:

4 A short program that prints out a random decimal number every 3 seconds for 30 sec-
onds would look like this:

import time

from time import *

import bigname
bigname.printMyNameBig()

from bigname import *
printMyNameBig()

from my_module import c_to_f

from my_module import *

import random
for i in range(5):
    print random.randint(1, 20)

import random, time
for i in range(10):
    print random.random()
    time.sleep(3)

动手试一试

1.  要编写一个模块，只需要把“用大写字母打印名字”函数中的代码放在一个

文件中，比如 bigname.py 文件。然后，要导入这个模块并调用函数，

 可以这样做：

382 Hello World!

Chapter 15: Modules
Test your knowledge

1 Some of the advantages of using modules are
� you can write some code once and use it in many programs.
� you can use modules that other people have written.
� your code files are smaller, so it’s easier to find things in your code.
� you can use only the parts (modules) you need to do the job.

2 You create a module by writing some Python code and saving it in a file. 

3 When you want to use a module, you use the import keyword.

4 Importing a module is the same as importing a namespace.

5 The two ways to import the time module so we have access to all the names in the 
module are

and

Try it out
1 To write a module, just put the code for your “big name” function in a file—something 

like bigname.py. Then, to import the module and call the function, do 
something like this:

or you could do this:

2 To bring c_to_f() into the main 
program’s namespace, you can do this:

or this:

3 A short program to print five random 
integers from 1 to 20 would look like this:

4 A short program that prints out a random decimal number every 3 seconds for 30 sec-
onds would look like this:

import time

from time import *

import bigname
bigname.printMyNameBig()

from bigname import *
printMyNameBig()

from my_module import c_to_f

from my_module import *

import random
for i in range(5):
    print random.randint(1, 20)

import random, time
for i in range(10):
    print random.random()
    time.sleep(3)

 也可以这样做：

382 Hello World!

Chapter 15: Modules
Test your knowledge

1 Some of the advantages of using modules are
� you can write some code once and use it in many programs.
� you can use modules that other people have written.
� your code files are smaller, so it’s easier to find things in your code.
� you can use only the parts (modules) you need to do the job.

2 You create a module by writing some Python code and saving it in a file. 

3 When you want to use a module, you use the import keyword.

4 Importing a module is the same as importing a namespace.

5 The two ways to import the time module so we have access to all the names in the 
module are

and

Try it out
1 To write a module, just put the code for your “big name” function in a file—something 

like bigname.py. Then, to import the module and call the function, do 
something like this:

or you could do this:

2 To bring c_to_f() into the main 
program’s namespace, you can do this:

or this:

3 A short program to print five random 
integers from 1 to 20 would look like this:

4 A short program that prints out a random decimal number every 3 seconds for 30 sec-
onds would look like this:

import time

from time import *

import bigname
bigname.printMyNameBig()

from bigname import *
printMyNameBig()

from my_module import c_to_f

from my_module import *

import random
for i in range(5):
    print random.randint(1, 20)

import random, time
for i in range(10):
    print random.random()
    time.sleep(3)

2. 要把 c_to_f()导入主程序的命名空间，可以这样做：

 

382 Hello World!

Chapter 15: Modules
Test your knowledge

1 Some of the advantages of using modules are
� you can write some code once and use it in many programs.
� you can use modules that other people have written.
� your code files are smaller, so it’s easier to find things in your code.
� you can use only the parts (modules) you need to do the job.

2 You create a module by writing some Python code and saving it in a file. 

3 When you want to use a module, you use the import keyword.

4 Importing a module is the same as importing a namespace.

5 The two ways to import the time module so we have access to all the names in the 
module are

and

Try it out
1 To write a module, just put the code for your “big name” function in a file—something 

like bigname.py. Then, to import the module and call the function, do 
something like this:

or you could do this:

2 To bring c_to_f() into the main 
program’s namespace, you can do this:

or this:

3 A short program to print five random 
integers from 1 to 20 would look like this:

4 A short program that prints out a random decimal number every 3 seconds for 30 sec-
onds would look like this:

import time

from time import *

import bigname
bigname.printMyNameBig()

from bigname import *
printMyNameBig()

from my_module import c_to_f

from my_module import *

import random
for i in range(5):
    print random.randint(1, 20)

import random, time
for i in range(10):
    print random.random()
    time.sleep(3)

 或者这样做：

382 Hello World!

Chapter 15: Modules
Test your knowledge

1 Some of the advantages of using modules are
� you can write some code once and use it in many programs.
� you can use modules that other people have written.
� your code files are smaller, so it’s easier to find things in your code.
� you can use only the parts (modules) you need to do the job.

2 You create a module by writing some Python code and saving it in a file. 

3 When you want to use a module, you use the import keyword.

4 Importing a module is the same as importing a namespace.

5 The two ways to import the time module so we have access to all the names in the 
module are

and

Try it out
1 To write a module, just put the code for your “big name” function in a file—something 

like bigname.py. Then, to import the module and call the function, do 
something like this:

or you could do this:

2 To bring c_to_f() into the main 
program’s namespace, you can do this:

or this:

3 A short program to print five random 
integers from 1 to 20 would look like this:

4 A short program that prints out a random decimal number every 3 seconds for 30 sec-
onds would look like this:

import time

from time import *

import bigname
bigname.printMyNameBig()

from bigname import *
printMyNameBig()

from my_module import c_to_f

from my_module import *

import random
for i in range(5):
    print random.randint(1, 20)

import random, time
for i in range(10):
    print random.random()
    time.sleep(3)

3. 下面这个小程序会打印从 1 到 20 的 5 个随机整数：

 

382 Hello World!

Chapter 15: Modules
Test your knowledge

1 Some of the advantages of using modules are
� you can write some code once and use it in many programs.
� you can use modules that other people have written.
� your code files are smaller, so it’s easier to find things in your code.
� you can use only the parts (modules) you need to do the job.

2 You create a module by writing some Python code and saving it in a file. 

3 When you want to use a module, you use the import keyword.

4 Importing a module is the same as importing a namespace.

5 The two ways to import the time module so we have access to all the names in the 
module are

and

Try it out
1 To write a module, just put the code for your “big name” function in a file—something 

like bigname.py. Then, to import the module and call the function, do 
something like this:

or you could do this:

2 To bring c_to_f() into the main 
program’s namespace, you can do this:

or this:

3 A short program to print five random 
integers from 1 to 20 would look like this:

4 A short program that prints out a random decimal number every 3 seconds for 30 sec-
onds would look like this:

import time

from time import *

import bigname
bigname.printMyNameBig()

from bigname import *
printMyNameBig()

from my_module import c_to_f

from my_module import *

import random
for i in range(5):
    print random.randint(1, 20)

import random, time
for i in range(10):
    print random.random()
    time.sleep(3)

4. 下面这个小程序会工作 30 秒，每 3 秒打印一个随机小数：

图灵社区会员 FreeLink 专享 尊重版权



418　　附录 C　自测题答案

 

382 Hello World!

Chapter 15: Modules
Test your knowledge

1 Some of the advantages of using modules are
� you can write some code once and use it in many programs.
� you can use modules that other people have written.
� your code files are smaller, so it’s easier to find things in your code.
� you can use only the parts (modules) you need to do the job.

2 You create a module by writing some Python code and saving it in a file. 

3 When you want to use a module, you use the import keyword.

4 Importing a module is the same as importing a namespace.

5 The two ways to import the time module so we have access to all the names in the 
module are

and

Try it out
1 To write a module, just put the code for your “big name” function in a file—something 

like bigname.py. Then, to import the module and call the function, do 
something like this:

or you could do this:

2 To bring c_to_f() into the main 
program’s namespace, you can do this:

or this:

3 A short program to print five random 
integers from 1 to 20 would look like this:

4 A short program that prints out a random decimal number every 3 seconds for 30 sec-
onds would look like this:

import time

from time import *

import bigname
bigname.printMyNameBig()

from bigname import *
printMyNameBig()

from my_module import c_to_f

from my_module import *

import random
for i in range(5):
    print random.randint(1, 20)

import random, time
for i in range(10):
    print random.random()
    time.sleep(3)

第 16 章

测试题

1. RGB 值 [255, 255, 255] 得到白色。

2. RGB 值 [0, 255, 0] 得到绿色；

3. 要画矩形，可以使用 Pygame 方法 pygame.draw.rect()；

4. 要画线把多个点连在一起（如连连看），可以使用 pygame.draw.lines()方法。

5. “像素”是“图像元素”的简写，表示屏幕上（或纸上）的一个点。

6. 在一个 Pygame 窗口中，位置 [0, 0] 位于左上角。

7. 在这个图中，位置 [50, 200] 位于字母 B。
8. 在这个图中，位置 [300, 50] 位于字母 D。

9. 可以使用 blit()方法在 Pygame 中复制图像。

10. 要移动一个图像或者完成动画，可以使用以下两个步骤：

从原来的位置擦除图像；��

在新位置上绘制图像。��

动手试一试

1.  下面的程序会在屏幕上画出一些不同的形状。也可以在 \answers 文件夹和网

站上找到 TIO_CH16_1.py。

 

import pygame, sys

pygame.init()

screen=pygame.display.set_mode((640, 480))

screen.fill((250, 120, 0))

pygame.draw.arc(screen,(255,255,0),pygame.rect.Rect(43,368,277,235),

-6.25, 0, 15)

pygame.draw.rect(screen,(255, 0, 0),pygame.rect.Rect(334,191,190,290))

pygame.draw.rect(screen,(128, 64, 0),pygame.rect.Rect(391,349,76,132))

pygame.draw.line(screen,(0, 255, 0),(268, 259),(438,84),25)

pygame.draw.line(screen,(0, 255, 0),(578, 259),(438,84),25)

pygame.draw.circle(screen, (0, 0, 0), (452, 409), 11, 2)

pygame.draw.polygon(screen, (0, 0, 255),[(39, 39), (44, 136), (59, 136),

(60,102),(92,102),(94,131),(107, 141), (111, 50), (97, 50), (93, 

86), (60, 82), (58, 38)], 5)

pygame.draw.rect(screen,(0,0,255), pygame.rect.Rect(143,90,23,63),5)

pygame.draw.circle(screen, (0, 0, 255), (153, 60), 15, 5)

clock = pygame.time.Clock()

pygame.display.flip()

running = True

while running:

    clock.tick(60)图灵社区会员 FreeLink 专享 尊重版权
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import pygame, sys

pygame.init()

screen=pygame.display.set_mode((640, 480))

screen.fill((250, 120, 0))

pygame.draw.arc(screen,(255,255,0),pygame.rect.Rect(43,368,277,235),

-6.25, 0, 15)

pygame.draw.rect(screen,(255, 0, 0),pygame.rect.Rect(334,191,190,290))

pygame.draw.rect(screen,(128, 64, 0),pygame.rect.Rect(391,349,76,132))

pygame.draw.line(screen,(0, 255, 0),(268, 259),(438,84),25)

pygame.draw.line(screen,(0, 255, 0),(578, 259),(438,84),25)

pygame.draw.circle(screen, (0, 0, 0), (452, 409), 11, 2)

pygame.draw.polygon(screen, (0, 0, 255),[(39, 39), (44, 136), (59, 136),

(60,102),(92,102),(94,131),(107, 141), (111, 50), (97, 50), (93, 

86), (60, 82), (58, 38)], 5)

pygame.draw.rect(screen,(0,0,255), pygame.rect.Rect(143,90,23,63),5)

pygame.draw.circle(screen, (0, 0, 255), (153, 60), 15, 5)

clock = pygame.time.Clock()

pygame.display.flip()

running = True

while running:

    clock.tick(60)
    for event in pygame.event.get():

        if event.type == pygame.QUIT:

            running = False

        elif event.type == pygame.KEYDOWN and event.key == pygame.K_ESCAPE:

            running = False

pygame.quit()

2. 要把沙滩球图像换成一个不同的图像，只需把这行代码中的文件名：

 

384 Hello World!

2 To replace the beach ball image with a different one, just replace the filename in this 
line 

with a different filename for a different graphic.

3 In listing 16.16, just change 

to something else, like

4 To make the ball bounce off an “invisible” wall, change the line in listing 16-16 
from

to this:

This just makes the ball reverse direction before it gets to the edge of the window. You 
can do the same thing for the “floor” with the y-coordinates.

5 Here’s what listing 16.6 looks like with the display.flip moved inside the while loop, 
and with a delay added:

You should be able to see each rectangle appear individually, because we have slowed 
down the program and we are now refreshing the display after each rectangle is 
drawn. If you do this to the sine wave programs, you can see each point in the sine 
wave being plotted.

while 1:
    clock.tick(60)
    for event in pygame.event.get():
        if event.type == pygame.QUIT:
            sys.exit()
        elif event.type == pygame.KEYDOWN and event.key == 

pygame.K_ESCAPE:
            sys.exit()

import pygame, sys, random
pygame.init()
screen = pygame.display.set_mode([640,480])
screen.fill([255, 255, 255])
for i in range (100):
    width = random.randint(0, 250)
    height = random.randint(0, 100)
    top = random.randint(0, 400)
    left = random.randint(0, 500)
    pygame.draw.rect(screen, [0,0,0], [left, top, width, height], 1)
    pygame.display.flip()
    pygame.time.delay(30)

my_ball = pygame.image.load('beach_ball.png')

x_speed = 10
y_speed = 10

x_speed = 20
y_speed = 8

if x > screen.get_width() - 90  or  x < 0:

if x > screen.get_width() - 250  or  x < 0:

 替换成另一个图片的文件名。

3. 在代码清单 16-16 中，只需把   

384 Hello World!

2 To replace the beach ball image with a different one, just replace the filename in this 
line 

with a different filename for a different graphic.

3 In listing 16.16, just change 

to something else, like

4 To make the ball bounce off an “invisible” wall, change the line in listing 16-16 
from

to this:

This just makes the ball reverse direction before it gets to the edge of the window. You 
can do the same thing for the “floor” with the y-coordinates.

5 Here’s what listing 16.6 looks like with the display.flip moved inside the while loop, 
and with a delay added:

You should be able to see each rectangle appear individually, because we have slowed 
down the program and we are now refreshing the display after each rectangle is 
drawn. If you do this to the sine wave programs, you can see each point in the sine 
wave being plotted.

while 1:
    clock.tick(60)
    for event in pygame.event.get():
        if event.type == pygame.QUIT:
            sys.exit()
        elif event.type == pygame.KEYDOWN and event.key == 

pygame.K_ESCAPE:
            sys.exit()

import pygame, sys, random
pygame.init()
screen = pygame.display.set_mode([640,480])
screen.fill([255, 255, 255])
for i in range (100):
    width = random.randint(0, 250)
    height = random.randint(0, 100)
    top = random.randint(0, 400)
    left = random.randint(0, 500)
    pygame.draw.rect(screen, [0,0,0], [left, top, width, height], 1)
    pygame.display.flip()
    pygame.time.delay(30)

my_ball = pygame.image.load('beach_ball.png')

x_speed = 10
y_speed = 10

x_speed = 20
y_speed = 8

if x > screen.get_width() - 90  or  x < 0:

if x > screen.get_width() - 250  or  x < 0:

 改为其他的值，如   

384 Hello World!

2 To replace the beach ball image with a different one, just replace the filename in this 
line 

with a different filename for a different graphic.

3 In listing 16.16, just change 

to something else, like

4 To make the ball bounce off an “invisible” wall, change the line in listing 16-16 
from

to this:

This just makes the ball reverse direction before it gets to the edge of the window. You 
can do the same thing for the “floor” with the y-coordinates.

5 Here’s what listing 16.6 looks like with the display.flip moved inside the while loop, 
and with a delay added:

You should be able to see each rectangle appear individually, because we have slowed 
down the program and we are now refreshing the display after each rectangle is 
drawn. If you do this to the sine wave programs, you can see each point in the sine 
wave being plotted.

while 1:
    clock.tick(60)
    for event in pygame.event.get():
        if event.type == pygame.QUIT:
            sys.exit()
        elif event.type == pygame.KEYDOWN and event.key == 

pygame.K_ESCAPE:
            sys.exit()

import pygame, sys, random
pygame.init()
screen = pygame.display.set_mode([640,480])
screen.fill([255, 255, 255])
for i in range (100):
    width = random.randint(0, 250)
    height = random.randint(0, 100)
    top = random.randint(0, 400)
    left = random.randint(0, 500)
    pygame.draw.rect(screen, [0,0,0], [left, top, width, height], 1)
    pygame.display.flip()
    pygame.time.delay(30)

my_ball = pygame.image.load('beach_ball.png')

x_speed = 10
y_speed = 10

x_speed = 20
y_speed = 8

if x > screen.get_width() - 90  or  x < 0:

if x > screen.get_width() - 250  or  x < 0:

4. 要让球在一面“隐形”的墙上反弹，可以把代码清单 16-16 中的这行代码

 

384 Hello World!

2 To replace the beach ball image with a different one, just replace the filename in this 
line 

with a different filename for a different graphic.

3 In listing 16.16, just change 

to something else, like

4 To make the ball bounce off an “invisible” wall, change the line in listing 16-16 
from

to this:

This just makes the ball reverse direction before it gets to the edge of the window. You 
can do the same thing for the “floor” with the y-coordinates.

5 Here’s what listing 16.6 looks like with the display.flip moved inside the while loop, 
and with a delay added:

You should be able to see each rectangle appear individually, because we have slowed 
down the program and we are now refreshing the display after each rectangle is 
drawn. If you do this to the sine wave programs, you can see each point in the sine 
wave being plotted.

while 1:
    clock.tick(60)
    for event in pygame.event.get():
        if event.type == pygame.QUIT:
            sys.exit()
        elif event.type == pygame.KEYDOWN and event.key == 

pygame.K_ESCAPE:
            sys.exit()

import pygame, sys, random
pygame.init()
screen = pygame.display.set_mode([640,480])
screen.fill([255, 255, 255])
for i in range (100):
    width = random.randint(0, 250)
    height = random.randint(0, 100)
    top = random.randint(0, 400)
    left = random.randint(0, 500)
    pygame.draw.rect(screen, [0,0,0], [left, top, width, height], 1)
    pygame.display.flip()
    pygame.time.delay(30)

my_ball = pygame.image.load('beach_ball.png')

x_speed = 10
y_speed = 10

x_speed = 20
y_speed = 8

if x > screen.get_width() - 90  or  x < 0:

if x > screen.get_width() - 250  or  x < 0: 改为：

384 Hello World!

2 To replace the beach ball image with a different one, just replace the filename in this 
line 

with a different filename for a different graphic.

3 In listing 16.16, just change 

to something else, like

4 To make the ball bounce off an “invisible” wall, change the line in listing 16-16 
from

to this:

This just makes the ball reverse direction before it gets to the edge of the window. You 
can do the same thing for the “floor” with the y-coordinates.

5 Here’s what listing 16.6 looks like with the display.flip moved inside the while loop, 
and with a delay added:

You should be able to see each rectangle appear individually, because we have slowed 
down the program and we are now refreshing the display after each rectangle is 
drawn. If you do this to the sine wave programs, you can see each point in the sine 
wave being plotted.

while 1:
    clock.tick(60)
    for event in pygame.event.get():
        if event.type == pygame.QUIT:
            sys.exit()
        elif event.type == pygame.KEYDOWN and event.key == 

pygame.K_ESCAPE:
            sys.exit()

import pygame, sys, random
pygame.init()
screen = pygame.display.set_mode([640,480])
screen.fill([255, 255, 255])
for i in range (100):
    width = random.randint(0, 250)
    height = random.randint(0, 100)
    top = random.randint(0, 400)
    left = random.randint(0, 500)
    pygame.draw.rect(screen, [0,0,0], [left, top, width, height], 1)
    pygame.display.flip()
    pygame.time.delay(30)

my_ball = pygame.image.load('beach_ball.png')

x_speed = 10
y_speed = 10

x_speed = 20
y_speed = 8

if x > screen.get_width() - 90  or  x < 0:

if x > screen.get_width() - 250  or  x < 0:

这会让球在到达窗口边界之前就反向。可以对 y 坐标做同样的处理，让它在

到达“地板”时也会反弹。

5.  将代码清单 16-6 中的 display.flip 移到 while循环内部，并增加一个延迟之后，

代码如下所示：

　　　

384 Hello World!

2 To replace the beach ball image with a different one, just replace the filename in this 
line 

with a different filename for a different graphic.

3 In listing 16.16, just change 

to something else, like

4 To make the ball bounce off an “invisible” wall, change the line in listing 16-16 
from

to this:

This just makes the ball reverse direction before it gets to the edge of the window. You 
can do the same thing for the “floor” with the y-coordinates.

5 Here’s what listing 16.6 looks like with the display.flip moved inside the while loop, 
and with a delay added:

You should be able to see each rectangle appear individually, because we have slowed 
down the program and we are now refreshing the display after each rectangle is 
drawn. If you do this to the sine wave programs, you can see each point in the sine 
wave being plotted.

while 1:
    clock.tick(60)
    for event in pygame.event.get():
        if event.type == pygame.QUIT:
            sys.exit()
        elif event.type == pygame.KEYDOWN and event.key == 

pygame.K_ESCAPE:
            sys.exit()

import pygame, sys, random
pygame.init()
screen = pygame.display.set_mode([640,480])
screen.fill([255, 255, 255])
for i in range (100):
    width = random.randint(0, 250)
    height = random.randint(0, 100)
    top = random.randint(0, 400)
    left = random.randint(0, 500)
    pygame.draw.rect(screen, [0,0,0], [left, top, width, height], 1)
    pygame.display.flip()
    pygame.time.delay(30)

my_ball = pygame.image.load('beach_ball.png')

x_speed = 10
y_speed = 10

x_speed = 20
y_speed = 8

if x > screen.get_width() - 90  or  x < 0:

if x > screen.get_width() - 250  or  x < 0:

应该能看到各个矩形会单独出现，因为我们放慢了程序的速度，现在画出各
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个矩形之后会刷新显示。如果对正弦曲线程序做这个处理，可以看到正弦曲线

中的各个点分别画出。

第 17 章

测试题

1. 矩形碰撞检测是指使用对象的一个外围矩形来检测两个图形对象是否接触或

重叠。

2.  像素完美碰撞检测是指使用图形对象的实际轮廓来完成碰撞检测。矩形碰撞

检测使用对象的外围矩形来确定碰撞。像素完美碰撞检测更准确更真实，不

过也需要写更多代码，另外还会让程序速度减慢。

3. 可以使用常规的 Python 列表或 Pygame 动画精灵组来跟踪多个精灵对象。

4.  代码中可以在各帧之间增加延迟来控制动画的速度（帧速率），或者使用

pygame.time.Clock得到某个帧速率。还可以改变每一帧将对象移动多远

（多少像素）。

5.  使用 delay方法不太准确，因为它没有考虑每一帧代码本身所花费的时间，

所以你不能准确地知道最终的帧速率。

6. 可以使用 pygame.time.Clock.get_fps()得到程序运行的帧速率。

第 18 章

测试题

1. 程序可以响应的两种事件分别是键盘事件和鼠标事件。

2. 处理事件的代码称为事件处理器。

3. Pygame 使用 KEYDOWN事件来检测按键是否按下。

4. pos属性会指出事件发生时鼠标所在的位置。

5. 要为用户事件得到下一个可用的事件编号，可以使用 pygame.NUMEVENTS。

6. 要创建一个定时器，可以使用 pygame.time.set_timer()。

7. 要在 Pygame 窗口中显示文本，可以使用 font对象。

8. 使用字体对象有 3 个步骤：

创建一个字体对象；��

渲染文本，创建一个表面；��

把这个表面块移到显示表面。��

动手试一试

1.  如果球没有碰到球拍的顶边，而是碰到了球拍的左右两边，为什么会有奇怪
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的表现？这是因为这里有一个碰撞，所以代码尝试让球的 y 方向反向（让它

向上而不是向下）。但是因为球是从两边（左边或右边）过来的，即使在反向

之后它仍会与球拍“碰撞”。下一次循环（一帧之后）时，它会再次反向，因

此会再次向下，如此继续。要解决这个问题，有一种简单的方法：当球与球

拍碰撞时总是将球设置为向“上”（y 速度是一个负值）。这不能算是一种完美

的解决办法，因为这意味着即使球碰到球拍左右两边也会向上反弹—这可

不太真实！不过这样能解决球在球拍两边来回反弹的问题。如果你想要一种

更真实的解决方案，可能需要多写一些代码。也许要增加一些内容，在“反

弹”之前检查球碰到了球拍的哪一边。

2.  我们已经在网站上给出了有关代码的一个例子，可以为程序增加随机性，见

TIO_CH18_2.py。

第 19 章

测试题

1.  存储声音的文件类型包括波形文件（.wav）、MP3（.mp3）、Ogg Vorbis 文件

（.ogg）和 Windows 媒体音频文件（.wma）。
2. pygame.mixer模块用来播放音乐。

3. 要用各个声音对象的 set_volume()方法设置 Pygame 声音对象的音量。

4. 使用 pygame.mixer.music.set_volume()设置背景音乐的音量。

5.  要让音乐淡出，可以使用 pygame.mixer.music.fadeout()方法。要提供

淡出时间（毫秒数，即千分之一秒）作为参数。例如 pygame.mixer.music.

fadeout(2000)会让声音在 2 秒内淡出。

动手试一试

我们已经在网站上提供了加入声音的猜数程序的代码，见 TIO_CH19_1.py。

第 20 章

测试题

1. GUI 图形元素有 3 个名字，分别是控件、部件和组件。

2. 要进入一个菜单，与 Alt 同时按下的字母叫做热键。

3. Qt Designer 文件要以 .ui 结尾。

4.  使用 PyQt 的 GUI 中可以包含以下组件类型：按钮、复选框、进度条、列表、

单选钮组、微调框、滑动条、文本域、图像、标签以及很多其他组件。查看

Qt Designer 的 Widget Box，可以看到全部组件类型。
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5. 要让组件完成某项工作，需要一个事件处理器。

6. 在 Qt Designer 中要使用 &（与字符）定义热键。

7. Qt Designer 中微调框的内容总是一个整数。

动手试一试

1.  我们已经在网站上给出了使用 Qt Designer 完成的猜数程序，见 TIO_CH20_1.py
和 TIO_CH20_1.rsrc.ui。

2.  要解决这个微调框问题，需要在 Qt Designer 中选择微调组件。在属性编辑器

中改变 minimum和 maximum属性。minimum属性应当取一个很小的值，比

如 –10x00，maximum可以非常大，比如 1000000。

第 21 章

测试题

1.  如果有两个单独的 print语句，而且希望所有内容都打印在同一行上，可以

在第一个 print语句的末尾加一个逗号，如下：

387 Answers to Self-Test Questions

3 PythonCard resource files need to end in .rsrc.py.

4 Types of components you can include in a GUI using PythonCard include button, 
checkbox, gauge, list, radio group, spinner, slider, text field, image, static text, and 
several others. See the Component menu of Resource Editor to view the whole list.

5 To make a component do something, it needs to have an event handler.

6 The & (ampersand) character is used to define a hot key in the PythonCard Menu 
Editor.

7 The content of a spinner in PythonCard is always an integer.

Try it out
1 A version of the number-guessing program using PythonCard is posted on the web 

site as TIO_CH20_1.py and TIO_CH20_1.rsrc.py.

2 To fix the spinner problem, select the spinner component in Resource Editor. In the 
Property Editor, change the min and max properties. The min property should be some-
thing like -1000, and the max can be something very large like 1000000.

Chapter 21: Print Formatting and Strings
Test your knowledge

1 If you have two separate print statements, and you want everything to print on the 
same line, put a comma at the end 
of the first print statement, like this:

2 To add extra blank lines when you print something, you can either add extra print 
statements with nothing in them, like this:

or you can print newline characters, \n, like this:

3 To line things up in columns, use the tab character, \t.

4 To make a number print in E-notation, 
use the format string %e or %E, like this:

print "What is",
print "your name?"

print "Hello"
print
print
print
print "World"

print "Hello\n\n\nWorld"

>>> number = 12.3456
>>> print '%e' % number
1.234560e+001

2.  打印时要增加额外的空行，可以另外增加 print语句（其中不含任何内容），

如下：

387 Answers to Self-Test Questions

3 PythonCard resource files need to end in .rsrc.py.

4 Types of components you can include in a GUI using PythonCard include button, 
checkbox, gauge, list, radio group, spinner, slider, text field, image, static text, and 
several others. See the Component menu of Resource Editor to view the whole list.

5 To make a component do something, it needs to have an event handler.

6 The & (ampersand) character is used to define a hot key in the PythonCard Menu 
Editor.

7 The content of a spinner in PythonCard is always an integer.

Try it out
1 A version of the number-guessing program using PythonCard is posted on the web 

site as TIO_CH20_1.py and TIO_CH20_1.rsrc.py.

2 To fix the spinner problem, select the spinner component in Resource Editor. In the 
Property Editor, change the min and max properties. The min property should be some-
thing like -1000, and the max can be something very large like 1000000.

Chapter 21: Print Formatting and Strings
Test your knowledge

1 If you have two separate print statements, and you want everything to print on the 
same line, put a comma at the end 
of the first print statement, like this:

2 To add extra blank lines when you print something, you can either add extra print 
statements with nothing in them, like this:

or you can print newline characters, \n, like this:

3 To line things up in columns, use the tab character, \t.

4 To make a number print in E-notation, 
use the format string %e or %E, like this:

print "What is",
print "your name?"

print "Hello"
print
print
print
print "World"

print "Hello\n\n\nWorld"

>>> number = 12.3456
>>> print '%e' % number
1.234560e+001

 

 也可以打印换行符 \n，如下：

387 Answers to Self-Test Questions

3 PythonCard resource files need to end in .rsrc.py.

4 Types of components you can include in a GUI using PythonCard include button, 
checkbox, gauge, list, radio group, spinner, slider, text field, image, static text, and 
several others. See the Component menu of Resource Editor to view the whole list.

5 To make a component do something, it needs to have an event handler.

6 The & (ampersand) character is used to define a hot key in the PythonCard Menu 
Editor.

7 The content of a spinner in PythonCard is always an integer.

Try it out
1 A version of the number-guessing program using PythonCard is posted on the web 

site as TIO_CH20_1.py and TIO_CH20_1.rsrc.py.

2 To fix the spinner problem, select the spinner component in Resource Editor. In the 
Property Editor, change the min and max properties. The min property should be some-
thing like -1000, and the max can be something very large like 1000000.

Chapter 21: Print Formatting and Strings
Test your knowledge

1 If you have two separate print statements, and you want everything to print on the 
same line, put a comma at the end 
of the first print statement, like this:

2 To add extra blank lines when you print something, you can either add extra print 
statements with nothing in them, like this:

or you can print newline characters, \n, like this:

3 To line things up in columns, use the tab character, \t.

4 To make a number print in E-notation, 
use the format string %e or %E, like this:

print "What is",
print "your name?"

print "Hello"
print
print
print
print "World"

print "Hello\n\n\nWorld"

>>> number = 12.3456
>>> print '%e' % number
1.234560e+001

3. 要让内容按列对齐，可以使用制表符 \t。

4. 要用 E 记法打印一个数，需要使用格式字符串 %e或 %E，如下：

 

387 Answers to Self-Test Questions

3 PythonCard resource files need to end in .rsrc.py.

4 Types of components you can include in a GUI using PythonCard include button, 
checkbox, gauge, list, radio group, spinner, slider, text field, image, static text, and 
several others. See the Component menu of Resource Editor to view the whole list.

5 To make a component do something, it needs to have an event handler.

6 The & (ampersand) character is used to define a hot key in the PythonCard Menu 
Editor.

7 The content of a spinner in PythonCard is always an integer.

Try it out
1 A version of the number-guessing program using PythonCard is posted on the web 

site as TIO_CH20_1.py and TIO_CH20_1.rsrc.py.

2 To fix the spinner problem, select the spinner component in Resource Editor. In the 
Property Editor, change the min and max properties. The min property should be some-
thing like -1000, and the max can be something very large like 1000000.

Chapter 21: Print Formatting and Strings
Test your knowledge

1 If you have two separate print statements, and you want everything to print on the 
same line, put a comma at the end 
of the first print statement, like this:

2 To add extra blank lines when you print something, you can either add extra print 
statements with nothing in them, like this:

or you can print newline characters, \n, like this:

3 To line things up in columns, use the tab character, \t.

4 To make a number print in E-notation, 
use the format string %e or %E, like this:

print "What is",
print "your name?"

print "Hello"
print
print
print
print "World"

print "Hello\n\n\nWorld"

>>> number = 12.3456
>>> print '%e' % number
1.234560e+001

动手试一试

1. 这种程序应该像这样：
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388 Hello World!

Try it out
1 The program would look like this:

2 The code to line up the times table using tabs would look like this:

Notice the \t in front of the word times and after the = sign.

3 Here is a program to 
print the fractions of 8:

The first part, print str(i) + '/8 =, prints the fraction. The last part, %.3f' % frac-
tion, prints the decimal number with 3 decimal places.

Chapter 22: File Input and Output
Test your knowledge

1 The kind of object in Python that’s used to work with files is called a file object.

2 You create a file object by using the open() function, which is one of Python’s built-in 
functions.

3 A filename is the name used to store the file on the disk (or on other storage, like a 
flash drive). A file object is the thing used to work with files in Python. The name of the 
file object does not have to be the same as the filename on the disk.

4 When a program is done reading or writing a file, the program should close the file.

5 If you open a file in append mode and write something to it, the information you write 
gets added (appended) to the end of the file.

6 If you open a file in write mode and then write something to the file, everything that 
was in the file is lost and is replaced with the new data.

7 To reset the read point of a file back to the beginning, use the seek() method, with an 
argument of 0, like this:

name = raw_input("What is your name? ")
age = int(raw_input("How old are you? "))
color = raw_input("What is your favorite color? ")

print "Your name is", name,
print "you are ", age, "years old,",
print "and you like the color", color

for looper in range(1, 11):
    print looper, "\ttimes 8 =\t", looper * 8

for i in range(1, 9):
    fraction = i / 8.0
    print str(i) + '/8 = %.3f' % fraction

myFile.seek(0)

2. 使用制表符让乘法表对齐的代码如下：

 

388 Hello World!

Try it out
1 The program would look like this:

2 The code to line up the times table using tabs would look like this:

Notice the \t in front of the word times and after the = sign.

3 Here is a program to 
print the fractions of 8:

The first part, print str(i) + '/8 =, prints the fraction. The last part, %.3f' % frac-
tion, prints the decimal number with 3 decimal places.

Chapter 22: File Input and Output
Test your knowledge

1 The kind of object in Python that’s used to work with files is called a file object.

2 You create a file object by using the open() function, which is one of Python’s built-in 
functions.

3 A filename is the name used to store the file on the disk (or on other storage, like a 
flash drive). A file object is the thing used to work with files in Python. The name of the 
file object does not have to be the same as the filename on the disk.

4 When a program is done reading or writing a file, the program should close the file.

5 If you open a file in append mode and write something to it, the information you write 
gets added (appended) to the end of the file.

6 If you open a file in write mode and then write something to the file, everything that 
was in the file is lost and is replaced with the new data.

7 To reset the read point of a file back to the beginning, use the seek() method, with an 
argument of 0, like this:

name = raw_input("What is your name? ")
age = int(raw_input("How old are you? "))
color = raw_input("What is your favorite color? ")

print "Your name is", name,
print "you are ", age, "years old,",
print "and you like the color", color

for looper in range(1, 11):
    print looper, "\ttimes 8 =\t", looper * 8

for i in range(1, 9):
    fraction = i / 8.0
    print str(i) + '/8 = %.3f' % fraction

myFile.seek(0)

注意单词 times前面和 =号后面的 \t。

3. 下面的程序会打印 8 的各个分数：

 

388 Hello World!

Try it out
1 The program would look like this:

2 The code to line up the times table using tabs would look like this:

Notice the \t in front of the word times and after the = sign.

3 Here is a program to 
print the fractions of 8:

The first part, print str(i) + '/8 =, prints the fraction. The last part, %.3f' % frac-
tion, prints the decimal number with 3 decimal places.

Chapter 22: File Input and Output
Test your knowledge

1 The kind of object in Python that’s used to work with files is called a file object.

2 You create a file object by using the open() function, which is one of Python’s built-in 
functions.

3 A filename is the name used to store the file on the disk (or on other storage, like a 
flash drive). A file object is the thing used to work with files in Python. The name of the 
file object does not have to be the same as the filename on the disk.

4 When a program is done reading or writing a file, the program should close the file.

5 If you open a file in append mode and write something to it, the information you write 
gets added (appended) to the end of the file.

6 If you open a file in write mode and then write something to the file, everything that 
was in the file is lost and is replaced with the new data.

7 To reset the read point of a file back to the beginning, use the seek() method, with an 
argument of 0, like this:

name = raw_input("What is your name? ")
age = int(raw_input("How old are you? "))
color = raw_input("What is your favorite color? ")

print "Your name is", name,
print "you are ", age, "years old,",
print "and you like the color", color

for looper in range(1, 11):
    print looper, "\ttimes 8 =\t", looper * 8

for i in range(1, 9):
    fraction = i / 8.0
    print str(i) + '/8 = %.3f' % fraction

myFile.seek(0)

第一部分 print str(i) + '/8 =打印分数。最后一部分 %.3f' % fraction,

打印小数结果（带 3 个小数位）。

第 22 章

测试题

1. Python 中用来处理文件的对象称为文件对象。

2. 要使用 open()函数创建文件对象，这是 Python 的内置函数之一。

3.  文件名是磁盘上（或其他存储介质，如 flash 盘）存储文件时使用的名字。

Python 中处理文件时要使用文件对象。文件对象名与磁盘上的文件名不必

相同。

4. 程序完成文件的读写后，应当关闭文件。

5.  如果以追加模式打开一个文件，并在文件中写入内容，你写入的信息会增加

（追加）到文件末尾。

6.  如果以写模式打开一个文件，然后在文件中写入内容，文件中原来的所有内

容都会丢失，替换为新的数据。

7.  要重置为从文件起始位置开始读，可以使用 seek() 方法，并传入参数 0，
如下：

388 Hello World!

Try it out
1 The program would look like this:

2 The code to line up the times table using tabs would look like this:

Notice the \t in front of the word times and after the = sign.

3 Here is a program to 
print the fractions of 8:

The first part, print str(i) + '/8 =, prints the fraction. The last part, %.3f' % frac-
tion, prints the decimal number with 3 decimal places.

Chapter 22: File Input and Output
Test your knowledge

1 The kind of object in Python that’s used to work with files is called a file object.

2 You create a file object by using the open() function, which is one of Python’s built-in 
functions.

3 A filename is the name used to store the file on the disk (or on other storage, like a 
flash drive). A file object is the thing used to work with files in Python. The name of the 
file object does not have to be the same as the filename on the disk.

4 When a program is done reading or writing a file, the program should close the file.

5 If you open a file in append mode and write something to it, the information you write 
gets added (appended) to the end of the file.

6 If you open a file in write mode and then write something to the file, everything that 
was in the file is lost and is replaced with the new data.

7 To reset the read point of a file back to the beginning, use the seek() method, with an 
argument of 0, like this:

name = raw_input("What is your name? ")
age = int(raw_input("How old are you? "))
color = raw_input("What is your favorite color? ")

print "Your name is", name,
print "you are ", age, "years old,",
print "and you like the color", color

for looper in range(1, 11):
    print looper, "\ttimes 8 =\t", looper * 8

for i in range(1, 9):
    fraction = i / 8.0
    print str(i) + '/8 = %.3f' % fraction

myFile.seek(0)

8.  使用 pickle把 Python 对象保存到文件时，可以使用 pickle.dump()方法，
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并指定希望保存的对象以及文件名作为参数，如下：

 

389 Answers to Self-Test Questions

8 To save a Python object to a file using pickle, you use the pickle.dump() method, with 
the object you want to save and the filename as arguments, like this:

9 To unpickle or retrieve an object from a pickle file, use the pickle.load() method, 
with the pickle file as 
an argument, like this:

Try it out
1 Here is a simple program to create silly sentences:

The word files should just be lists of words separated by commas.

2 Here is a program that saves some data in a text file:

pickle.dump(myObject, "my_pickle_file.pkl")

import random

noun_file = open("nouns.txt", 'r')
nouns = noun_file.readline()
noun_list = nouns.split(',')
noun_file.close()

adj_file = open("adjectives.txt", 'r')
adjectives = adj_file.readline()
adj_list = adjectives.split(',')
adj_file.close()

verb_file = open("verbs.txt", 'r')
verbs = verb_file.readline()
verb_list = verbs.split(',')
verb_file.close()

adverb_file = open("adverbs.txt", 'r')
adverbs = adverb_file.readline()
adverb_list = adverbs.split(',')
adverb_file.close()

noun = random.choice(noun_list)
adj = random.choice(adj_list)
verb = random.choice(verb_list)
adverb = random.choice(adverb_list)

print"The", adj, noun, verb, adverb + '.'

name = raw_input("Enter your name: ")
age = raw_input("Enter your age: ")
color = raw_input("Enter your favorite color: ")
food = raw_input("Enter your favorite food: ")

my_data = open("my_data_file.txt", 'w')

myObject = pickle.load("my_pickle_file.pkl")

9.  要从 pickle 文件还原或获取对象，可以使用 pickle.load()方法，指定

pickle 文件作为参数，如下：

 

389 Answers to Self-Test Questions

8 To save a Python object to a file using pickle, you use the pickle.dump() method, with 
the object you want to save and the filename as arguments, like this:

9 To unpickle or retrieve an object from a pickle file, use the pickle.load() method, 
with the pickle file as 
an argument, like this:

Try it out
1 Here is a simple program to create silly sentences:

The word files should just be lists of words separated by commas.

2 Here is a program that saves some data in a text file:

pickle.dump(myObject, "my_pickle_file.pkl")

import random

noun_file = open("nouns.txt", 'r')
nouns = noun_file.readline()
noun_list = nouns.split(',')
noun_file.close()

adj_file = open("adjectives.txt", 'r')
adjectives = adj_file.readline()
adj_list = adjectives.split(',')
adj_file.close()

verb_file = open("verbs.txt", 'r')
verbs = verb_file.readline()
verb_list = verbs.split(',')
verb_file.close()

adverb_file = open("adverbs.txt", 'r')
adverbs = adverb_file.readline()
adverb_list = adverbs.split(',')
adverb_file.close()

noun = random.choice(noun_list)
adj = random.choice(adj_list)
verb = random.choice(verb_list)
adverb = random.choice(adverb_list)

print"The", adj, noun, verb, adverb + '.'

name = raw_input("Enter your name: ")
age = raw_input("Enter your age: ")
color = raw_input("Enter your favorite color: ")
food = raw_input("Enter your favorite food: ")

my_data = open("my_data_file.txt", 'w')

myObject = pickle.load("my_pickle_file.pkl")

动手试一试

1. 下面是创建滑稽句子的一个简单程序：

 

389 Answers to Self-Test Questions

8 To save a Python object to a file using pickle, you use the pickle.dump() method, with 
the object you want to save and the filename as arguments, like this:

9 To unpickle or retrieve an object from a pickle file, use the pickle.load() method, 
with the pickle file as 
an argument, like this:

Try it out
1 Here is a simple program to create silly sentences:

The word files should just be lists of words separated by commas.

2 Here is a program that saves some data in a text file:

pickle.dump(myObject, "my_pickle_file.pkl")

import random

noun_file = open("nouns.txt", 'r')
nouns = noun_file.readline()
noun_list = nouns.split(',')
noun_file.close()

adj_file = open("adjectives.txt", 'r')
adjectives = adj_file.readline()
adj_list = adjectives.split(',')
adj_file.close()

verb_file = open("verbs.txt", 'r')
verbs = verb_file.readline()
verb_list = verbs.split(',')
verb_file.close()

adverb_file = open("adverbs.txt", 'r')
adverbs = adverb_file.readline()
adverb_list = adverbs.split(',')
adverb_file.close()

noun = random.choice(noun_list)
adj = random.choice(adj_list)
verb = random.choice(verb_list)
adverb = random.choice(adverb_list)

print"The", adj, noun, verb, adverb + '.'

name = raw_input("Enter your name: ")
age = raw_input("Enter your age: ")
color = raw_input("Enter your favorite color: ")
food = raw_input("Enter your favorite food: ")

my_data = open("my_data_file.txt", 'w')

myObject = pickle.load("my_pickle_file.pkl")

 单词文件应当是用逗号分隔的单词列表。

2. 下面的程序会把一些数据保存在文本文件中：

 

name = raw_input("Enter your name: ")

age = raw_input("Enter your age: ")

color = raw_input("Enter your favorite color: ")

food = raw_input("Enter your favorite food: ")

my_data = open("my_data_file.txt", 'w')

my_data.write(name + "\n")

my_data.write(age + "\n")

my_data.write(color + "\n")

my_data.write(food)

my_data.close()
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name = raw_input("Enter your name: ")

age = raw_input("Enter your age: ")

color = raw_input("Enter your favorite color: ")

food = raw_input("Enter your favorite food: ")

my_data = open("my_data_file.txt", 'w')

my_data.write(name + "\n")

my_data.write(age + "\n")

my_data.write(color + "\n")

my_data.write(food)

my_data.close()

3. 下面的程序使用 pickle模块保存一些数据：

 

390 Hello World!

3 Here is a program that saves some data using the pickle module:

Chapter 23: Take a Chance—Randomness
Test your knowledge

1 A random event is something that happens (an “event”) where you don’t know ahead of 
time what the outcome will be. Two examples are flipping a coin (you don’t know if it 
will come up heads or tails), and rolling a pair of dice (you don’t know what numbers 
will come up on the dice).

2 Rolling an 11-sided die is different from rolling two 6-sided dice because, with an 
11-sided die, all numbers from 2 to 12 have an equal probability of coming up. With 
two 6-sided dice, some numbers (totals of the two dice) will come up more often than 
others.

3 Here are two ways to 
simulate rolling a die in Python:

and

4 To represent a single card, we used an object.

5 To represent a deck of cards, we used a list. Each item in the list was one card (an 
object).

my_data.write(name + "\n")
my_data.write(age + "\n")
my_data.write(color + "\n")
my_data.write(food)

my_data.close()

import pickle

name = raw_input("Enter your name: ")
age = raw_input("Enter your age: ")
color = raw_input("Enter your favorite color: ")
food = raw_input("Enter your favorite food: ")

my_list = [name, age, color, food]

pickle_file = open("my_pickle_file.pkl", 'w')
pickle.dump(my_list, pickle_file)

pickle_file.close()

import random
sides = [1, 2, 3, 4, 5, 6]
die_1 = random.choice(sides)

import random
die_1 = random.randint(1, 6)

第 23 章

测试题

1.  随机事件是指可能发生的一些事情（“事件”），你事先不知道会有什么结果。

扔硬币和掷骰子就是随机事件的两个例子。扔硬币时你不知道它会面朝上还

是面朝下，扔一对骰子时你不知道最后得到的总数是什么。

2.  扔一个 11 面的骰子与扔两个 6 面的骰子不同，因为对于一个 11 面的骰子，

所有数（从 2 到 12）出现的概率是一样的。而对于两个 6 面的骰子，有些数

（两个骰子的总数）出现的概率会大于另外一些数。

3. 在 Python 中模拟扔骰子有两种方法： 

 

   

390 Hello World!

3 Here is a program that saves some data using the pickle module:

Chapter 23: Take a Chance—Randomness
Test your knowledge

1 A random event is something that happens (an “event”) where you don’t know ahead of 
time what the outcome will be. Two examples are flipping a coin (you don’t know if it 
will come up heads or tails), and rolling a pair of dice (you don’t know what numbers 
will come up on the dice).

2 Rolling an 11-sided die is different from rolling two 6-sided dice because, with an 
11-sided die, all numbers from 2 to 12 have an equal probability of coming up. With 
two 6-sided dice, some numbers (totals of the two dice) will come up more often than 
others.

3 Here are two ways to 
simulate rolling a die in Python:

and

4 To represent a single card, we used an object.

5 To represent a deck of cards, we used a list. Each item in the list was one card (an 
object).

my_data.write(name + "\n")
my_data.write(age + "\n")
my_data.write(color + "\n")
my_data.write(food)

my_data.close()

import pickle

name = raw_input("Enter your name: ")
age = raw_input("Enter your age: ")
color = raw_input("Enter your favorite color: ")
food = raw_input("Enter your favorite food: ")

my_list = [name, age, color, food]

pickle_file = open("my_pickle_file.pkl", 'w')
pickle.dump(my_list, pickle_file)

pickle_file.close()

import random
sides = [1, 2, 3, 4, 5, 6]
die_1 = random.choice(sides)

import random
die_1 = random.randint(1, 6)

390 Hello World!

3 Here is a program that saves some data using the pickle module:

Chapter 23: Take a Chance—Randomness
Test your knowledge

1 A random event is something that happens (an “event”) where you don’t know ahead of 
time what the outcome will be. Two examples are flipping a coin (you don’t know if it 
will come up heads or tails), and rolling a pair of dice (you don’t know what numbers 
will come up on the dice).

2 Rolling an 11-sided die is different from rolling two 6-sided dice because, with an 
11-sided die, all numbers from 2 to 12 have an equal probability of coming up. With 
two 6-sided dice, some numbers (totals of the two dice) will come up more often than 
others.

3 Here are two ways to 
simulate rolling a die in Python:

and

4 To represent a single card, we used an object.

5 To represent a deck of cards, we used a list. Each item in the list was one card (an 
object).

my_data.write(name + "\n")
my_data.write(age + "\n")
my_data.write(color + "\n")
my_data.write(food)

my_data.close()

import pickle

name = raw_input("Enter your name: ")
age = raw_input("Enter your age: ")
color = raw_input("Enter your favorite color: ")
food = raw_input("Enter your favorite food: ")

my_list = [name, age, color, food]

pickle_file = open("my_pickle_file.pkl", 'w')
pickle.dump(my_list, pickle_file)

pickle_file.close()

import random
sides = [1, 2, 3, 4, 5, 6]
die_1 = random.choice(sides)

import random
die_1 = random.randint(1, 6)

和     

4. 我们使用了一个对象来表示一张牌。
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5.  我们使用了一个列表来表示一副牌，列表中的每一项都是一张牌（一个对

象）。

6.  要从一副牌或一手牌中删除一张牌，我们使用了列表的 remove()方法，如

deck.remove()或 hand.remove()。

动手试一试

直接动手试一试，看看会发生什么。

第 24 章

测试题

1. 使用计算机仿真有这样一些原因：

 省钱（真实世界里有些实验的成本太高，这些实验就可以利用计算机仿真��

来完成）；

 保护人和设备（真实世界里有些实验可能很危险，这些实验就可以借助计��

算机仿真来完成）；

 尝试一些在真实世界中不可能的事情（比如说让一个比较大的小行星撞击��

月球）；

 让时间加快（使实验比真实世界中的实际实验更快），这对于研究一些可能��

花很长时间才能完成的事情（比如冰河融化）很有帮助；

 让时间放慢（使实验比真实世界中的实际实验更慢），这对于研究一些可能��

发生太快的事情很有帮助，比如电子信号在线路中的传送。.
2.  你可以列出你想到的任何类型的计算机仿真。可以是游戏、数学或科学程序，

甚至也可以是天气预报（这也是用计算机仿真创建的）。

3. 要使用 timedelta对象存储两个日期或时间之差。

动手试一试

这一节的程序都非常长—确实太长了，所以不再在本书中列出。你可以在网

站上找到所有相关的文件：

TIO_CH24_1.py—提供脱离轨道检查的 Lunar Lander；

TIO_CH24_2.py—增加重玩选项的 Lunar Lander；

TIO_CH24_3.py—增加 pause 按钮的电子宠物 GUI。
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第 26 章

动手试一试

1. 这是一个可以打败 CivcleAI 的机器人：

class AI:
    def __init__(self):
        self.isFirstTurn = True
    def turn(self):
        if self.isFirstTurn:
            self.robot.turnLeft()
            self.isFirstTurn = False
        elif self.robot.lookInFront() == "bot":
            self.robot.attack()
        else:
            self.robot.doNothing()

这个机器人的策略是等待 CircleAI 绕圈，等它在前方时攻击它。我能写出这个

机器人，是因为我知道 CircleAI 的工作方式，它并不能打败其他的机器人。如我在

本章正文中所说，要创建一个必胜的机器人是非常非常困难的，尤其是在连对手是

什么机器人都不知道的情况下。
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