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Simple GUI programming with Python
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Introductory GUI programming
Scientific Hello World examples
GUI for simvizl.py

e o 0 @

GUI elements: text, input text, buttons, sliders, frames (for controlling
layout)

°

Customizing fonts and colors

°

Event bindings (mouse bindings in particular)
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GUI toolkits callable from Python

Python has interfaces to the GUI toolkits

® Tk (Tkinter)

Qt (PyQt)

wxWidgets (wxPython)

Gtk (PyGtk)

Java Foundation Classes (JFC) (Java.swing in Jython)

© o o0

Microsoft Foundation Classes (PythonWin)
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Discussion of GUI toolkits

® Tkinter has been the default Python GUI toolkit
Most Python installations support Tkinter

e

® PyGtk, PyQt and wxPython are increasingly popular and more
sophisticated toolkits

® These toolkits require huge C/C++ libraries (Gtk, Qt, wxWindows) to
be installed on the user’'s machine

® Some prefer to generate GUIs using an interactive designer tool,
which automatically generates calls to the GUI toolkit

® Some prefer to program the GUI code (or automate that process)

® |tis very wise (and necessary) to learn some GUI programming even
If you end up using a designer tool

® We treat Tkinter (with extensions) here since it is so widely available
and simpler to use than its competitors

® Seedoc. ht m for links to literature on PyGtk, PyQt, wxPython and
associated designer tools
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More Info

Ch. 6 and Ch. 11.2 in the course book

“Introduction to Tkinter” by Lundh (see doc. ht nl)
“Python/Tkinter Programming” textbook by Grayson
Efficient working style: grab GUI code from examples

© oo 00

Demo programs:

$PYTHONSRC/ Denp/ t ki nt er
denos/ Al |l .py in the Pnw source tree

$scripting/ src/gui/denoGJ . py
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Tkinter, Pmw and Tix

® Tkinter is an interface to the Tk package in C (for Tcl/Tk)

$® Megawidgets, built from basic Tkinter widgets, are available in Pmw
(Python megawidgets) and Tix

$» Pmw is written in Python

°

Tix is written in C (and as Tk, aimed at Tcl users)

® GUI programming becomes simpler and more modular by using
classes; Python supports this programming style
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Scientific Hello World GUI

Hello, Word! The sine of |1 i equals ‘ 0.9320330865967

® Graphical user interface (GUI) for computing the sine of numbers

® The complete window is made of widgets
(also referred to as windows)
® Widgets from left to right:
o al abel with "Hello, World! The sine of"
o atext entry where the user can write a number
» pressing the but t on "equals" computes the sine of the number
o al abel displays the sine value
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The code (1)

Hello, Word! The sine of |1 i equals ‘ 0.9320330865967

#! /usr/ bi n/env python
from Tkinter inport =

| nport math

root = Tk() # root (main) w ndow

top = Frane(root) # create franme (good habit)
t op. pack(side="top’ ) # pack frane in main w ndow

hwt ext = Label (top, text="Hello, Wrld! The sine of’")
hwt ext . pack(side="left’)

r = StringVar() # special variable to be attached to w dgets
r.set(’'1.2) # default val ue

r entry = Entry(top, wdth=6, relief= sunken’, textvari abl e=r)
r _entry. pack(side="left’)
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The code (2)

s = StringVar() # variable to be attached to w dgets
def conp_s():
gl obal s
s.set("%’ % math.sin(float(r.get()))) # construct string

conpute = Button(top, text=" equals ', command=conp_s)
conput e. pack(side="left")

s | abel = Label (top, textvari abl e=s, w dth=18)
s _| abel . pack(side="left’)

r oot . mai nl oop()
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Structure of widget creation

® A widget has a parent widget

$® A widget must be packed (placed in the parent widget) before it can
appear visually

® Typical structure:

w dget = Tk _cl ass(parent _w dget,
argl=val uel, arg2=val ue2)
w dget . pack(side="left’)

® Variables can be tied to the contents of, e.g., text entries, but only
special Tkinter variables are legal: St r i ngVar , Doubl eVar ,
| nt Var
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The event loop

® No widgets are visible before we call the event loop:

r oot . mai nl oop()

® This loop waits for user input (e.g. mouse clicks)

® There is no predefined program flow after the event loop is invoked,;
the program just responds to events

® The widgets define the event responses
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Binding events

Hello, Word! The sine of |1 | \Equals 0.9320390850967

® |Instead of clicking "equals", pressing return in the entry window
computes the sine value

# bind a Return in the .r entry to calling conp_s:
r _entry. bind(’ <Return>", conp_S)

® One can bind any keyboard or mouse event to user-defined functions
® \We have also replaced the "equals" button by a straight label
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Packing widgets

® The pack command determines the placement of the widgets:
w dget . pack(side="left’)
This results in stacking widgets from left to right

Hello, Word! The sine of |1 | \Equals 0.9320390850967
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Packing from top to bottom

® Packing from top to bottom:
w dget . pack(side="top’)

results in
Hello, Wordd! The sine of

Em

equals
0.932039085367

® Valuesofside:left,right,top,bottom
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Lining up widgets with frames

Hello, Yorld!
The sine of [1.3 equals 0.932033080967

Goodbye, GUI Word! §

® Frame: empty widget holding other widgets
(used to group widgets)

® Make 3 frames, packed from top

°

Each frame holds a row of widgets
® Middle frame: 4 widgets packed from left
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Code for middle frame

# create frane to hold the mddle row of w dgets:
rframe = Frane(top)

# this frane (row is packed fromtop to bottom
rfrane. pack(side="top’)

# create |l abel and entry in the franme and pack fromleft:
r | abel = Label (rframe, text="The sine of’)
r | abel . pack(side="left’)

r = StringVar() # variable to be attached to w dgets
r.set(’'1.2) # default val ue

r entry = Entry(rframe, w dth=6, relief=" sunken’, textvari abl e=r)
r _entry. pack(side="left’)
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Change fonts

Hello, World!

The sine of equals 0.932039085967

Goodbye, GUI YWord!

# platformindependent font nane:

font = 'tinmes 18 bol d’

# or X11-style:

font = ’'-adobe-tines-bold-r-normal -*-18-%-%-%x-%-%x-%-%’

hwt ext = Label (hwfranme, text="Hello, Wrld!,
font =f ont)
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Add space around widgets

Hello, World!

The sine of equals 0.932039085967

Goodbye, GUI YWord! |

padx and pady adds space around widgets:

hwt ext . pack(side="top’, pady=20)
rfrane. pack(side="top’, padx=10, pady=20)
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Changing colors and widget size

Hello, World!

The sine of equals 0.932039085967

Goodbye, GUI Word!

quit _button = Button(top,
t ext =" Goodbye, GUI World!’,
command=qui t
background="yel | ow ,
f oreground=" bl ue’)

qui t _button. pack(side="top’, pady=5, fill=x")

# fill=x" expands the w dget throughout the avail able
# space in the horizontal direction
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Translating widgets

Hello, World!

The sine of equals 0.932039085967

Goodbye, GUI World!

® The anchor option can move widgets:

qui t _button. pack(anchor="w)
# or 'center’, 'nw, 'S’ and so on
# default: 'center’

® | padx/i pady: more space inside the widget

qui t _button. pack(side="top’, pady=5,
| padx=30, i pady=30, anchor="w)
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Learning about pack

Pack is best demonstrated through packdemao.tcl:

$scripting/src/tool s/ packdeno. t cl

. Shrink\Wrap

packdemo.tcl - SpawnT § Spawn B J Spawn L

. Spawn R

. Object 2

. Object 8

. Object 7

. Object 6

. Object 3

Object 9

. Object 5

. Ohject 4

Pack Configure:

Location: .. top - . bottom < left .. right

Anchor: <~ center .« . N «. 8 4. B  w. W .. NE .. NW
i Expand Fill: - none e K oy .~ hoth padx: i3

s 3B

pady: f;w

W1
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The grid geometry manager

® Alternative to pack: grid

e

Widgets are organized in m times n cells, like a spreadsheet
$ Widget placement:

W dget. grid(row=1, colum=5)

® A widget can span more than one cell

w dget . grid(row=1l, colum=2, col ummspan=4)
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Basic grid options

® Padding as with pack (padx, | padx etc.)
® sticky replacesanchor andfil |
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Example: Hello World GUI with grid

Hello, World!

The sine of equals 0.932039085967

Goodbye, GUI Word!

# use grid to place wdgets in 3x4 cells:

hwt ext. gri d(row=0, col um=0, columspan=4, pady=20)

r label.grid(row=1l, colum=0)

r entry.grid(row=l, colum=1)

conmpute.grid(row=1, colum=2)

s label.grid(row=1, colum=3)

quit _button.grid(row=2, colum=0, columspan=4, pady=5,
sticky="ew)
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The sticky option

® sticky="w meansanchor="w
(move to west)

® sticky=ew meansfill = X’
(move to east and west)
® sticky="news’ meansfill =" both’

(expand in all dirs)
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Configuring widgets (1)

® So far: variables tied to text entry and result label

® Another method:
# ask text entry about its content
» update result label with conf i gur e

® Canuse confi gur e to update any widget property
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Configuring widgets (2)

Hello, Yorld!
The sine of [1.3 equals 0.932033080967

Goodbye, GUI Word! §

® No variable is tied to the entry:

r entry = Entry(rfranme, w dth=6, relief= sunken’)
r entry.insert('end’ ,’1.2") # insert default val ue

r
S

float(r_entry.get())
mat h. sin(r)

s | abel.configure(text=str(s))

® Other properties can be configured:
s_| abel . confi gure(background="yel | ow )

® See
$scripting/ src/py/gui/ hw@J 9 _novar. py
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GUI as a class

GUIs are conveniently implemented as classes

Classes in Python are similar to classes in Java and C++
Constructor: create and pack all widgets

Methods: called by buttons, events, etc.

Attributes: hold widgets, widget variables, etc.

© oo o0 @

The class instance can be used as an encapsulated GUI component
In other GUIs (like a megawidget)
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Creating the GUl as a class (1)

cl ass Hel | oWorl d:
def _init_(self, parent):
# store parent
# create wdgets as in hwGJ 9. py

def quit(self, event=None):
# call parent’s quit, for use with binding to 'q’
# and quit button

def conp _s(self, event=None):
# sine conputation

root = Tk()
hello = Hell oWworl d(root)
r oot . mai nl oop()
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Creating the GUIl as a class (2)

cl ass Hel |l oWorl d:

def _init_(self, parent):
sel f. parent = parent # store the parent
top = Frane(parent) # create frane for all class w dget

t op. pack(side="top’) # pack frane in parent’s w ndow

# create frane to hold the first w dget row

hwf rame = Frane(top)

# this frane (row) is packed fromtop to bottom

hwf r ane. pack(si de="top’)

# create label in the frane:

font = 'tinmes 18 bol d’

hwt ext = Label (hwfranme, text="Hello, Wrld!', font=font)
hwt ext . pack(si de="top’, pady=20)
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Creating the GUI as a class (3)

# create frane to hold the mddle row of w dgets:
rframe = Frane(top)

# this frane (row) is packed fromtop to bottom
rfranme. pack(side="top’', padx=10, pady=20)

# create |l abel and entry in the franme and pack fromleft:
r | abel = Label (rframe, text="The sine of’)
r | abel . pack(side="left’)

self.r = StringVar() # variable to be attached to r_entry
self.r.set(’1.2) # default val ue

r entry = Entry(rfranme, w dth=6, textvariabl e=self.r)

r _entry. pack(side="left’)

r _entry. bind(’<Return>, self.conp_s)

conpute = Button(rfrane, text=" equals ',
command=sel f.conp_s, relief=flat’)
conput e. pack(side="left")
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Creating the GUI as a class (4)

self.s = StringVar() # variable to be attached to s | abel
s | abel = Label (rfrane, textvariable=self.s, w dth=12)
s | abel . pack(side="left’)

# finally, make a quit button:

quit _button = Button(top, text=" Goodbye, GUJ World!’,
command=sel f. quit,
background="yel l ow , foreground=" Dbl ue

quit _button. pack(side="top’, pady=5, fill=x")

self.parent.bind(’ <gq>, self.quit)

def quit(self, event=None):
self.parent.quit()

def conp_s(self, event=None):
self.s.set("%’ % math.sin(float(self.r.get())))
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More on event bindings (1)

® Event bindings call functions that take an event object as argument:
sel f.parent.bind(’<g>, self.quit)
def quit(self,event): # the event arg i s required!
sel f.parent.quit()
® Button must call a qui t function without arguments:

def quit():
sel f.parent.quit()

quit _button = Button(frane, text=" Goodbye, GJ World!,
conmmand=qui t)
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More on event bindings (1)

® Here is a unified qui t function that can be used with buttons and
event bindings:
def quit(self, event=None):
sel f.parent.quit()

® Keyword arguments and None as default value make Python
programming effective.
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A kind of calculator

Define T{x): |p-: +4°cos(6%) X = |1 2 f= -2. 73873

Label + entry + label + entry + button + label

# f wdget, x wdget are text entry w dgets

f txt = f wdget.get() # get function expression as string
x = float(x_w dget.get()) # get x as fl oat

HitH##
res = eval (f _txt) # turn f_txt expression into Python code

HH
| abel . configure(text="% %res) # display f(x)
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Turn strings into code: eval and exec

® eval (s) evaluates a Python expression s
eval ("sin(l.2) + 3.1*%8")

® exec(s) executes the string s as Python code

S ='x =3;, y =sin(l. 2«x) + x**§
exec(s)

® Main application: get Python expressions from a GUI (no need to
parse mathematical expressions if they follow the Python syntax!),
build tailored code at run-time depending on input to the script
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A GUI for simvizl.py

® Recall simvizl.py: automating simulation and visualization of an
oscillating system via a simple command-line interface

® GUI interface:

m
1.00
| I
0.00 1.00 2.00 3.00 A4.00 5.00
h
0.70
| 1
0.00 0.40 0.80 1.20 1.60 Z.00
C
a.0
| i
0.0 4.0 8.0 12.0 16.0 Z0.0
A
a.0
| L
0.0 2.0 4.0 6.0 8.0 10.0
L
0.20

| 1

0.00 0.20 0.40 0.60 0.80 1.00
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casename W
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Quit

Acos(wt)
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Layout

Use three frames: left, middle, right
Place sliders in the left frame
Place text entry fields in the middle frame

e o0 o

Place a sketch of the system in the right frame
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The code (1)

class SinvizGU :
def _init_(self, parent):
|lllllbui |d the GJI min
sel f.parent = parent

self.p ={} # holds all Tkinter variabl es
self.p[’m] = DoubleVar(); self.p[’m].set(1l.0)
self.slider(slider frame, self.p[’m], 0, 5 ’'mn)

self.p[’b’'] = DoubleVar(); self.p[’b"].set(0.7
self.slider(slider frame, self.p[’b'], 0, 2, 'b")

self.p[’c’] = DoubleVar(); self.p[’c’].set(5.0)
self.slider(slider franme, self.p[’c’], O, 20, 'c’)
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The code (2)

def slider(self, parent, variable, |Iow, high, |abel):
"""make a slider [low high] tied to variable"""
w dget = Scal e(parent, orient=" horizontal’,
from=low, to=high, # range of slider
# tickmarks on the slider "axis":
tickinterval =(high-1ow)/5.0,
# the steps of the counter above the slider:
resol uti on=(hi gh-1ow)/100. 0,
| abel =I abel , # | abel printed above the slider
| engt h=300, # length of slider in pixels
vari abl e=variable) # slider value is tied to variable
wi dget . pack(side="top’)
return w dget

def textentry(self, parent, variable, |abel):
"""make a textentry field tied to variable"""
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The text entry field

® \ersion 1 of creating a text field: straightforward packing of labels
and entries in frames:

def textentry(self, parent, variable, |abel):
"""make a textentry field tied to variable"""
f = Frame(parent)
f.pack(side="top’, padx=2, pady=2)
| = Label (f, text=label)
| . pack(side="left’)
w dget = Entry(f, textvari abl e=variable, w dth=8)
wi dget . pack(side="left’, anchor="w)
return w dget
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The result Is not good...

The text entry frames (f ) get centered:

func Iy

Acos(wt)

1.00
W IE.2531 dac
o
0.00 1.00 Z.00 3.00 4.00 a.00 tstop |3|:|.|:|
h time step IIII.IIIE
0.70
W casename [tip1
0.00 0.40 0.80 1.20 1.60 Z.00
c
5.0 Compute
T
0.0 4.0 &.0 12.0 16.0 Z0.0 Quit
2}
a.0
| T
0.0 2.0 4.0 6.0 8.0 10.0
y0
0.20
| I
0.00 0.20 0.40 0.60 0.80 1.00

Ugly!
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Improved text entry layout

® Use the grid geometry manager to place labels and text entry fields
In a spreadsheet-like fashion:

def textentry(self, parent, variable, |abel):
"""make a textentry field tied to variable"""
| = Label (parent, text=label)
| . grid(colum=0, row=self.row counter, sticky="w)
wi dget = Entry(parent, textvari abl e=variable, w dth=8)
w dget. grid(colum=1, row=self.row counter)

self.row counter += 1
return w dget

® You can mix the use of grid and pack, but not within the same frame

(© www.simula.no/"hpl

Simble GUI proarammina with Pvthon — n. 44/62



The image

sketch _frame = Frane(self. parent)
sketch_frane. pack(side="left’, padx=2, pady=2)

gifpic = os.path.join(os.environ[’scripting ],
'src’,’gui’,'figs', sinmviz2. xfig.t.gif’)

sel f.sketch = Phot ol mage(fil e=gifpic)
# (images nust be tied to a global or class variable!)

Label (sketch frane, i nage=sel f. sketch). pack(side="top’, pady=20)
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Simulate and visualize buttons

® Straight buttons calling a function

® Simulate: copy code from simvizl.py
(create dir, create input file, run simulator)

® Visualize: copy code from simvizl.py
(create file with Gnuplot commands, run Gnuplot)

Complete script: src/ py/ gui / si nvi zGUI 2. py
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Resizing widgets (1)

® Example: display a file in a text widget

root = Tk()
top = Frane(root); top.pack(side="top’)
text = Pnmw. Scroll edText (top,

t ext . pack()
# insert file as a string in the text w dget:
text.insert(’end , open(filenane,’ r’).read())

® Problem: the text widget is not resized when the main window is
resized

file fileshow .py

import Pmw, svs
try: filename = sys.argv[1l] —

except: print 'Usage: %s filensme' % svys
root = Tk

I~ | -~
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Resizing widgets (2)

#® Solution: combine the expand and fi | | options to pack:
t ext. pack(expand=1, fill="both’)
# all parent w dgets as well:
t op. pack(side="top’ , expand=1l, fill="both)
expand allows the widget to expand, f 1 | | tells in which directions

the widget is allowed to expand
® Try fileshowl.py and fileshow?2.py!
® Resizing is important for text, canvas and list widgets
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Test/doc part of library files

® A Python script can act both as a library file (module) and an
executable test example

® The test example is in a special end block

# denmp program ("mai n" function) in case we run the script
# fromthe conmand I|i ne:

1f _name. == _ main_ ’:
root = Tkinter. Tk()
Pmw. initialise(root)
root.title(’prelimnary test of ScrolledLi stBox’)
# test:
wi dget = MyLi bGUI (root)
root. mai nl oop()

® Makes a built-in test for verification
® Serves as documentation of usage
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Customizing fonts and colors

® Customizing fonts and colors in a specific widget is easy (see Hello
World GUI examples)

® Sometimes fonts and colors of all Tk applications need to be
controlled

® Tk has an option database for this purpose
® Can use file or statements for specifying an option Tk database
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Setting widget options Iin a file

® File with syntax similar to X11 resources:
I set w dget properties, first font and foreground of all w dc

*Font : Hel vetica 19 ronan

* For egr ound: bl ue

I then specific properties in specific w dgets:
*Label » Font : Times 10 bold italic
*Li st box* Backgr ound: yel | ow

*Li st box* For egr und: red

*Li st box*Font : Hel vetica 13 italic

® Load the file:

root = Tk()
root.option_readfile(filenane)
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Setting widget options In a script

general font
| abel font
| i st box_font

(' Helvetica, 19, ’roman’)
("Times’, 10, "bold italic’)
(' Helvetica , 13, 'italic’)

root.option_add(’*Font’, general font)
root . option_add(’ *»Foreground’, ' bl ack’)
root.option_add(’ *Label xFont’ | abel font)
root . option_add(’ *Listbox*Font’, | i st box font)
root.option_add(’ *Listbox*Background’, ’'vyellow)
root.option_add(’ *Listbox*Foreground', ’'red)

Play around with src/py/gui/options.py !
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Key bindings in a text widget

Hello, MWorld!
You have hit me 9
times

$® Move mouse over text: change background color, update counter
® Must bind events to text widget operations
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Tags

® Mark parts of a text with tags:

sel f.hwtext = Text(parent, wap="word )
# wap="word’ neans break |ines between words
sel f. hwt ext. pack(side="top’, pady=20)

self.hwext.insert(’end , Hello, Wrldl\n, "tagl)
self.hwtext.insert( end ,’ Mre text...\n’, ’'tag2)

® t agl now refers to the 'Hello, World! text
® Can detect if the mouse is over or clicked at a tagged text segment
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Problems with function calls with args

®» We want to call
self.hwext.tag configure(’tagl’ , background=' bl ue’)

when the mouse is over the text marked with t agl

® The statement
self.hwext.tag bind(’'tagl’ ,’ <Enter>',
self.tag_configure(’'tagl’, background=’blue’))

does not work, because function calls with arguments are not

allowed as parameters to a function (only the name of the function,
l.e., the function object, is allowed)

® Remedy: lambda functions
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Lambda functions in Python

® | ambda functions are some kind of 'inline’ function definitions
® For example,

def sonefunc(x, y, z):
return x +y + z

can be written as
| anbda x, vy, z. X +y + z

® General rule:
| anbda argl, arg2, ... : expression with argl, arg2,
IS equivalent to

def (argl, arg2, ...):
return expression with argl, argz2,
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Example on lambda functions

® Prefix words in a list with a double hyphen
['m, 'func’, 'yO0']
should be transformed to
['--m, "--func’, '--yO']

$® Basic programming solution:

def prefix(word):
return ’'--' + word
options = []
for i in range(len(variable _nanes)):
opti ons. append(prefix(vari abl e _nanmes[i]))
® Faster solution with map:

options = nmap(prefix, variabl e nanes)

® Even more compact with lambda and map:
options = map(lanbda word: '--' + word, variabl e nanes)
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Lambda functions in the event binding

® Lambda functions: insert a function call with your arguments as part
of a command= argument

® Bind events when the mouse is over a tag:

# let tagl be blue when the nouse is over the tag
# use |l anbda functions to inplenent the feature

self.hwext.tag bind(’'tagl’ ,’ <Enter>’,
| anbda event =None, x=sel f. hwt ext:
X.tag configure(’'tagl , background='blue’))

self.hwext.tag bind(’'tagl’,’ <Leave>',
| anbda event =None, x=sel f. hw ext:
X.tag_configure(’tagl , background="white’'))

® <Ent er >: event when the mouse enters a tag
® <lLeave>: event when the mouse leaves a tag
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Lambda function dissection

® The lambda function applies keyword arguments

self.hwtext.tag bind(’'tagl’ ,’ <Enter>’,
| anbda event =None, x=sel f. hwt ext:
X.tag configure(’'tagl , background='blue’))

® Why?
® The function is called as some anonymous function

def func(event =None):

and we want the body to call sel f . hwt ext , but sel f does not
have the right class instance meaning in this function

® Remedy: keyword argument X holding the right reference to the
function we want to call
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Generating code at run time (1)

® Construct Python code in a string:

def genfunc(self, tag, bg, optional code="):
funcname = 'tenp’
code = "def 9% funcnane)s(self, event=None):\n"\
' self.hwtext.tag configure("\
'"oftag)s’, background=" 9% bg)s’ )\n"\
% opti onal code)s\n" % vars()

® Execute this code (i.e. define the function!)

exec code in vars()

® Return the defined function object:

# funcnanme is a string,
# eval () turns it into func obj:
return eval (funcnane)
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Generating code at run time (2)

® Example on calling code:

self.tag2 | eave = self.genfunc(’tag2’, 'white’)
self.hwtext.tag bind(’tag2’, ’'<Leave>', self.tag2 | eave)
self.tag2 enter = self.genfunc(’tag2’, 'red,

# add a string containing optional Python code:

r"i=...self.hwtext.insert(i,’ You have hit nme "\

"0@ tines’ % ...")

self.hwext.tag bind('tag2’, '<Enter>, self.tag2 enter)

® Flexible alternative to lambda functions!
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Designer tools/GUI builders

® With the basic knowledge of GUI programming, you may try out a
designer tool for interactive automatic generation of a GUI

® Several alternatives exist:
» Tkinter: Rapyd-Tk, Visual Tkinter, Komodo, PAGE
o PyGtk: Glade, see doc. ht m for introductions

® Working style: pick a widget, place it in the GUI window, open a
properties dialog, set packing parameters, set callbacks etc.
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