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TP AR IEREZE K, X LA E D7 A DT R BLA T  i FE RS 13 R (2, LA Go il 5 R IO F R g A
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Goifi 5 gt

GoiE 5 g4

1.1 GoiEs elita

Goif & ¥ hGoogle A fliRobert Griesemer. Ken Thompson#iRob Pike =/ k4 T20074 T A1 it & W, Beit#riE &5
PR W2 Tk B T AR ICH+ + LRV R R R 5 (sl AL, e 2 H Ao de ik 46 Fl 2 IR ARICIE & . #2008
R, E S MR R B RS, FEIF RS T SR IR S ANE TN, KA{EIX—4Russ Cox{EN T HIFREMA. BT
20094, Goifig &S TFaE. FHFEIH, Goll & IERKAm IR 71U,

GoifE R Z IR RIA N HCIE S, B & "21IMAMCIES". NEHAEE, GOl 5 Hisd NCIE S 4k T RIER
TEVE. PEhlRAE . SRR A SEUE . eSS 2R, RS AR RS T CIE S Wi E R 2
5, K1-12 (Goifi s X4) 4l mGoif & MR g, FA1r LA A B BIA WL BT 5 06 Goll & 74 1 e

ALGOL 60
(Backus et al.,, 1960)

l

Pascal
(Wirth, 1970)
C
l (Ritchie, 1972)
CsP
(Hoare, 1978) Modula-2
¢ (Wirth, 1980)
Squeak l
(Cardelli & Pike, 1985) Oberoh
+ (Wirth & Gutknecht,
1986)
“f;ﬁ“j‘.;,‘g?f Object Oberon
: * (Mdssenbdck, Templ
& Griesemer, 1990)
Alef Oberon-2 /
(Winterbottom, 1992) (Wirth 5‘1';*;;;9"'3&“-

Go
(Griesemner, Pike & Thompson, 2009)

B 1-1 Goilf = # A%
B S K 2l 3. W BRI E L Goil & HIF AR i DUR S8 % Hoare T-197 84E A A I CSPER R L i ok .

J&, CSPHAIEATESqueak/NewSqueak FIAlefss 4 fi i 75 Hig b 5E s HE A SEFRN T, e 280K Be 5 TH 22 56 1 0 40 FER I 2 T
Goifi 5 . S AR W Erlangdn FE i & 1R R dn PR A B & CSPEE IR (1) &) — Fh s i
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Goif 5 it

PR S B A ] — 3. a3 RS T Goil & i 6 G ELRHE RS AL FE . Goif & Fr e A 1 L I [ ) 545Ky
P 4kK B Niklaus WirthfircitfPascalifi & LLSH G T AERIAT R AETE & o P RRME . BRI SIS WERHEL T 2k
H¥Modula-24ifE 15 5, R GAFE T S AL 5 VA I 78 B TEESE MK B T Oberongifeih & . A Goili SiliLt 1 H CAF A
F S T i 0 A e e e 1 S 2 R

IR LR S AT — 3, XX CIE S B Goifi &5 Xt Cili & RANK M — Ik #%57, MUUETEEAMCESAHRE 2
s, REERER T CES T RFELGRIREZEHE. MH, GolFEEHiilh 7 CiE s i ARG BIg EAF IR 59,
FFAEAR 2 ARG T #E T  ZERT IR R . 248k, G SRR 2 R BB 2R 2 W Goll 5 BRI A 3%
JERT (GOl FJERRAA25M KT, sepcifi 5 ML ARI500)) .

Goifi 5 e I —Surr Ttk B T A — 282w PG = thiniotaifvE e AAPLIE S s, NVAME IR SR E RS R Mk B
TSchemeili®s (MILMRBHEIET) - Goli HHMAMRE H AW . HIGoili 5 MV Vi ERESHALR M
TAH MBI IR RE, X T RE S NIBAR BIBER IO IR)Z L AL . 38 Goili 5 A Wl iideferitify (Ken& W) WA wiR
%,

1.1.1 RE JURSEBR E=REER

15 NGOTE 5 FREER I &% g PR Sk B T DUR 5236 % (i Tony Hoare T- 197 848 & 2% (e 4h FL R A0 (55 T 3 K BT 42 i LAk =
fik: W IA{EERE (communicating sequential processes , 45 ACSP) o #E&AIMCSPE S, R HAE—41A i
HEEURS PATE AT A B R, S A AT SRS . Tony HoarelfICSPIf AR R — AN Tk IE &
PEEEARES ARG S, CIHAR—AT UGS rT AT R 1B m i = .

CSPIf R AR £ 28 L ¥ SE B3 B 2ok 2 A5 R B IErang i 215 7 o AN /EErlang b CSPELEAE Ny & gn AR Y (1 (A1, )
FER E DR 5256 IRob Pike LA K 7] 3t 75 R W 223808 CSP I R AR 5 N 241 (1038 & W R REiE = b B EE—k2kgI A
CSPIFRFFHE M4 FETE F M Squeak (ZRMAE) , E—MNH TSRS F M MMEIE S, EX/MES P Ed
BEIER. RE 2B Newsqueakifi s CIARCE RN, Frigft 7R EICHE F i MmFA A MiEk, 84 Pascal
B M 5987 . Newsqueak & — AN bi i I Ak B8 S, e ke AL, PSR D SR . (H2TE
NewsqueakiZ & 1 EIE CARLSISOER, FHEETH RMH. TURGREARET. R5LAlefffRiEs (Alefh2CiEF 2
ZRitchie LB = Z HgfEET) » Alefifi 5 ik B ¥ Newsqueakis 5 Bl N RS FEE 5, (H2 B Gk 57 3% ML T 55
RIS (XM R4 KCE S T LEMANZERAM) o fEAelfif 5250 H — MULimbolgiiE 5 =R , X
R NEITER AT HAES . Limboil 5 2ZGoil & IR ik, ©MGoilEHERIEIINIEEL. B¥ilGolEsn,
Rob PikefECSPIf- K AmFEME M s ki i AR TILHENZLR, X TGoll s I RMFEINFRIESE 225 Tk, Hiwmfiis
SRR K EIER T .

E1-2)@/R T Goils & i R WKL H & 7T LU H B E R ifE (GitHl git log ——before={2008-03-03} ——

reverse A HE) .
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-r 0:4
G _ZeEdeEt
Brian Kernighan <bv
Tue Jul 18 19:05:4 72 -0500
helle, world

1: UL dObf8&d

Brian Fern1qhdn

sun Jan 20 01:02:03 1974 -0400
S UmMmary: convert to C

hangeset:
1ser:

date: Fri Apr 01 ﬁE:GEJGdJI 50

S UMmMary : convert to Draft-Proposed ANSI C

Bri < arch.att.com=
Fri Apr 01 G“ 03 988 -0500
S UMmary: last-minute Tix: convert to ANSI C

hangeset: 4:4e9a5b095532

iser: Robert Griesemer <gri@golang.org=>
date: sun Mar 02 20:47 008 -0800
SLUMMAary: Go spec starting point.

A 1-2 Goii FII K H.&

MRS A E AT UE H, Goifi s 2&MKen ThompsonkIBiE S . Dennis M. Ritchiek ¥ICIE & & kil k1,
EHACHES FERK R, FIEZ NEGoIESHON2IIHAMCES .

F1-3/E GOt & ok H UK 980 SR A I i Rt 2 DR A 1L T«

1969 1972 1989 1993 1995 2009
B c Newsqueak Alef Limbo Go
K 1-3 Goifi & I K 7
YALEEA TR S0 = (IR FETE = R JEERE, MBIEE. CiEE. Newsqueak. Alef. Limboif s —#iK, Goifs4kk 1k

H VURSES S (ML R BBt R ], 22T 5 1 G & AR R ar . IR LR AR B, Goili 5 LA =it
L SARREIN AR E R R A AR F .

1.1.2 fREF, 5

BRI, AP E AR S IR — MR #52 “Hello, World!” . BAAAZBRRILE CA T T Goili s, HR2|ATIL AT
WA (RARAMMEGIE R NGotE F I TT2ECHE S AR TR KD o R KUY R IR GOt 5 R PPt (1 2 vh S ke, i
.

package main
import “fmt”

func main() {

fmt. PrintIn ("fREF, fHF17)



Goif & tlita

UL ERBSLRAER]  hello.go . DUAAU A IEASCIRIH SCFAF,  FoATT i 208 SO 1 4 i i 048 5 9 TEBOMEY
UTF8%ifs % AR UTF8%iAS fE Goil 5 VEITE R o MR BENAAT IS hello.go  SUAFPTERIH .
FHTEATAT LR GOt &5 M IIATE &, AT EEMA  go run hello.go  SRIZATRF. WIR VIIEHKiE. NiZw
DATE i AT 7 B4 IR0, 5 i as .

BUE, EBATEANA—TRET. FrEIGOREF, & th i A 1) B B AR A, bR RN AR 1 gl 2 1 31— AN B R G oL
P, X SEYE SRR R RSN A& I package, & iXtkpackage A HIHBAL N e INGoiE Sy, Hi,
BRI T — RV E A (58 AT I ERAE T 51, DAJHRAT B AR I A A8 & AT X /MR P s 301 4 & main.
RGO FH, R A K2 RS, H2maintFimaini B e 8 — N HUTRF I D . iipackagell H -+
WRMAGUHACI RS, BEAE B, EfH— 1 packageZ i, BATHZEMHimportisf) S A, Flwn, HTATXAMEF S
AN Tfmt (fmtZformatiialf4E s, Fonks AR AREERATA AT LAME H fmt - 1 Printin sk 4.

XG5 & Ry, A NDEGoE F R FAT R IER . MCEFTHTHE AR, Golh s M TR HNAER AT
. ALV R N SR L e fmt. Printine $uny 775 8 19 B IR BOA B Il —— L1 LU A7 HR IHE RIC . (977
HHEH(E  reflect. StringHeader  H5E XD o fEGOIEF 1, MES AN Z LU HIK T KON SCRF LS IR TT ) %% (H
BRIRRE . Goif & 1AL B BN M A B LAS R SR8 HD

A% SR B RSO (www.topgoer.cn) 4 zE- 11 -



Hello, World 2

Hello, World 1%y

1.2 Hello, World {4y

FEQNIZL Z AT h AR A2 7 Gotl 5 AL ZE R G, 0f JLrpol B WURSEIR R IR TR iR BE R 7 S/ 2, ) 5l
i 7 Goiti 5 il “Hello, World"#2/7. J:s“Hello, World " F2 /5 /& J s 2 Al 5 R PR IR AP 1B 5, Rl IiZiE 5 I — 1
Flo X — T RATH A S A RFEE S AL IR ), 7 2255 T “Hello, World "2 2 g A2 s 2 H T M Goi 5 R, i
ASEINE M AT dr .

1969 1972 1989 1993 1995 2009
B ¢ Newsqueak Alef Limbo Go

[ 1-4 Goiff 5 Rt i
1.2.1 BiZS - Ken Thompson, 1972

FCRBIAE, BIFE RG0S LIRS IKen Thompson AR FA M — il Ry Bitin =, Bt Hif2 1A
THIBIUNIXRGERIIT A . HRFINBIE 5 6k Z RIGFHIR R A G SEA I LA Y. J5R, Ken Thompson#J[F4iDennis
Ritchie LABifi 5 NI Al 7 CIEE, Gl FFOL 7o RRA, BOSBN 115 5 Rk . SIA AR ek
RENRERFE S Z . MBEE HMERZ G, WS AT Bk, By 7 bk,

1 I BIE 5 A< 19 “Hello World”, —f&ilJyf&2k 3 T-Brian W. Kernighan%i 5 [9B1E 5 AT THRE (GotZ O ASHS 22 4
— AR 4 1E R Brian W. Kernighan) , f250F:

main() {
extrn a, b, c;
putchar (a) ; putchar(b); putchar(c);
putchar C !*n’ ) ;

}

a “hell”;

b o, W ;

¢ orld ;

BT BIEH A Z ZRMEE AL, HAEalll  a/b/c  ERASECKE LEMLAE, JFHEANRERKZBAR 52 74
AN CHE—MEICHES MR o AEEE 20 putchar BRI R, UM e’ ORI AR
F=Vis

AR, Bl E T, DyRE LA

1.2.2 Ci&E - Dennis Ritchie, 1974 ~ 1989

Cili 5 A& fiDennis RitchiefEBif & 1FER E ot moik, e 18 a8, Rl T e S UNIXE R H bR, C
B A AR IRITA i P 3T, H TR EE R G LT a2 CES I RN, FE2RMAGRItHZCES
Ko CREGRIMIEE S SI/ARHALE L HEZA, DL AL DRAIR T 77 -

7EBrian W. Kernighan+19744E 4 4 4n 5 ICHE 5 N EREF, HILT 28— ACiE S AN “Hello World"#2)7 . X4y )5 KK
o AR IE S AR LA “Hello World” A3 — /MEFHAE T 28— AN Ci S A “Hello World "2 /7 1 R -

SRS A B R SCRS (www. topgoer.cn) - 12 -



Hello, World #3-1x

main ()
{

printf (“hello, world”);
}

RTRAT, AILAHZEEMN: §5 main  REBEOORAWHREERE, BARE  int B8 I

® oprintf  REEOAATESANREGE PR DUEN]; K5 main  RAWBRREIEA, EEGAREIOME. AR
I, ClsFiRm ARbriEAL, FATERZ L INARNCEF % REAHASREME, RS L2, M printfif
AT AT A4

AT R ILAE T 19784 A (CREFITHES Y #—hh, 1E# IEZBrian W. Kernighan #1 Dennis M. Ritchie
(fRIFRK&R) . i “Hello World” 20 17— MiAT4 H :

main ()
{

printf(“hello, world\n”);
t

RAGITAE TR ORI T — AT, CGHEF/R \n  BATEHBIEFEM W0’ BTERREMNY T,

HEKSRIHFEH T 10E 2 JF119884E, (CREUFHITIES) & IRATHIR 7. WRANSI CiF & sk b B R O 2858
A AHIESEAR R SCR WA R AT . Al B “Hello World”f2F AR B RIVEIE N T #include <stdio.h> kXA EFIE
], HFEE  printf  REOFE GRIICBINRMET, (ULURZERT  printf  BREUTE, SR RT LIS F 75 B oh 4 1452
D

#include <stdio.h>

main ()
{

printf (“hello, world\n”);
}

SRIGH] 719894, ANSI Cifi & 55— NEPRbR R A, —BFiovC89. C8IRMATHI ZM—ANCIE S hndt, Hui kA&
. (CREFBIHE S ) 5 ARAT AR EDRTRRA, JREHE AT CBOMTE AL, 4% main  MREHISEHIN
T void  RIASHMY, FREAMASHENEL.

#include <stdio.h>

main (void)
{

printf ("hello, world\n”);
}

Zit, CIEFEASRBHMCEARTE R, JFIHFICI2/CI/CLLAR s nf —LaiE F U1l 1 72 . BINSFIPI LR, C8IMKRZ
IR 2 B bRt o

1.2.3 Newsqueak - Rob Pike, 1989

Newsqueak/&Rob Pike’k {14 Rl 511155 4R, JEfhH TS5 CSPI R MR 13 . Newsqueak g #iffisqueaki® &
MR, Hrsqueak % B MG Y, Al LU VR bR S 7 E . Squeak s — AN SR AL B bR AL S 1R A 2 0 4
B S, Squeakifi 5 ERHSEIEN. SitikINewsqueakis 5 MR AL 7 RAUCIE SiBA AL R B2 Pascal
B E B SEYE . Newsqueakst—ANiF [ sh Bl AU A B EE 5, S E U A . RS 3SR, (HR e
Newsqueakifi & 1 LA BIER, JBTH KM, HIATURESIZE .,

NewsqueakE WA, WE T4  print K%, B/ Hello World"f2F & A A4 5t

AT RS A B R SCRS (www. topgoer.cn) - 13 -



Hello, World [ iy

print ("Hello, ”, “World”, “\n”);

M TR, BT print  BREOT LSRR ASEULN, BAVRMEE FINewsqueakil S M MR, thT
Newsqueakif 5 MGoif FAHICHIREME FHURIF R MG . Kk, A TR BB — A IR A “ 22 5008 SRk ms 51
Newsqueakif &5 1HEH: . “ Z AR 10 J7 22 4 ]«

E—
2
L = —— = =3 ——
3: 3:
4
5 5 5 |
&
7 2 | 3 | 5 |7 11
]
9 9
1a
11 11 11 llh llh

K 1-5 #40ii

Newsqueakif & I K MUA I “ R T2 4 T -

/T EE M 2TFAR G E 38507 5
counter := prog(c:chan of int) {

i =2
for(;;) {

¢ {—= i+t
}

// X i stenE BRI GESY, 10 JEF Eprime 54T HI 4
/7 BT 2 send B E
filter := prog(prime:int, listen, send:chan of int) {
i:int;
for(;;)
if ((i = <-listen)%prime) {
send <—= 1i;

sore 2

A N B SRR A
AR e FE T IXANBT ) 2B BT 19 2 50T JEAS
sieve := prog() of chan of int {

¢ := mk(chan of int);

begin counter(c) ;

\

prime := mk(chan of int);
begin prog() {

p:int;

newc:chan of int;

for(;;) {

A SR 3 R SCRS (www. topgoer.cn) i 4 - 14 -



Hello, World f)3: 1

prime <—= p =X~ ¢;
newc = mk() ;
begin filter(p, c, newc);
c = newc;
}
1O

become prime;

’ e
/B

prime := sieve();

o counter  MEHFRIEERHEGT AL, B filter  BRECH SR N ASEI R BT R, X
FOB AR 2 1 1) 2 B R N T RN R B0 7 2 S R ) A mk (chan of int)  HTHIZEEE,
FAUGoiEF make (chan int)  1&4]; begin filter(p, c, newe)  KEETJABIREFUFHIIFRE, FKLGoEF

) go filter(p, c, newc)  iEf]; become  FTIRFIEELER, Fl  return  iEAH).

Newsqueakif & H I R AR A B 1IEE GO 5 AL T, 5B ST AGoE 5 rEE IR
1.2.4 Alef - Phil Winterbottom, 1993

GOl F LA, Alefifi 5 RIEFH LI EMIFLIES, AlefiEkMusir i AR LN AECIES . Alefili 5 rgxt£fz
FHRRRII ARG T R, Hf proc receive(c)  HTJAz— ikt task receive(c) T Jaz—ALHE,
BNz EE o MBI, A i TAlefii = P AE AR, SEORREN A RIEE R EE . 1 HAlefiE
= RAEPlan9 R G0 IR AL G 2 0 S0 FE, B E RGO BCE sEhr AT LUs T Alef RIS, i HAlefit 5 R (Alefif 5 M
WY A (AlefgmAE ) A AT I SCR, HIAE DURSER = 2 #hoe T Alefili 5 HT iR IEA £ .

H T Alefif 5 [F N SCRE R AR I S, i HAE IR R AR il LU OR B E 2 IF Ao, 80T AlefRIFRIRES S RE . FH
I Alefi A H Bt miLE] CAlefR R B I CIE 5 200G IOFREHRRIE, S B0T B Shhsi UL S LR R 3D & SR
FFTAFE LR 6], FEORRARR N7 R LR 2%, Alefifi 5 &igl& 7 Cif S0, W By g 1 Jf
FAECIE o T 2 Alefili 5 30 ORI — DAl RERI IR A AR

Process 1

Main

\ Process 2

Task 1

Channel

Process 3

Task 1

& 1-6 Alefif K72

Alefifi 5 IF R A ¥ “Hello World " F2 i1 T«

#include <alef.h>

void receive(chan (byte*) c) {
byte *s;

SRS A B R SCRS (www. topgoer.cn) - 15 -
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s = <= ¢;
print ("%s\n”, s);
terminate (nil) ;

}

void main(void) f{
chan (byte*) c;
alloc c;
proc receive(c) ;
task receive(c) ;
¢ <= = "hello proc or task”;
¢ <~ = "hello proc or task”;
print ("done\n”) ;
terminate (nil) ;

Rk #include <alef.h>  iEAJHTEEAlefil 5 MiB1TH . receive e AEEEE, EFHRAEGAIT
RARIIN TR 5 main  BREFM alloc ¢ WEAPEAIE—A chan(bytex)  HHMEE, FKUUGoHET

1) make(chan [Ibyte)  iEHf); REHHILLEREMEREMTAHE  receive  HEL BalFRIEZIE, main B
M o CEERIETWATRREGE; MEREMATRIRASIZITM receive  BRES VAN E MIIT A 5 A TE IS B EL AR
Ja, RIEAIETEN AR BRJGEAIERIAESEIE A terminate (nil)  RERHECT.

AlefBIEILMCHE FHAMREF 2, AT ERAECHE & BIEILIEAR RN T I RMIEAISCHIREE, AT LV 5 — DN ERE
CH++ifiF.

1.2.5 Limbo - Sean Dorward, Phil Winterbottom, Rob Pike,
1995

Limbo k) 52 T IFAEAT AN S L 7 A s IR 3, B SR B g, 2 IR AT IN (1 558 5 8 A
7, HERRA ST R S E A, SR S SR AN T R i R AR . Limboi it y: MR AE BOA BRI AT R
/N 1, WBRE 4217, Limboili & E#is 7 EInferno R4 L.

Limboif Z A< “Hello World” #2F 40

implement Hello;

include “sys.m”; sys: Sys;
include “draw.m”;

Hello: module
{
init: fn(ctxt: ref Draw->Context, args: list of string);

}s

init(ctxt: ref Draw->Context, args: list of string)

{
sys = load Sys Sys—>PATH;
sys—>print ("hello, world\n”);

MIXAEA I “Hello World” 27, IS AL LLRIR L Goll S HrEM4E . 55—%f  implement Hello;  FEAXIMGo
iBHEN package Hello  HFEHHIEA], #RJ5/E  include “sys.m”; sys: Sys; Ml include “draw.m”; i&AJH TS
AR BRI, KBGoIEFR  import “sys” A1 import “draw”  iHf]. SAFHelloWBIHUAEAE TRIRYIMGIL

oo init , JFFHREMSHPREBEFEER, TidGoil E MG R EUE A SN,

1.2.6 GoiEE - 2007~2009

ARSI B R SCRS (www. topgoer.cn) - 16 -



Hello, World [

TURSE 25 JG R G T 2 REh%, A4EKen Thompsonft M HIPlan9ii H R FEA T4 M\ T Google A . £ % BLimboZs i
%al:.;.tiilO%ﬂFZF 20074, GOili g =AMAIES BRI R RER — ML C++ (LR CHHE S AiE
JfifE Google /s @ FIALEK A C+ + L L&Al A @ AR EARAE NG 70T 5 A2 Tl 7 20% 0 & i i A)is T Goil & . I
Goifi 5 MVEM20084E3 H I A% S, fe W) GORE it B4 R 2 Gl 5 2R 5 1 kg bl as . %1 720084E5H ,
Google AR I FMIAT RI T GolE F ME R, MMITFMh 4 /13X FHXANTH (Google Rl as N H 28 TTik
T func  FEEET) , ARMUITETRUE AT EE TR AR BIGoTE F IR MIT R . fEGoiE S TV e 5, GoiE S 1
P e T T DA B A LSS T o

1.2.6.1 hello.go - 200846 H

package main
func main() int {

print “hello, world\n”;
return 0;

XAVIAGOHE & 27 IETFHIR A . W EMH TR print  IBACSAE, Ad2Uasd E’Jﬁfiﬁﬁ% )\
H o main  REGEMCIES T main  RE—FRE int  BEME, mWEF return & FCHBIR A4 .
AR B 5 WIEAFTE

1.2.6.2 hello.go - 200846 H27H

package main
func main() {

print “hello, world\n”;

}

AMEH main fFEp TIRIENE, FRPERIEE R exit(0)  KiRIl. Goifi A Ky [E kAL .

1.2.6.3 hello.go - 200848 H11H

package main
func main() {

print ("hello, world\n”);
}

T RN ER  print  BITHRK G SONTER N E RS, SEAHEREE N5,

1.2.6.4 hello.go - 20084104 24H

package main
import ”fmt”
func main() {

fmt. printf (“"hello, world\n”);
1

fERCESZTHRME  printf  RAMRHCEBE TR TGoEF T, REULE ot GF ¢ fmt 2R
W format  MFES) o AXL printf  EEAKIELTFRHRIGE NG TR, SRITIRS TREROR SRRSO L.

SRS b R SCRS (www. topgoer.cn) - 17 -



Hello, World f)3: 1

1.2.6.5 hello.go - 200941 H15H

package main
import “fmt”
func main() {

fmt. Printf ("hello, world\n”);
}

GOt & THHARITR TR /NG 8 7 BRI A 5 RETUB S . KETEIFARR GOSN D, DG FEIT KRR LN
MRS . WA REER IR, W NS T RIS, BT ITRITE S H ARG S B
[P P E 24 SRR, G022 JRs e & MERHILF 10 S AL

1.2.6.7 hello.go - 2009412 H11H

package main
import ”fmt”
func main() {

fmt. Printf ("hello, world\n”)
}

Goili HEA TR TBAIREN 5. X/2GoEF 200911 H 105 IExUF I 5 88— AN LB s 2 1B vk itk . 197 84EC
W E B IR S A BIRR BIBLAE . Goik S RIMEH AL 1T BB 324 TR TIRRIAR RS 5. fEIX324FE ML)
T RE AR T 1A\ ENRCRE, AR —E R Goil F Bt E R BB AR (BUESwIftAEHT 1015 5 1R BRI 2> 51, W]
WP SHITFEARM AR EED .

1.2.7 R4, 5 - V2.0

TEL AL MR EAE 2 J5, Goilh & MUATENH T Unicodeffi A1 “Hello, World”, it H. A LA J5 i i) 4 Bk = 42 k4T
EORSS. FHIARAEE  http  IRESFIEEAUT R ST B SO ARGT, SR BRI A R

package main

import (
e
"log”
“net/http”
“time”

)

func main() {

fmt. Println ("Please visit http://127.0.0.1:12345/”)

http. HandleFunc (“/”, func(w http. ResponseWriter, req *http.Request) {
s := fmt. Sprintf ("/REF, HF! — Time: %s”, time.Now().String())
fmt. Fprintf (w, “%v\n”, s)
log. Printf ("%v\n”, s)

P

if err := http. ListenAndServe(”:12345”, nil); err != nil {
log. Fatal (“ListenAndServe: ”, err)

}

SRS A B R SCRS (www. topgoer.cn) 7 18 -



Hello, World [

PAVAM GoEFFEEHMM  net/http  AME T —AMHCLIZTMhttpi4. A http. HandleFunc (7/7, ...) &
X/ ARBSARIESRIEM T RACEE R K. AR SRS R B, FROUKSAMER  fmt. Fprintf A SIS R SR T @
http B S0 i SR 1K % 7 g T ELA% A ) 2 o, R S8 b bR v 2 1 H B EL7E IR 45 2o AT B G2 o . J e 18

i http. ListenAndServe  BRECHA KA shhttpk% .

2t Goifi 5 & T 5E i 1 AL AL AR Cil = 212 120 T W) I A Q22 XA SO S ] A R 3 5 A AL

AR s BRSO (www. topgoer.cn) F - 19 -



ML AR

B TR AR

1.3 HA. FrREAg A

LRI FET 5 P AL ST 5G (K Bedi S K2 (I A5 s N BRI, AR E (I AR LI 4 2518882 . hash# (hash#
GRS GER IR AR A% € XS -

Goifi 5 Al TRy ZF R VI RIS a5k . X =M 6, 7ERe 2 s aa Bl B IR A R4 i, 2 L2,
BN TEEII R G AN AT R . E5E, GOl & A —MERA, BERHAN ICEH AT PIEEG, (HAAZHA S IR
TEM R LS HE BRI HI R T7 AL B . GOl & T4 IR 2 th 2 0 B 5 1T858, (R 45 AR I R e e 45k T 772
Fe O B J2 - R JO R B AT R T RO ST T B st RO R, T S e BUR R R R . VI RIAT
BONRIE, UIR WS AN 5 B RS0, (B ARRR 1 A BB D) R 2 B B AR R RO SR A AL, (ER AN
FIEEAS K LA RSB, U0 A e B 50N R U0 1 kA5 BB AR AE 7 s . RO B Sk &5 RS2 B 1
REE, PTCLE R A& S EURZ B R ] HSGoil F RIBELR e B Z IR FT L, Bk 1 DAL pR B LS| A 7 36 4
AR YT I 2 A, HUE AR R S DR Ay U 3 SRR L A R = AN (1 A 2 2 Je R
VEAR T AT RZ B 45 .

1.3.1 HA

B A E KIER R E R BT RARAFES], N DL A s AN e R A . B A R B2 S T R 2 A
g1 o PUABUA RIS B SRR — AN, AN R R B R R B ) B A s R B A R AN R 2R A, IR GOt & PR E
FAT B ORI BB A BN RUEE B AR o FBCALT BRI D) R, IR & v ASh A g KA i 1 e 31,
IR B S RE SN 53, EL TERRAR 1y ) A S B 2 SO B A

FAVEE A B L e L5

var a [3]int /) EXAERSHIint HIEH, T6ELEHN0

var b = [...]int{1, 2, 3} /) EXKSFE R intIEH, wE N 1, 2, 3

var ¢ = [...]int{2: 3, 1: 2} /) EXAKSERNint A, TFEN 0, 2, 3

var d = [...]lint{1, 2, 4: 5, 6} // &EXKEHN6KintHH4], wFEH 1, 2, 0, 0, 5 6

iy U X MR R RN 7 BANRKEWFEE, SR CRKA LR EIIG.

5y 2GE SCHUEH, AT AR SE SO I 15 7€ A e AT aa Al SR ERE W e R I H B3t 5.

55 =iy SR LLE S 15 BRI LB e 2, R IE R KA A6 A8 B B LE A s o XA a6 415 32X

A maplint]Type  RAIRIYIIAITEIRZEML. BN BRI R CRIR 51 0, BA MR e R AR OB 1l 4h
.

SR T ARG 18 AR =M g 7T 3, BT PSRRI, 58 =S TR R AL, ALK
RGN, B D ICERERAE T 5 T TR 2 Ja R ANIRUF AR 1L -

BA WAL . b Rl —4  [4]int{2,3,5,7)  ZCAEXS R N AE S5 44

& 1-7 A
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A, FREAY)

Goif & PULREIR Lo — MR BF R BN, CIFARBERIIRR S TR (RICIEF D ik
—EEE. 2 Alﬂéﬂéﬁ%’%ﬁmﬁﬁﬁﬁﬁ%ﬁ%iﬁﬁﬁEﬂ‘{@éy SEbR R SRR IR BRI, B R B 2 A L
RETFEE . O TG ST B A R TT 4, W] DUt — MR B R RREr, (R EIREIF A2 54l

var a = [...]int{l, 2, 3} // a 22— 1"#4

var b = &a // b 218 A 1R £

fmt. Println(al0], al1]) // f///J*if/ﬂ/ﬁw 2PN E

fmt. Println (b[0], b[1])  // B E L IG41 05 1502 70 2519 77 2CRIE 251
for i, v := range b { /I AR A CE A o 2

fmt. Println(i, v)

}

Her b RERE a  BUEHMRE ERaEE b UTMEEHT TR SEN . a KRR, Bl for
range  SRISAEAIREHR A MBI T R . HOBEIRE SRR 7 RAEI AR 2 5, i B R e R A E 2 o 7 SR it
B S RRAEIERL, 10 AR BB A 298 DL NMEET . (ER BRI AE 0%, BONEZ RIS B R B2 e
LIRSy AR 1A Al EE R R B AL R B2t R S A AN FT Y

LR B A — MRS R, S5SNI R 51, RN G R i s H R 2 . WER# Ten WL
T SRR K, cap  BRECA LU TS R AR TR AR, len M cap  ERECRMIK
GORIRZSIE —FE, HAE MR A T

BATATCAH] for  EMAGEAHAL. T H WL LR 7 SCHE AT BLRT R P #o -

for i := range a {

fmt. Printf ("al%d]: %d\n”, i, al[il)
}
for i, v := range b {

fmt. Printf (“b[%d]: %d\n”, i, v)
}
for i := 0; i < len(c); it+ {

fmt. Printf (“c[%d]: %d\n”, i, c[il)
}

Al for range Uy RGSAUMITERE I RE S HEAF — 18, PROMIRAEAUR] BLARIEAS 2  BUE AL (1757, RRAeIs AU B4 e 2
U IR BT BLAR 25500 T A R S 1 4 U o

F for range  HRIEAR, EFTLLZBGIEARES (1T bx:

var times [5][0]int
for range times {

fmt. Println (“hello”)
}

Hb times MR  [5][0]int  GEAURECAL, HARGE —AERCALA KR, (R TR [0lint  RNEO,
BEEEAHAL S T AAE R AMKIRAEO . BEA AT MBS N, ATl for range 7B times AR
B

HEHABUCT DU THAERA, v DoE XAl sl Rl S8, B s

/) IR

var sl = [2]string{”hello”, “world”}

var s2 = [...]string{"#REF", “HH5"}

var s3 = [...]string{l: "tHF#", 0: “IR4F", }

SR
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var linel [2]image.Point
var line2 = [...]image.Point {image. Point{X: 0, Y: 0}, image.Point{X: 1, Y: 1}}
var line3 = [...J]image.Point{{0, 0}, {1, 1}}

/ BEIR A a5 502
var decoderl [2]func(io.Reader) (image.Image, error)
var decoder2 = [...]func(io. Reader) (image.Image, error) {
png. Decode,
Jpeg. Decode,

/ BETEH
var unknownl [2]interface({}
var unknown2 = [...]interface{} {123, "/R{F"}

RCEIE
var chanlList = [2]chan int{}

PATEAT BLE LA Z A :

var d [0]int /) EX RO
var e = [0]int{} // &X—PKEHONIEA
var £ = [...lint{} // &EX—PKEHOFIHH

KRN0 RSB W AF P IFAS G s Ta] o S EH BORRAD BT, (ER A AR T 5 b MR AT 2R AR 5 A 0 B e BC AR R Y
AFzEi], B T A R R A

cl := make(chan [0]int)
go func() {
fmt. Println("c1”)
cl <= [0]int{}
1O
<-cl

FEIXHL, FATIFA T TE A i K 10 FT s 28, Hrh i B OM A8 FUE I H M BRI . 0 ikmida st AT =
BAURAM N TE A R] DLk /b7 3 EﬁMﬁﬁmﬂ% R R R) T PGSR A A4 AR (AR

c2 := make(chan struct{})

go func() {

fmt. Println("c2”)

c2 <= struct{} {} // struct {(} B8 2HBZ, () ZmXt M HI4EHIAE(E
1X0)
<{-c2

BATATLAE - fmt. Printf  BEERMEA %7 5L %y IFIAEEVESRITENE AL AR AELN (S R

fmt. Printf ("b: %T\n”, b) // b: [3]int
fmt. Printf (“b: %#v\n”, b) // b: [3]int{l, 2, 3}

{EGOIE ok, MRS H AR A4 HI LT LA LS 2 B 60T L L4 ) A28 o
1.3.2

AT AT SR RS, AT HEE R AR E AR SO . A ERE, TR TTR AR
o AN R TR BT I BRI A, (R AT A R AR AT B R . i T Golli F

A SRS I H R OO (www. topgoer.cn) fy 2 - 22 -



A, FREAY)

VRS 2SR UTF 8L, BGOSR v H T A7~ i T — AR S UT R i o VAU T r B SCA 2 13 e 6 B R
AR HUTF8%ii%HIUnicodeli i (runed FE5ll. Kb 0 B2 R B v 10, BRI 4 8T DL SRR A s, B
fibytefti0. FATH AT LA 547 B 2R GBKEE A UTF 84 AU g, ANid IR RNl v 4 e B 1R A — A B b e 4 o ofe
W, KA for range  EHEIEIFABESCRFARUTFS SRS I 74 85 H3E 1] -

GO S F B MNKELMAE  reflect. Stringleader  H5E X:

type StringHeader struct {
Data uintptr
Len int

TP G P AME BHR: BRI NRE T, BN TERHR N TENNKE. AR SR
K, LR AR E RS E  reflect. StringHeader  Z5MMAKINEHIFRE, HASW MKEFZTHANE R . fEaiT
BEH—F4ER [2]string FRHBHANNHRZELEMA - [2]reflect. StringHeader XN [JE)Z &M 2&—FE), W]
LB 55 B BB E— AN SR .

FATATLLE G 745 5 “Hello, world" A S 5 i 1) 4 £ 45 4 «

hello, world

L n e v v e  J Jwfofrftfaf.]
: ’
T | |
I
hello, world hello world

K 1-8 F1 i

SrAr AT AR EL, “Hello, world” 54 i & 2= Bin Al LR B4 58 4 — 50

var data = [... ]byte{
T e R ) , w, o, r, L', d,

TR BRI, ARSI R B, AFEGCE R T] R JR)ZE B i 15— B 78l (RO A 2 R, AR 74
5 THIMEL B0 WX ) — NP D

s := "hello, world”
hello := s[:5]
world := s[7:]

sl := "hello, world”[:5]
s2 := "hello, world”[7:]

TR REARML, NER len  HRECRFEIFHFHREAKE. WATLLUE  reflect. StringHeader S5 i) 74 5 K
OX B FURN T BURFRHR S0, FHARMERMEL -

~
N

fmt. Println(“len(s) :”, (¥reflect.StringHeader) (unsafe. Pointer (&s)). Len)
fmt. Println(“len(sl) :”, Ckreflect.StringHeader) (unsafe. Pointer (&sl1)). Len)
fmt. Println(“len(s2) :”, (*reflect.Stringleader) (unsafe. Pointer (&s2)). Len)

G O
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Bl AR

RIEGOIE ML, Goif &M CHH 2 RHUTF8wIY . Kk, GoiiSCf: i i BLR 74 5 T B — At 2 UTF84m L (Xt
TR, MEATXARED o IERIGoFFF RIS, FRATT— AR & B 445 H X L& — N AR I UTF84uti M =455 /7 41l . mI LA
FNER  print  JHKEEEEL fmt. Print  PRECEAESTEN, HATLLH  for range  IH¥FHE R T UTFSMRL 5
Unicodefid i

T “Hello, tF " R8s sh & 1 rh S04, a7 DU I ST BV By 3 15 SRR BT 7 B2 0 I8 ) s -

fmt. Printf (“%#v\n”, [lbyte("Hello, tH5"))

LR ESE P

[Ibyte {0x48, 0x65, 0x6c, 0x6c, 0x6f, 0x2c, 0x20, Oxe4, Oxb8, 0x96, Oxe7, \
0x95, 0x8c}

SR IL  Oxed, 0xb8, 0x96  XfRirsc“ft”, 0xe7, 0x95, 0x8c  XFRIAISC“F”. FATH AT AIEFFF R B
5 UTF8Sm i 5 (K8 GO 43 ASCIRG, 7T LA tH I 2 735 245D .

fmt. Println (" \xe4\xb8\x96") // #JHI: (lf
fmt. Println ("\xe7\x95\x8¢c”) // #THI:

TIEER T “Hello, 5" 545 Hr ) N A2 45 141 A

K 1-9 F13 A f=

GO 2 15 Kt T DI MFE R 0 b 74501, T LB A R UTF 8 R 1 T 23 BRGS0 Rl — R
UTFBGHISHIN, 144 M BIHIUNICode R UFFFD’, BN (E /R K P th 1 S TSR AT R KB, 2 Btz A
RN R AR EARREERETAR, R A E G0 e

AR, TSR 1 RS R S, B RS ST EON @, A S R, S
T (¥ “abe” AR AT LLIE R ST BN CRE RGBS AN 2 1) J5 3 BUE UTF84m il I IR 5 Rt 2 —) o

fmt. Print1n (“\xe4\x00\x00\xe7\x95\x8cabc”) // @ labc

T | for range | ISFUEA G IRIMUTFSFAERIT, 55 SRHI0M A =7 W RARUAMILIRE], ISR
LR 10:

for i, ¢ := range "\xe4\x00\x00\xe7\x95\x8cabc” {
fmt. Println(i, c)

}

// 0 65533 //

10

\uFFFD, X157 €

/720

/3 30028
/ ) 97

// 7 98
/8 99 // ¢

WERAEARIBUTRS 75, AR B L An i) 791, WL sl iy [byte SRS AT (X B H#H
— AL EIBATIR I -
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for i, ¢ := range []byte ("t 5tabc”) {
fmt. Println(i, c)
t

SR IE G TR 7 2 P 7 47 85 107 T B

const s = “\xe4\x00\x00\xe7\x95\x8cabc”
for i := 0; i < len(s); it+ {

fmt. Printf ("%d %x\n”, i, sl[i])
}

GoifiFkr I for range  IRVEXTUTF8 AT IR THRFIASCFRAN, IEXI FRFEM [Jrune  FERFM L EHILH 1 RFIR
S

fmt. Printf ("%#v\n”, [Jrune ("tH5")) // []int32{19990, 30028}
fmt. Printf ("%#v\n”, string([Jrune{ #’, 5 })) // i}

M ERARRS R ARAE, BATTUURIL  rune  HSu2  [lint32 KA, XER rune R int32 KA
s, IR EFE LA, rune  HTERARFAUnicodefit i, Hul A 7214 bitfi.

FAFHRAR R BREI A E 2 e B [Dbyte A [Irune WAL, MAMELHASRRERR & EH BN,
RN ENRE N AL 0m) o ARFRFEM [Jrune  RIRARZEHNRIE 28, KON RIX AR
TR BRI IR Z NP B — B BAREAUREX M [byte A1 [1int32  FRARSEA AR N IR
JRis DRI A 46 ] i e o T 0TGN AR IR e

T A DY AR T SR G Ol 35068 377 £ P9 LN — B4 A, SR R A1 () AR 0 4 I 1] 52 2% S 2 [ 2 2% P 00 2 A I Dl
/N

for range  XTFRFE IR ACHID LI

func forOnString(s string, forBody func(i int, r rune)) {
for i := 0; len(s) > 0; {
r, size := utf8.DecodeRunelnString(s)
forBody (i, r)
s = s[size:]
i += size

for range  ISRFRFHER, FIFL—PUnicodeF i, RN for  JEINME, BEHIRNHILIFA S SBOLNE
1k,

[Ibyte(s)  #EHBDLH

func str2bytes(s string) []byte {
p := make([]byte, len(s))
for i :=0; i < len(s); i++ {

e o= sl
plil = ¢
}
return p

BEU SO B T — IR, R AT B B ALE — E R T IR b, RO T ORIE TR R SR S R, AR T AT
iy [byte W, WRFEHE AR R IFA PASTUNTE, g% T RE 2 BLEIR [l JE AR 1 7R o5 0T 87 FR)JEE 2 208k -
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Bl AR

string (bytes) — BEAHILI

func bytes2str(s [Jbyte) (p string) {
data := make([]byte, len(s))
for i, ¢ := range s {
datali] = ¢
t

hdr := (kreflect.StringHeader) (unsafe. Pointer (&p))
hdr.Data = uintptr (unsafe. Pointer (&datal[0]))
hdr. Len = len(s)

return p

KAGoilE & I A iR W, Tovk B RG2S A R . ZER el il unsafe LRI T 45 H
R R B i, SRR RS — IR 7 b, RRERGR N T RRE AT B R AN Z )R RIS . R
PR e e ar W R gRR [byte  RUREBIFASRAEARA, RiFSTRESEERET  [byte  WEMEIWE
TR

[rune(s)  FHHARH LI

func str2runes(s string) []runef{
var p []int32
for len(s)>0 {
r, size:=utf8. DecodeRuneInString (s)
p=append (p, int32(r))
s=s[size:]
}

return [Jrune (p)

RUNEENTF G 2R, PSR [Jrune  WHEHLRSSEER 2R rune  WAFEIE], SRS KIS IF RG0S
S Unicodet M i » XA i 0 F ANTE A8 R T 52 21 0 545 5 A 3100 A FROAR AL 2

string(runes)  #EEAEI LI

func runes2string(s []int32) string {
var p []byte
buf := make([]byte, 3)
for , r := range s {
n := utf8. EncodeRune (buf, r)
p = append(p, buf[:n]...)
t

return string(p)
[ A R 2 A S R R 22 5 [Jrune  BIFFFH AL IR 2 SEE IS 74P o IXPPaimi) F 4t A A AT T2 2
PRI AG T B o
1.3.3 Y]k (slice)

Ay fdtisd, DDt — PRI BN AR . BUONBIAS BRI BER AN 52, DR A E B AR R s AN RE R SRR LR 40 1
B BRA G ENIR s, (BB R RBEAE AR AGE RE, BRI EGo IS th B M FE AL o 0y s A5 A7 2
Z, BLED] R R BTSN GORE R R L & HiRE

BAVRBEEVI G HE L, reflect. SliceHeader
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type SliceHeader struct {
Data uintptr
Len int
Cap int

W UE IR BT MGo P AT dig —Fei), (ERAZ 7 —A  Cap  JRRAFRUIFIREM A2 BIRRRE R (X
TR, MARFNHD . FERZ  x := [0int{2,3,5,7,11) Ay := x[1:3] BRI RLTALAEER

ptr len 5 cap 5 [lint

I I .
i i !
l l :
D T R T e >
\J

2 3 5 7 11 [Slint

A

ptr len 2 cap 4 [lint

A 1-10 V) )i

LFAE B VIR E L7 5K

var (
a [Jint nilPJf, Hl nil FH5E, —HRRZ R —INFERIY A
b = [lint{} FOIA, M onil P, —RIARE R —NEHIES
c = [lint{1, 2, 3} EHG,  lenfillcap#Bms
d=cl:2] GU15, len’2, capiy3
e = c[0:2:cap(c)] , len &2, caph3
f =c[:0] , len X0, cap¥3
g = make([]int, 3) r, lenfllcap#F 93
h = make([]int, 2, 3) r, lenX2, cap¥3
i = make([]int, 0, 3) 7, len X0, cap¥3
)

A, WER  len REREIDINPFABOCRMEKE, NWEK  cap  HRECREIVIARRADN, HEOIOKFEE
FUDAIKE. L@ reflect. Sliceleader  Z5WUGMVI A MEE CRUEN T WY IZ5H, FEARHERERIL
P o PIAATUA nil  3HMTHE, RASUITRBEIRREOA SN A Sy il EEEDIARKE SRS R
PR . wmRA U MK EERTRE A, HERKEMAERANOMEN, WAV A ARG CEEHIR T (thanEHHm
if  reflect.SliceHeader HY  unsafe  GXYIF/E T AIEFMMBED .

3 3 50 Py 169 75 AN 3t 1 2H 1) 75 G

for i := range a {
fmt. Printf (“al%d]: %d\n”, i, alil)
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}
for i, v := range b {
fmt. Printf (“b[%d]: %d\n”, i, v)
}
for i := 0; i < len(c); it+ {
fmt. Printf (“c[%d]: %d\n”, i, c[il)
}

SRR T W24, RERVIA PR EEBARIRE . KRS EA ARG, YR 7 76 R s BORME s Azl
T FE . FEXH A A B B S B i, B e B IR E 7 s, R E R A S5 B

(  reflect.SliceHeader ) , HASEHIKZIEIE. WTRE, ABANERXAFAZE, DRAFREHKEFETLX, R
TR A RIS AL 6 3 A B U R ¥k AR TR ) 2 2L

IR, VDR R R R RS0, R YT R RS B TS VIR ARV 248, dmYlER . MERD) T
FRARE Y Ak B 22 R Y 1A R

Yl ER

WERZHKE  append  WLETIAHEREM N AJCEK:

var a []int

a = append(a, 1) /B ICE

a = append(a, 1, 2, 3) EmMENTE FE5METH
a = append(a, [Jint{1,2,3}...) // BI—"0IA, Uk w2

AL BRI, EREALHERLT, append AT & SECEH M BCAAT, AT BE T BRI AAE 2 RO A i Bl AX
o MMERERL, HORTEEHN  append  REMRIVEREH A AT, DOV FKECLRE T2,

B TAEDI R BREGE, IRATE AT AAE T A ISk i K

var a = []int{l, 2, 3}
a = append ([]int {0}, a...) /) BEFELAIA L3
a = append ([1int{-3,-2,-1}, a...) // &IFLIEMIN U

FETF Sk — 2 SN ER 2B, 1 H S SROARCREMER 1K B, WU IR E MR it — R R
IRIBIMICRIEREZRZE .

BT append  ERECREIFOUIF, e w SRR ATTLLEZ A append  HRAEALEER, SCBUAEVI R
HATCR:

var a []int
a = append(al[:i], append([Jlint{x}, al[i:]...)...) /) FEETI ML E A X
a = append(al:i], append([1int{1,2,3}, ali:1...)...) // i MiEWHAUIF

FABIERAER I A append A BIE MRV, i aliz]  WAEERIZEQIENVIF, SRR
RN FEmE al:i]

LM copy Al append  ZHA T LA G G TR R IS )R, [RVREAS S8 OIS N TC 3R R A«

a = append(a, 0) /) ORI A A
copy(ali+l:], ali:]) [i:]/EEsn1M M &

ali] = x /R E TSI TG 2

H—%  append  HITHRUIFHIKE, NERARCRELEE. H 74 copy BN EEHAMEITRZ HKIICRA
JEIREN— ML E . H A SO TR I O A IR B R AL . #RAEIE R BAR T 7 — o, (ER AR ELRTI T, AT A
o [A) GZE R IIO
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M copy A append A& HET LASKHUAE P AL E AR LA TOR (RN A T):

a = append(a, x...) /) Rx ORGSR 55 ]
copy(alitlen(x):1, ali:1) // ali:]F/EEz)len (x) M E

copy(ali:], x) /) RO

THEACHR, 583 R RN, 3R # TR E R ReA . SeH R TR N E RSN T3 R IR
H, append  AFURMT@EICRMARY AR, § R ERZAZE  append B DREIEA

ok

Mg R TR

MR E R TR AL A =R oL AT EMIER, bR ACE MR, ARSI b BRI R i e 2 e bk

a = [Jint{1, 2, 3}
a=al:len(a)-1] // MIEREHHINILR
a =al:len(@-N] // MEREHMNDILER

MR SR 1 Ie 3R 7T A B RS sh B fa -

= [Jint{1, 2, 3}
all:1 // MERFFRIANTLER
alN:1 // MIBRTFSRNASTLZR

a
a
a

MERIT ) Te R r] LA S Bt 35T, (R A5 T OB 0 T kR85 WTRAH append  JRMISER (Uil B 52 R i3 7
JEA R B BTN XTI N SRR, A2 S EUA AR B RS IIARAE)

a = [lint{1, 2, 3}
a = append(al:0], al[l:]...) // MBI KINIEER
a = append(al:0], a[N:]...) // MIBRFFKNITCER

WATBLH copy  FERMIERITRIIICER:

a = [lint{1, 2, 3}
a =al:copy(a, all:1] // MERFFKIANTE
a = al:copy(a, a[N:1)1 // BBERFKNSTTEHR

XEFMIER PR e, FEXRRIICRIAT — SRS, FFFEATEUA append 20 copy  JHUHBTERK:

a = [Jint{l, 2, 3, ...}

a = append(al:i], ali+l:]...) // MHBRHIEIANIGER
a = append(al:i], ali+N:]...) // MEHEINDNITE

a = al:itcopy(ali:], ali+l:1)] // MEFEIATE
a = al:itcopy(ali:], alitN:1)] // MIER-FENASGE

TS PR 703 R 53 e 1 14 7 2 AT T ADA N A M P T T 3R R R PR R IR D

P WSS

TEATF MBS TATR BSR40 [0]int M8, FHEH—RIRDH B LT Uk

B, len Jy 0 fHZ cap FEAN 0 MUIAMRIEFEARHKSE. 2%, R len M cap H

N0 BEE, WAERAEIEREDR, BARTIHEAR A nil EEUT. R AT RS N, ol
o len  ZREUIAROKEERAMN, —BURAEVIAAT nil  (EMEERAEE.
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ELAnRTER)  TrimSpace  MEUHTMIER  [byte  TRIZERS. RABCEIURH T ORI R, SeBlm 2an B .

func TrimSpace(s []byte) [Ibyte {
b := s[:0]
for , x := range s {
if x 1=7 7 {
b = append (b, x)
}
}

return b

FLSSABL AR o 308 2% e B A 5 D7) R T 3R B0 3 AT LR PSR U5 SRAE B (DR D2 ISR Bt A & B A7 AN R D

func Filter(s []byte, fn func(x byte) bool) []byte {
b := s[:0]
for , x := range s {
if !fn(x) |
b = append(b, x)
}
}

return b

DI R e M B RN ek, REARIE append  #RIEAZHEN cap  MAER, R AFF I ECHIK
HONEFIR 7 L NAF R AN

B R MR

WIRTE T, D) BE IR A TR R R . 2 MBSO AE A, HEIE ARG . ERA TR R A —
AINEITAAE S| T S BUR)Z BE B AE T A T IR IR 2B IR | Bl A A7 S s o e S22 A o 1T

B, FindPhoneNumber — PEUINEREBEAN B NAE, REIERE N HBARIE S35, H)ngi R R 77 Xz bl

func FindPhoneNumber (filename string) []byte {
b, := ioutil.ReadFile (filename)
return regexp. MustCompile (“[0-9]+”).Find(b)

RBARGRI [Ibyte  FRFARIFEASTIFIEAL. BOSTIR IR TS EAL, S BUA SbR s A RE LI RSO
SRR ] — AN R T R G S0 EACI ) AT AN SO Bl o X BARIX A RAR GRS B 77, (BT RE S
12 RGN BB RE -

FAESTXAN N, T DL OGBS B AR A T (SRR B R GolB S e M %, BIMEEA eI
i, AHRAR R b NI 1o SRR B IR ) -

func FindPhoneNumber (filename string) []byte {
b,  := ioutil.ReadFile(filename)
b = regexp. MustCompile (" [0-9]+"). Find (b)
return append ([Ibyte{}, b...)

LI, AERNER DT R LRI AT RE B B BT AR IR B A MR AR R I TEER S, HMIBR 1T 3 MR
VLR SR JRHLAL S, T BN RE A I 4 8 B3 [l ficts el iie. R 0 Il i s 10 sl 20
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B TR A

var a [J*int{ ... }

a = al[:len(a)-1] // WMIBRHG R T — P ICF IR T, AT RE-FELCCHEAF R 7

REE 7 RS R A SN TCR BBy nil , GRIE B B IS T ORI B Rt 5, SRS FEEEAT U O
Ffed

var a [J*int{ ... }
allen(a)-1] = nil // GClA R G — It EANIE
a = al:len(a)-1] // MUAMERIE—1GE

IR, WERVIA AR RIS R, w] DA 20 R A B ) s RN ISR A B 28] LA GCIRI LT, U1 F X 37 )
NTLER H AR AT B RIS T

PRSIt s

N A, AEATIAEE OT M Y KRBERV A REAFR, Goili 52 0k BHMA ., Nl
BT, AR RN A8 B A R —— A DL AL g AL 2 e TS P RE . LL eG4 R b, FREXN—

A [floated  Yijy AT mdiflire, BATTLemss N Dint  BHEDIA, S5 UBHR I (i (3

N float64  JHAGIEEET7SAVE RUBbRERFIE, 435 U HUH N AT S R R T .

THAREEE AR [(Ifloaté4  KAMYIFHEAHA  [Tint  ERWYIF:

// +build amd64 arm64
import “sort”
var a = [|float64{4, 2, 5, 7, 2, 1, 88, 1}

func SortFloat64FastVl(a []float64) f{
/) BRI e
var b []int = ((*[1 << 20]int) (unsafe. Pointer (&a[0]))) [:len(a) :cap(a)]

// Plint Irz(45 float6474/F
sort. Ints (b)
}

func SortFloat64FastV2(a []float64) {
// il reflect. SliceHeader HHY] A ke B L H ##:
var c¢ []int
alldr := (kreflect.SliceHeader) (unsafe. Pointer (&a))
clHdr := (#reflect.Sliceleader) (unsafe.Pointer (&c))
*kcHdr = *aHdr

/7 Blint 745 float64HE/F
sort. Ints(c)

S5 — i ] e 2 SR U i BT AR Uk e 0 9 — N BOR BT B, AR5 0 B 2L R B B R B O (D) e et ool
% unsafe.Pointer  KIEEMMAFRHMIREMLH . HEERME, GoiliF I i AE0 /N MK AT T
2GB, AU AR EH e R IR RN RS AR RO ¢ [Juint8 5 K2GB, [Juintl6 % K1GB, LA
BegHE, ER [struct{}  HAKKEWLLEE2GB) .

BRI A B S S ORISR R B R D) R S A5 B, AT TSR D) SRS R R A xt
Bi  reflect.SliceHeader &My, MRJGEIERAM AT RAEHRIAEE, NLBl o XWRK [Ifloatés 1
FE ¢ xR [Dint A .

AN, BATTLULBH  sort. Ints WA [lint  HFRIPEREZLLH]  sort. Float6ds  HEFFRIMERE
Ui AT EERNZ, RATNEATHIAR R ZAIE  [Ifloat6d kA NaNAIINFEE AR IE A9 B (IR ik
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TNaNATTH T, IEOMGOMSE, (FARETERAIXEEIE) .
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R, iR

1.4 J¥. FEAEQ

PRER A A, R IEALLRTTER . Goili 5 IR AU A 4 270 B A B oo T B e 8, 2 A0
B —FRi ], AL R LTI R T AR E R P A RN A 1 LR, PR R O G AR S AL TR SR E B
— A HRBR R R R E, GOIE S A M o AT TR, W AITE G B AR E o B8 LT NS, IR KT
TIEATI R O B, R PO R 5 VA RIS AT IS S IRE 1. Goils 5 il I B aChe LWL S Il 5 0~ [ 0 G,

GolE ERFMYHAMAPIT BN main.main  MEOFHK. EREE  main QA THERL, WAL S S
Mog#  main GHE CXESNRFRABEALIL — BT e U4 BB AR 4 777 R IRT 2D o IR A
WL R FANIIE, EPATHIRR A S SR DDA, GREESATHRERE, Wk Reraa sk, %
SRRV X AR R R, AR init AL WRAEEZA init REURIE, AT AR E X
(SEBUFTREA A2 BT D), [R— N SCER 2 A dinit RZRCABBIRIS G ¢ init ASREERE,

WLUE XA ZA, IrUEARBITEREBHAD « &5, 2 main  GREELENE. TEEIEMYIRLTER, I

H o init  RERSUTE, ASEAN S mainmain  BREL BRFITRIERERAT. T EEGORE B EUR SRR B A

main pkgl pkg2 pkg3
—p| importpkgl |[---9| importpkg2z |---9| importpkg3 |[---p cohst
i i i i
| ] | |
\J \J \j \J
const 4-, const 4-, const <4 ~ var
| I ] | | | !
i i i i i i i
v : v ! \/ ; \
var : var : var i imit()
: ! : : : l !
| " | e e !
init() : init8 i init()
| ! init ! T
i 3 ' |
\/ | g !
main() e

K 1-11 By/attnrE

FEREMNE, £ mainomain  BREPT Z 00 BT ARESERIZ AT 7E A — N goroutine, tHELERT IR KRG, Kk, QiR
A init KA EE T A B T goroutine fiE, #riigoroutine AATEHEN  main.main  BEZJEA AT RE
AT EI.

1.4.1 &%

LGOI H Y, BRBUEE R, AT CUR R B R B p . RS B REY 20y, WP e R A
HARBOE L 2 BB — AR, 2908, Goili i th N RALE W LI H ik, Tk st s ) —Fir.

SR
func Add(a, b int) int {
return atb

}

15 % A
var Add = func(a, b int) int {
return atb

}
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GOl & THIRET UL Z SN L AR INME,  ZHONIR MUE A AR 77 ORI 5 Al . AEiRTE b, sRBOE SR
AR S, WABR NS ELAUE RS IS, TARBENSHOL S M RS

/) ZNSHFIZ AR EE
func Swap(a, b int) (int, int) {
return b, a

}

VIR S8 /e 24
// more X/

[Jint GJHHH
func Sum(a int, more

...int) int {
for , v

:= range more {
a t=v

}

return a

ERIE'E 5ot i RESUI PN LV Pty iR R S Eaas S NETHIEAE S

func main() {

var a = []interface{} {123, “abc”}

Print(a...) // 123 abc

Print(a)  // [123 abc]
}

func Print(a ... interface{}) {
fmt. Println(a...)

}

E—A Print  FAAREANSER  a.. , ZLWHTEBREM Print(123
ANIJERMBEK  a  , ST EBRA

, 7abc”) . HIA
Print ([Jinterface{} {123, “abc”})

Print AL

AMLRE IS HOTUAT 445, 0] LA R IR M E A 44«

func Find(m map[int]int, key int) (value int, ok bool) {
value, ok = m[key]
return

WRIREMEG 4 T, ATLURE A oREMOREME, HATLUEE  defer  iBAAE return  IEHA)ZJEEEUR FH:
func Inc() (v int) {

defer func() { v++ } O

return 42

}
Hrp o defer  BAJEIRPAT T —MEZ KRB, BN AE L BB IR TSR R E v, Ry
P o PR SR 1 S AR F J AN A AR 75 Q5 i), i AS | R 77 S 1)

P 73k 51 R 7 0 Il AR AR B IRAT N Tl R 2 S B0— R B 5 (19 )
func main() {
for i :=0; i < 3; i++ {

defer func() { println(i) } 0
}
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}

// Output:
/)3

2
2
I

BOWRME, £ for EMIEAT, G4 defer  IEERERHATHIREBGI HMEZER A 1 AR, EIERG
FERXAAERMIE N3, PR 23,

BEN BRI T D defer  BEUZERIATINA S . BT LA R pRh5 K

func main() {
for i :=0; i < 3; i++ {
i =1 /) EX— G a2 L
defer func() { println(i) } 0

}

func main() {
for i :=0; i < 3; i++ {
/) LR AEN
// defer 1HE]&L FXliEHSH K1
defer func(i int) { println(i) } (i)

B PP BRI E AR R, RXREREN defer  TEAM MR EUHIRAOER AR RS R, XA
AR SEEARI AOE o 55 5 SO RS A B i P G s B S 8 N defer BRI EXFHMIZECRIE. PIFTR
HRFTTAER . Ad—Bokyt, £ for  EMAHEPUT  defer  FAIFFAZL MM, BALSCAZRE], AL
M.

Goifi &, WURUTI R NS EAH B, A INR S N —FSHCR M AL 5 7 SRR . S ERR A B8 A B mT A2
BAE NIV IITCER . Hesk, ARTR] LS S EUE O 280 T, #0222 B o sl U N T 1R824
BRI H0 S B (B A LT S A A S0 B S5 4 P 351 (K03 A% AL, 8000 R 5 20D o 7 5 A U o R BT N 7 77 R I T S5
WARAE, ERIEAUEGIR R RN E. KRS ELL reflect. SliceHeader  ZEMIPRRRLF EEAR Y]
FAB I LT

func twice(x []int) {

for i := range x {
x[i] *= 2
}
}
type IntSliceHeader struct {
Data []int
Len int
Cap int

}

func twice(x IntSliceHeader) {
for i := 0; i < x.Len; it+ {
x.Datal[i] *= 2
}

PR A0 vl 0 e S B L e e B e CR B A (FR BT A B AR R ARAELIN) s (B AR 150 AR AT A (R — 3 O i), ol AR R
FEA] OB R EHE D i 25000 b 8 . BR 7B 24, DR S s T TR KEMUT A A RS E, X2ME Btk
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PREL. kAR

fiif. WABEERECIEET | Len B | Cap | EEMOIE, MIEHRBBRM ST, KRR B R
SR 50T 2 A DI o KRyl B append | AALESEIE AN HIRIK.

Goifim, REULTTLLEEE A B O, e SRR A . Goifi & ek Bt VT 1 F IR BEZ A B A R, R 50
fRR AN 2 tH B AR A, NGOl 5 IS AT I 2 M 22 A i 2 e BRI R/ o B3P goroutinedl A B A £ 73 FR AR/
otk (4si8KB, HARMMSCHD » MRASTH EA BRI KD, HECKA LUABIGBYL (RAAARSIL, (£ H AT S, 32
Pk 4546 9250MB, 6407 18 R 45 N1GB) o 1EGOL.4LLAT, GofzhA R 2 7 B sh sk, @it R —4
BERRSEILEN R, FAEERK T NTFAL B AR A . (E R BEAR S A B 2 L G B0 BB 2 AN R R K A4
PR RERZRAECR,  ONAR SR IR S s e NI AR AL B — AR AT ARIN, X 23 I CPU R 2277 h AR MUK LA T oA
RHHIKCPUZEA fir PR i, Gol.42 Ja ek HIMESE NN SRS, e R — NSRS S E AL I G R Tm . A
ZAHARA R TR MOES AT, L AT R R S B I AR A, X & REC AT R A A E R bk
KA. BIRGOIR F I TN 2 B A EH 51 1] TR (RS e, HREZR— fUL Z Y A GoIR & TR AL [ E
AR (BEIEAREBE AR R BB R B, Goth 5 MM bkt A REbE & ff A7 BIATEGCEE M KA i b, R L i FH CG O
AREECIE F P HIRA Gotli 5 X RAHHD .

K, Goif & BB BB N, FrbhEEGore fr i AR/ T E AR MZ AT ALK . /EGoTE & MG P FE B MUK
A UFBIR AN RIEE . FRATITCIE NI bR 2 S Bl =) AR 1 B e RAFAE AR I M e, JRATT I BT e AT T RENS 1L T AT
LAY . B&E RN

func f(x int) *int {
return &x

}

func g() int {
x = new(int)
return *x

HARBEGR I T RSB R A —— AR AT B, ORISR S BR EAEAR L ROTE, BRI ]2 AR e o
BT, RER b AR R R T . (AR GOE F M R RLSATIN LRI I 2, & S BRI R 4 1) A AR AE B Y
o BOARE, WEEREA new  BREEVET  xint  BBIMHREN R, (ERIRAARE ERERIEER R T
C/C++ZiPE 200 RE PP 5 7 2L R 52 . A0 Gotl & PR BUHRIHER [, 9 B AR MUSAT I S BA I E s R AN 248
AR EAE A LB A [ E AR, SRETBEIN AT RE R0, RR AR AR AR AN 2 e A A R IR A

1.4.2 5k

Tk RO A R RE(OOP) i —NReIE,  FECH+15F & 500 I — A0 R R B 2 RIBEE B AR BB B
. (HAEGOIR & I AR SRR BIZRAYA, S TT LACEG PRI B e O L RIS IR e . AN D R AVREFE 2 7 ok 3k
JERPEXS R BT, SRR AR R AN B B R AR B, A BT AR T o T R X S A (OOP) HEN
TR AT BN CH+ITERR), CH++ a2 fEHE CIlt & R AL 2 1 30H 1 class& i Xt R g5k, RS javadi el =
PR AR 0 B8 5 BObJavarh MU AN BEROI AR, A BB L R 2 I8 T AN

T T 0f SR g e 5 22 1A Ik — AR, AR S PR SRR I R0 SR R O 35 PO e T BRI L BE = oh T2 Golfi s
HAECHE & B — AN SRR RIS S, (R CHE S AObRAEEE T A File A S R Hoth 20 1 1T 3 SR 8 A . NIl
AT — L CIE F KM HIFilerd 2

) EXTR
type File struct {
fd int
t

/I

func OpenFile(name string) (f *File, err error) f{

}

/) KX AF
func CloseFile(f #File) error {
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func ReadFile(f *File, offset int64, data []byte) int {

}

Hr OpenFile  KMAISREUN THIIFSCX %, CloseFile MU EUNTRICMHNE,  ReadFile NI
RSB A REL R EARE AR CloseFile Ml ReadFile  fENMIEM%L, 75E 5 AL AT
YR, AL CloseFile Ml ReadFile  BREIURENT  File  ZEAURSGNHERA, XN BATH A B SR K
BAEX R IR B R EE— L.

GOl EH k&, ¥  CloseFile M ReadFile  MELMH—ASERE B KE 4 HF k-

/) KA
func (f #File) CloseFile() error {

}

/) XA
func (f #File) ReadFile(offset int64, data []byte) int f{

}

IXFE I, CloseFile 1 ReadFile M¥UBKT  File HREIMHEHRINET (AR File XN%5HE . &
AR S HEHER T 4T3, RN File  BROZLBH 7 EAHRENSR, K347 — iRk
N Close f1  Read

/) KA
func (f #File) Close() error f{

}

) XA
func (f *File) Read(offset int64, data []byte) int {

}

DRSS ER R KBTI, WRSALE B2 IR, ERMGETZMEKE, Goifi s Catdt N
XPREFHIATIN T o FATAT DL ATAT 52 SR IN— AR T7ide IS N ) 7 b AN S 2 F 5 SCAE R — M
BRI int KRN EIARININER (BONIHER E MBI E IAE D o W T4eEretl, 704
{4 7 L AR ME— 1K), RN TP R R AN SRR EL AR

Jride R BUEARK, RO R R 5 — S RSB B T e AT 7T S PR FRATIR AR T LA R A e A A A
KA T JIE U 320k AR RF I T DUKE 5 30008 S N e 2 R ) R 4

/) FRABLENI LA R
// func CloseFile(f *File) error
var CloseFile = (¥File).Close

/7 ICREEAE RIS AEXT R
// func ReadFile (f *File, offset int64, data []byte) int
var ReadFile = (*File).Read

/) AL EE
f,  := OpenFile(“foo. dat”)
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ReadFile(f, 0, data)
CloseFile (f)

RIS G — 43R il Read  BREU—4eM4l, SRJ5MH] Close  SeMl. BERAIEREEH, F3EAIL
PRUEST R, HSEREWE@AN  Read M Close ATHELATLAT o ARTEFERER S, FHEE

i) ReadFile Ml  CloseFile MHSHHEAE File XMEFHMRESH, XMHH  File  MRIITIELIEM
HEAR  File FAARFEAME  Read MM Close  JFEEMIXN RICLEERT . X/ AEAEAE A IGoIE S YK,

PATAT R S A R R R R IA P S AN S E R

/) B IR
f,  := OpenFile("foo. dat”)

) WERT £ W
/ func Close() error

var Close = func() error {
return (*File).Close (f)
}

S GERT £ R

// func Read(offset int64, data [/byte) int

var Read = func(offset int64, data []byte) int {
return (xFile).Read(f, offset, data)

}

) AL EE
Read (0, data)
Close()

X NI iR AR B AR U ) 8 o FRATT R D VA R mT DA AL S
/) FBHIFX AT SR
f, _ := OpenFile("foo. dat”)
/) T BEET R

// func Close() error

var Close = f.Close

/) Tk FER T £ R
// func Read(offset int64, data [Jbyte) int
var Read = f.Read

/) AL PR

Read (0, data)
Close ()

GOif 5 AN SRR GEI IR0 R 4R AR R, 10 DB R I H & 75 20SCRR 7 IOEI kK. Golli &, Il e M AN B4
{10 8 G SR SE I AR 7K -

import “image/color”
type Point struct{ X, Y float64 }
type ColoredPoint struct {

Point
Color color. RGBA
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BARBATATLE  ColoredPoint & SUN—MH =ANFEBIM FAMBIS A, (H2RATZER  Point A
F|  ColoredPoint  R#ft X A Y  XHEANTE.

var cp ColoredPoint

cp.X = 1

fmt. Println(cp. Point.X) // 717
cp. Point. Y = 2

fmt. Println(cp.Y) /) 2"

RTINSO FRATA AT A AR B 44 R 03 FO PN AR Dt T EL T A2 AR A4 Fl DA ST Tt I AR 53 . RATT— R 2 Point
FH1EHE, fColoredPointE {F2 &Ik ARk 138 AR5 AR 535 IF A RESEBLCH + B R BN 2 5k o T A 2K
HRRIVTTE I FRNCE SRR AL R A S, TASE TR .

type Cache struct f{
m map[string]string
sync. Mutex

}

func (p *Cache) Lookup(key string) string {
p. Lock ()
defer p.Unlock ()

return p. m[key]

Cache  ZEMJRRALET RN —NELR  sync. Mutex  SR4E/K'ER) Lock A1 Unlock  J7ik. {HAZTEWH
H p.Lock() 1 p.Unlock() K, p  FHARE  Lock Al Unlock  JiEHIEIEEWCE, ALK ENEIT
N p.Mutex.Lock() A1 p.Mutex.Unlock()  VAH. XM @IT MY, A BT

TEALGERITH A0 R 5 (eg.C++kJava) k&, TRIGTEZRAEIBATIN B0 E BT G, SRRV AE 5
9 this  ATREAEEESIRAL MR G, IXAREE S S EERIINEGAT R E k. LGOI F il i N\ A4 i B ok
“HRAR"INEEITTE, this  WURSEHLIZINERMRAEIN R, GOl & 7 idue g PN TSR e ). R 2 s B 22 5%
P, JRA TR EE A B Gotl & 3 ok S

1.4.3 #0

Goifi & 2 *Rob Pike ¥ iid —H) 4 5 AL B G CRAT N AIIE 5 e H OB R T |G S (Languages that try to
disallow idiocy become themselves idiotic) . — M A%AEE S A FH ™R KRG, XGPSR RN SR
FRERE R AR5, (HR, o T EIRH R G 8 AOS BB, 1R U KPR TS 30 IR 20 7 T Mg
PSR 4. Goil F LR P R BEAE 2 &R RGO gn AR 2 (R B — AP BRI AL AR (A A A RIS, S 2%
RIS 7B SRR, HF 2 A B A I R AR 25 5

Go3% M AR e S AT NI R AT Ky DT AN 2o MR 52 B SE LA T 90 £ — e, Il S Ridih 5 (77 R 3AT T T
ALk GBI RS AN HAE R RE ST o AR 2 1 a0 R & #A ML D, (EGoil & rhii 1L IR, 2 A T 2l
AEFEASHNG 7 2RM Priiy 7IMG it HEGERHORENS 7 npER ARG, A amtal B e BEM 1. Goifi s
T 1 o st A A, B AR — AR G N B AR R D RSB, A et T Mz DA A . XA e T B
AR AR G — N7 IR 1 SR . LA I B ARSI AN ] R IR IR L S AT ()52 30, A IRATAE A A2 2ok B - A e i 4
A R A T ARG A . GOlE 5 R LSRR SEIRGRE, 7l LLSEHL R ML B B 2 5 The -

BO7EGOIE 5 R AATE, 7E“Hello world” i+, fmt. Printf  MEAOBIFt RS &R TN, SRHEIEDEE
o fmt. Fprintf  EMHSEM. HTFRREHRN error  REERNEZELORM, FCESH, printf  HALE)L
Al IR LRSS AT Ep B S b . (B2 GoiE & R IG5 MR, fmt. Fprintf  EI0] LLRATAA B 2 S it %
FTED, ATLTEN B sibrdidi . tHal DUTED 4% . B2 m] AT BN B — NSt [, 3T ED A AN R R T4
SWNEMNIERSEH, ([FEEAGE  fmt. Stringer EOMXTZREWTLLITEL, A2 fmt. Stringer  FEMKIR AT LLIE
ot RO R AR AT ER fmt. Fprintf  BRERNELWT:

func Fprintf(w io.Writer, format string, args ...interface{}) (int, error)

2% SR B RSO (www. topgoer.cn) i 4 - 39 -



PREL. iR

e do.Writer M TR, error  FENERHREL, EAIEXWF:

type io.Writer interface {
Write(p [Ibyte) (n int, err error)
}

type error interface {
Error () string

}

AT LS R E ) O B R TR RS AT R

type UpperWriter struct {
io. Writer

}

func (p *UpperWriter) Write(data []byte) (n int, err error) f{
return p. Writer. Write (bytes. ToUpper (data))

}

func main() {
fmt. Fprint1n (&UpperWriter {os. Stdout}, “hello, world”)
1

AR, FRATH AT LLE A ST B 2R SE UK A TR K S ERF R RO . TR BT ENRR 5, a0 2
T fmt.Stringer M, WERNMAXZRE)  String  J7iEIR[EIZERITE:

type UpperString string

func (s UpperString) String() string {
return strings. ToUpper (string(s))

}

type fmt.Stringer interface {
String() string
}

func main() {
fmt. Fprintln (os. Stdout, UpperString(“hello, world”))

}

Goif m o, X TIEANIEA CIHERAD ASChriaaiietl, BATLZRK A int  FEMEEERES  inted R
gk, WIEEENE int  RAERESIREE  int  BERETE LA RN R . Gotl 5 HERIZE AR ) A —Hk
SORANEGEARHE ()%, (B2 Goifs 50 T4 MUY A e 4 AR 1R 3 o X ORI 1 2 18] (R edfie s 32 10 R 12 18] P e e A T
R BRI e e W LU R A0 5

var (
a io.ReadCloser = (xos.File) (f) // Kiz(#5#%, +*os. File j#/E io. ReadCloser #£I1
b io.Reader =g FF, io. ReadCloser j#/E io. Reader %I
¢ io.Closer =5 FFE, io. ReadCloser j#/E io.Closer #[1
d io.Reader = c. (io.Reader) // BZ(##, io. Closer A#E io. Reader #[]

)

AR SR 1 2 AR RIE T, SFEERAT 72y M BRI b I8 = 2 AR R . 8 22 2 S — SRR T 1R X 482
M. tein runtime 9K Brror EHMEN T —MFEM  RuntimeBrror  J7¥k, FlFiEfpd e 28L& dhidEc
TN
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type runtime.Error interface {
error

/' RuntimeError is a no-op function but

serves to distinguish types that are run time

errors from ordinary errors: a type is a

'/ run time error if it has a RuntimeError method.

RuntimeError ()

{Eprotobufr, Message  #IWRA T RBUW I, WwE LT —MEEM ProtoMessage  , M Tl ERUTLE
FFAERL iz

type proto.Message interface {
Reset ()
String() string
ProtoMessage ()

Rk Fp s R B FohE, WiHE AL EHE 4 proto. Message IR G, HIH— MMz =248 e L
—RAE T KAWL TR THERR A AT REH AL IX AN, MRA RS TR OTEIAX BRI, KA g
FEAL A AR SE DU AR A REWE AL XA T MR testing. TB  HE U RHIZEBIIE A

type testing.TB interface {
Error (args ... interface({})
Errorf (format string, args ...interface{})

/' A private method to prevent users implementing the
interface and so future additions to it will not
// violate Go 1 compatibility.

private ()

AL LA T ESE RSN R S DU BE A A E RN T R AR AT, AN IR R AL T AT
RERCIEEE IR ORI HU, XA R AR, R R AR T LS X A R B -
FERTTHI 70— WP 3RAUER], Sl e S MR N 44 2R iR, T AR R 44 SRR Ui . LS RN A B 44 B 7 AN

ORI, WA LLRRRORA, RATTLOEEIRAE AR testing. TB EIRIFERAR  private  Trik, BA
PO R IR E, MIER  private  JVER M MR AELL,

package main

import (
” et
“testing”
)

type TB struct {
testing. TB

func (p *TB) Fatal (args ...interface{}) {
fmt. Println(”TB. Fatal disabled!”)

func main() {
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var tb testing. TB = new(TB)
th. Fatal ("Hello, playground”)

BAVEACK B SSWMARSKEIRERSII T Fatal 5k, RIS RN testing. TB A
(BCAWRL T ESH testing. TB %1%, HHZHAE  testing. TB  JEORD , SRFiEiE  testing. TB  #HECRIAM
HA1E K  Fatal ik

T RN A 4 s B 44 TR0 SOR SR AR ) R L S — Rl fg kK, FRAT kA 5 R R MY, FLIE
SEBAEIBAT IO A BN . e, FRATA UL S B — > gRPCIA 1«

type grpcPlugin struct {
*kgenerator. Generator

func (p *grpcPlugin) Name() string { return “grpc” }
func (p *grpcPlugin) Init(g *generator. Generator) {

p. Generator = g

func (p *grpcPlugin) Generatelmports (file *generator.FileDescriptor) {
if len(file.Service) == 0 {
return

p. P( import “google. golang. org/grpc” )

FiEf)  grpePlugin  BHIXT RS generate. Plugin  #1 (f£”github.com/golang/protobuf/protoc-gen-
go/generator” ) :

type Plugin interface {
// Name identifies the plugin.

Name () string

// Init is called once after data structures are built but before

// code generation begins.
Init (g *Generator)

'/ Generate produces the code generated by the plugin for this file,

except for the imports, by calling the generator’s methods
// P, In, and Out.
Generate (file *FileDescriptor)

// Generatelmports produces the import declarations for this file.

// It is called after Generate.

Generatelmports (file *FileDescriptor)

generate. Plugin X MNAY  grpcPlugin 287U GenerateImports  J7yk i) p.P(..) B0 E
i Init  BREUEANR)  generator.Generator  XTRSZHL. iIXHL)  generator.Generator NN —ANEAREA, (HiE
W generator. Generator 2% MY AYTE A TEL 2 ) AR N ELHZRI TR0

Goif il JURM T SR Rp M R 2L A, LA 2 L ST IS 7 I 1 0 SR AT R UL R S i R, B AN AL
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T i) 5 2 R A A7 A 2

1.5 THFHF R AFEE

FERI], CPUHRE B M U PAT LA TR 4. Goll & AL e Cili & I XA g R 18 5 IR . IR R 8 5 P iR ist
Froedh: PTA R4 A0S DL AT I 5 AT, AEAR IR 2045 HLAUA — A CPUTEIIF AT R IR 4

B AR B EROR I AR, LI A CASR T AR B 3 R AR R Ia AT 2R I B 2 TS, H AT+ Ah K CPUBIIR S A Bl
157 3GHZINIE . HAZCPUIA R, 2 CPUNIA R /LB, AR, RAEH 5 WOITIRE D R AT U7 1R R R -
GO & IEAE AR 2 A% A P24 AL I AR SR HEAE B SR SR IF R IO PG 5

WOLHIHAT RS SRR, FEA AR, HEMABS. WL L RE, SEBEMETHERIFRmELSM. HT24
FRIER AR AT DL H AR B 2 A% AL R ES, EIRAIRAE R MR ML T RABRI 2 L FE3CHE, AN A b k2 e Rl T
W B, P2 2R R g A A AR 8D B R A 3 L M AR 18 S R MR BB S AR v o T g AR R T B R AR
RUSCREMAALL S, Erlang il & SCREEE T BAL I R n BB AL R, SR RIBZ AL 47 . GolB F & FE T E
IRBARIME R, E T CSPRAL I R e N E B 7B & b, il —~go ekl nf LLAR 5 i 35— 4~Goroutine,
SErlang A [ 12 Gois 5 [IGoroutine 2 Al 2 S = A 771

1.5.1 GoroutinefIRZ&LRE

Goroutine/2Gotl S HHA IR, JE—Fhiz BRIZARE, HgoXFH3). EHIIGoIE T ISBld, goroutinefl &G4k
TERAE N B PR X SEhr B AR, BRI RS K T Gotl & IFRMIER A KiK.

o, B RRREREM A —MEE RN BT 2MB) 1AM 22 B A GR A7 bR 0t A T I 2 08 Ry A

o JE TR SECT AN e TR A W AR R MR AR R N ECRRIR T, RN T AAREH EE

DR 1) A 2 A U ST I R PO XU o X I PN T R D7 502 s BE ARG 2 OB, SRTH AR 5 A

HERAR IR/ DSOS IR (0 e OB VTR, (EIZ N R B R e 0. A, —Goroutine 2 LA — MM R S) (Rl g2
2KBEk4KB) , il VRS # A FECY TR A2, Goroutine 2R 4R 7 B2l A MR AEAR 10 K/ (R0 SEBIL A R 1 5 KA AT
BEIIGB) o PINEEIIHHR AN, PrUABA TR LR 5 R 30T _E 751 Goroutine.

GoMIZATH IS T IL A CIAIE S, XANABERRMEH 7 — S RFE, TU/AENMEERSLRE £ TIHZEm Goroutine.
GO 5 253 (1 AR P AZ R IR FE AR AR, (EURE IR N1 5 2% G B Go 2 /3 i I Goroutine . Goroutine R & 24 5 X
MIPMEEE, HATEMiTGoroutine K AEBLZEN 4 & SEORIE; RN RAETEH FES, 10585 2 M B A7 R U R A7 2 B 1 25 A7
s PN E L RERTFMEAE L . B A —A  runtime. GOMAXPROCS A8 &, FH T2 24711847 1E 3 P 22
Goroutinelf) RG L 2L H .

1EGOTE 5 H a3 —Goroutine MUFT I H s 3 —FE 42, 1ff H.Goroutine Z Al AU AR, X e ZAR R 1 %
GRERIRAT AR S o

1.5.2 BETF#fE

JITR AR T A R R TR D s NI LN AT RAT AR (3R . 85, AR A IR R MO0 Al — N St SR UREAT (MR A 2 S 1 1Y
5, A=W 252 A — D IF AR AHZ IR T Bl . NERIRAEER, 72 AT B EO = i, e s e s
BEVI FHZBEIRIN o SRR T 2 LRI A MR, AN R AT A T S R M O, R BRI 8 Bk mT LA 2
k.

—AEOL R, R AR AR E S RV R ARIE ), B R CPUSR S HE ALY, AR, W AR ARSI AR B 11
JRFERAE, BATTLMEBT  sync. Mutex  SRSEHN:

import (
” syne”

)

var total struct {
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sync. Mutex
value int

}

func worker (wg *sync. WaitGroup) {
defer wg. Done ()

for i :=0; i <= 100; i++ {
total. Lock ()
total. value += i
total. Unlock ()

}

func main() {
var wg sync. WaitGroup
wg. Add (2)
go worker (&wg)
go worker (&wg)
wg. Wait ()

fmt. Println(total. value)

. worker  HIEAH, ATHIE  total.value += i FIJRFHE, ALET  sync.Mutex RIS UL ZIEA)
T A — I 2 A — ARy 1o %FF 2 28RS B MR e i 5, b B R X R A7 I A R 2 L 21 . A R B IR
1, total  [EAAEN BT 2R FE 2 R SE i o] RE A IE A

I FBOR G — MBI B, RS HCRAR R o ARAERER) sync/atomic G JRFHRAERML 7R & KSR . TRl
A DA T S L TR T«

import (
”sync”
”sync/atomic”
)

var total uint64

func worker (wg *sync. WaitGroup) {
defer wg. Done ()

var i uint64
for i = 0; i <= 100; i++ {
atomic. AddUint64 (&total, i)
}
}

func main() {
var wg sync. WaitGroup
wg. Add (2)
go worker (&wg)

go worker (&wg)
wg. Wait ()

atomic. AdddUint64  BREORMOMIE T total  AYEEHR. BERTMIGRAERE — AR THRAE, R/ 2 R i A 2o 22

JR T AR ARG A5 TR BT SRR A s . TR B B I B B I T S R 2, AEVERERUE A T 7T LU
AT RO bR AL, I A P bR S AR A AR R B ROk R s P
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type singleton struct {}

var (
instance *singleton
initialized uint32
mu sync. Mutex
)

func Instance() *singleton {
if atomic.LoadUint32 (&initialized) == 1 {

return instance

mu. Lock ()
defer mu. Unlock ()

if instance == nil {
defer atomic. StoreUint32 (&initialized, 1)
instance = &singleton{}

}

return instance

S

TATAT ARG R RS e Bk, AR T ARMERE T sync. Once  HYSKT

type Once struct f
m Mutex
done uint32

func (o *0Once) Do(f func()) {
if atomic.LoadUint32 (&o. done) == 1 {

return

o.m. Lock ()
defer o.m. Unlock ()

if o.done == 0 {
defer atomic. Storelint32 (&o. done, 1)
£0

}

FF sync.Once  FEFSZELHAFRR .

var (
instance *singleton

once sync. Once

func Instance() *singleton {
once. Do (func () {
instance = &singleton{}

b

return instance
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sync/atomic  WXIEARMHLRA K Z I ZEEHIRGE TR TEAER SR, atomic. Value  JRTR G
T Load M Store  WANETIrE, AT MEMRAAESE, BEEMSEHGE  interface(} KA, RILWTEL
FITAER R B LRI,

var config atomic.Value // HAfF24piHl & 155

// VIR E (5 B
config. Store (loadConfig())

VIR =t e =R =5 7 - T Ak o =0 =R
go func() {
for {
time. Sleep (time. Second)
config. Store (loadConfig())

}
10)

for i :=0; i < 10; i++ {
go func() {
for r := range requests() {
¢ := config.Load()

0]

R — MR B R 5 AR B EF R WA 2 TEF LTI B EE R, A&t
P B A BB

1.5.3 P —B iR

T S SR AR T B A LR 2 I AT RO R A2 (R0, R E AR AR Rt T — S m B R . AT IR R AT — AN H 2
GOy — BCPE R AT AR AL o T I — Bk, RATSE R A R T

var a string
var done bool

func setup() {
a = "hello, world”
done = true

}

func main() {
go setup()
for !done {}
print (a)

LA T setup  LRFE, HTRTFEE a MEIEAL TR, WIRLERZ ERE  done R
N true . main  ERETEMELES, @i for !done {}  #Ml  done AEN  true B, INAFER
WIGEA TAESE R, ARG AT T4 5 4T EL A

ERGOWEF AL main  RECPWIBIMXT  done  MIBNBEIERAEEIFHE o WENWRIEZE, Kt

TEFRATRESTED — DS TR . HORBEERE, RSN AR 2 I35 725 A setup  ZFEXT  done  MIBNIR{EHZE
Tk main  LREEE, main  BRHCH AT HERE A LIRS
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{EGoif E 1, [FAl—~GoroutineZ 2 W T, G — ik A AR AL GBI RHERT . (HZAFRIGoroutineZ [,  FFANH L IF—
BRI, R B WA SR A RN R 2% . RIS, IR A SR P FR IR K.
THEKRWIFAT, Goifi & Mg P S5 AL EE S/ AN IR _EIRHLE BRI 5 T RE 2o TR A BUBTHE (CPU 20— 545 & AT AL
FEHAT) -

i, R7E—Goroutine T HAT  a=1; b = 2;  WAEA, BAEHETHIGoroutine i a=1; iE
f)%T b =2, EAPAT, HEEY P Goroutinetr b =2;  BAERESLET  a=1;  iBEAHUT, EEEH—
ANGoroutine T LIEFFIEN AL (TREIAAAEZAAEEET) o Wl R Ui Y —/ Goroutine®dk, a=1;b=2; WH

A IIBAT T AT E o W — A IR VLM E FOERIRT R R, AT BT 45 BAEE ST ATE L R, i

X AN :

func main() {
go println ("fR4F, tHF")
1

Y5 Goiti F #l, main  RECRININEFEGOR, ASERHEME L. ByGoroutineMIHATAI  main  MEHIIR M
FORIERE, WA TR A, DT ARMEITED, Re AT ENER 2 R KT .

JEVRTHT E4 J - R T AN REAR R 1R R, DR A AN T 5 A S35 A S IRV RO IBEFE o i  150 AL f) 005 A e ) 42 S e S P A
FA AR -

func main() {
done := make(chan int)

go func() {
printIn ("fR4F, tH5")
done <= 1

1O

<{-done

% done  HATHS, MARER done <— 1 WEZAHAT. WEFE—DGorouine IR ENTT —HERIN, FATATELF
Wi done <~ 1  #ATHI, printIn ("fREF, A7) IBRBRCEPATIEM . Bk, BTG ] LUEHATE]

a5
MR, I syne Mutex  HJFEABJET] ASLILIEE )

func main() {
var mu sync.Mutex

mu. Lock ()

go func() {
println ("fREF, tHF")
mu. Unlock ()

1O

mu. Lock ()

AT E JE G LRFEMN mu.Unlock ) ARYE println ("fREF, ) SEUE R4 (F—ANLRFEHEINT—E
", main  BAEMEE A mu.Lock () WMRTEESLZFEM mu.Unlock ()  ZJEkZE ( sync.Mutex  fRiE) ,
UL 5 G RRE T B LA QAR 52/ T -

1.5.4 #IHALIEA

HITED B 2 th AT DR T A LR P AR AT, X2 8 T GOTE & T 1) I 4 FA A A7 A 20 PRl R
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Gofe FHIMUR AT EGZ N main. main  BREOTIARY. ERAUR main SRS THERG, WIS E]
BE# main GE GXERSANRFKBEARSIL — BT AR DO 44 8L B2 A4 B AT R IBUF SO o IR
ZRFNRE, EPATHR A S ZA R D= ADEHESAR, GEREESATIRENG, WEERenaa stk %RE
QRFGIRLIXACLR AL . REHRHORE  init  RE, WMR-DMEEEZA init  REEE, SLBLARE
RELSCAEA R, F—ASEN2A init MR DURBIRIBF KGRI ¢ init ASEIFERE, wLE A
24 TUARBELEmBORAD - %, £ main WA OFE. QEEERERNHL, JFH init  BERER
G, AW mainmain  BREL BFIHRIEFHAT. N EDEGOR R B EUR ST 1R 28 :

main pkgl pkg2 pkg3
—p| importpkgl |[---9| importpkg2 |---9| importpkg3 |[---p cohst
i i i i
| ] | |
\J \J \J \J
conhst 4-, const 4-, const ‘-~ var
| I ] | | | !
i i i i i i i
v : v ! \/ ; \
var : var : var i imit()
: ! : : : l :
| " | e e !
init() : init8 i init()
| ! init ! T
l : : I
\/ | g !
main() B 4

K 1-12 Ayiattinrs

EERAZ, £ mainomain  BREEIT RTITE RILHIZ1TER A Goroutineth, HURIBIFERFH ERGLE D R
HA init EREUNFMgoXE TR E) T HifiGoroutinefiE, HiHUGoroutinefll main.main  ERECEIFRIMATH.

HAFER  init R3O main  PREGESRIE RS, TATHARR L — S .
1.5.5 Goroutine{6#&
go AT M Goroutine X B g ik [ 77 61 2 #7 I Goroutine. i 4n:

var a string

func £() {
print (a)

}

func hello() {
a = "hello, world”

go £0)

AT go £O  iBAAIEGoroutinefl  hello  HEGETER—AGoroutine #4047, MR A 1945 5 55 7] LLR &
GoroutineJ I KA hello  HREURELZAT, (H2HAIEGoroutinexf M £O  WHUTHMER  hello  HEUR
B FAENGEATTHEF 1, eItk m. WA hello  FIRESTEMERMIE—HTZIFTE)  “hello, world” , HIBTWIHER
6 hello  BREFATIERE AT ED,

1.5.6 EFChannel &3

Channelii {5 /& 7EGoroutine [Al#E47 [RID 1 EHE 7k ELEAARIChannel B RE— R IEHAE#RAT 5 o6 BB E A
Best, R AR EE R B A EA R Goroutine | (£ [ —/~Goroutine T2 MEER A S SEUEHD - BEFH
Channel LR E#E B EXT LR BBGRIE 2 R AT R 4.
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var done = make (chan bool)
var msg string

func aGoroutine() {
msg = "G, A
done <- true

}

func main() {
go aGoroutine ()
<{-=done
println(msg)

AHAESTEIH “hello, world”. ZREF X msg  #ATHAN, AEE done HELEREFSES, WG
Mo done  BMOWRIRIEIEAE S, WEPAT  printin BREL

FAEFMChannel o 4k b I 8, BElicE &I B)iZChanneliR [AI I EH . RIEXAEFrh, - close(e) M
FIERE  done <~ false  KIRAELRIEZAE P =LA 4T A

var done = make (chan bool)
var msg string

func aGoroutine() {
msg = “AREF, R
close (done)

}

func main()
go aGoroutine ()
<{-done
println(msg)

FAEZEFChannel T RIEE, RAEEN ZChannel HATHIRIESERZ

BT B AR TR, 2P A-Goroutine i I ER SR Bk A E 2 WT LA (R ARSER) -

var done = make (chan bool)
var msg string

func aGoroutine() {
msg = “hello, world”
<{-done

}

func main() {
go aGoroutine ()
done <= true
println(msg)

WA RESTEI Y “hello, world”. A2Y main  £8FEH done <- true  KIEEWHT, HELE  <(done FEWCEZLIT
UB, XERIE msg = “hello, world” #4771, FTRAZJG  println(msg)  HImsgC&MIRMEIL T. WME2, FEk
FRESEX  msg  HHTHEN, S5 done  HEHNES, BEJS  main  ZGFEFM done  KIEXMNINEE, EJEik
7 println  BREER. HE, #HiZChannel iigz (i, done = make (chan bool, 1) ), main  ZkfE
] done <~ true {HUWHEREBASHIE GLIEN  <-done  #HEAERLZE, ZREFKTLIERIETTENH “hello, world” .
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wFargrhifiChannel, XFChannelfi® K ANERSERBEREESE KC MREBESRZEW, P C £
ChannelIEHFRD. WHKE  C¢  WENOHRHX M ILEFKIChannel, 8 R 55 KA IS A S8 KA B% 58 2 R/l
KN T4 fIChannel R BEFIH KR 1A, Wik ik AT T 24EChannel fHI): S+ F ML Channel TR, R4EE
XiZChannel 31T K RIESERRZ AT -

AT LA 72 il Channel f 247 K/ A 91 AT i Goroutine f i K £ HL, 140

var limit = make(chan int, 3)

func main() {
for , w := range work {

go func() {
limit <- 1
w()
<~limit
1O
}
select {}

WiE—r)  select{} R—AFMEEEEEN, ZEMNESFH main  LAEPHZE, MiEEefE Bl . &
B for{} . <{-make(chan int)  ZEEZNIETLUAEIEBIIRE . A main RFEWHIHET, WRHEREFIE
FIRHMERT LB A os.Exit(0) S

1.5.7 AEEKFB
BIARATIE S M, NIRRTV RAIE I TENSE . SeBRIIs AT ROR 2 KR AN RE IE 3 &5 R .

func main() {
go println ("#REF, tHEFH")
}

WA Goil 5 I, W) REA SR I — AL RIS 18] K PRI 15 R4 e -

func main() {
go println(“hello, world”)
time. Sleep (time. Second)

Ky LRI T 1R, DI AR 2 W] U A5 AR . Rl R2 NS CEWA 8 1. (HAEIX
AT EATAZN, MR I AT AT . FRATSEARBERE P 1 T AR e i th 45 R 9 GoZR AR N Ja B2 JERH 22

1, main  ZeRE R ARIR T LR I S ERRFEOR, BA TR LUE R N S AT 7 L2 A DUrEqE

% println  REIRSEIRIRIIE IR T main  REMRERAOETEIONE, Mt FEOPE: 5GSBS

T omain  RRESERATEL WAPATREIE ERANT  main  ERHATIREIRT . 2080 A AT REH

PR IR R R 1) IR R P A L1202 MO T CPU AR AT T2 S R AR RIS 8] S A SE i O R 310 ™28 () 9 B S22 W] DA A HE 3 1
SR MRN8, giaChannelsll  syne  FEPSRAFROATHEFPEHE S, iR 58 AN ERRE A BO IS ) (i
KA. WA SR ICEMR I R, A ENIHURIF AN, s ST e Ja P A i 5

SR R B R B A RV R AR R I AP
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1.6 #RHIFHFRBER

Goifs & W 5L AW 5 /e W ER K I R S HE . Gotdt & JF Ak & I3 it /2 C.A.R HoarefE 197844 H 11 CSP
(Communicating Sequential Process, (Bl RERE) . CSPAT RGBSR, JFsLprM I 7E T HoareZ 5 ¥t 1
T9000:@H 15 ML . ANewSqueak. Alef. LimboR|HLIEMGOIEH, XIFXCSPHE20LE LKA MRob Pikeskii, Ak
TR K CSPIS.FH /28 G ARG 5 LRI 7. TENGOIFRAFEIZ O ICSPEIS IIZ O & W — A IS, KT
6550 A5 P RERATE T T — 17 L UFd, AT RA TN F Gotli & i Wk I R B

YA IFRAGEIT . JRRE SRR BT R, JE R R e 2R W IR AT, A AR Z
%CPU_EA M REF LM FINGEAT o FFAT B RIERE R RISAT IR, JHT ORISR E S, GIIGPU X R AL #E A 2
BRERIATIES. MBI S IR, WS Z ¥IGoik 5 ik B a0 T/ i il 5 2 2 b Bt — DRIl 22 2 s A s S
M, AR R T AL A T 5 T EAN A R BT 5 TR X e BB R A B0 70

FEIF AR, RIS BHIR A IE ARGV ) 5 2O TR ],/ AT R 28R S, A ISR LR R P SR X —
PR, TGOtE & A ke S, B ILEIEIE L Channelftid (Sibr b2 MRSLAT ML FR > E R IEEBHE) . RS

SEMIINZ, by R —>Goroutine BEIS il A Z 518 £iedin 58 4 Nt R T sl glet 46 1. O 73 F 8550, Golli H#
FIFkgmiE A — /05

Do not communicate by sharing memory; instead, share memory by communicating.

ANEGE I NAPRIELE, 0N ORI AT

BB R R R 72 (B I A TERAL L Goili S HERZ ML) . BARE S VT BOX SIS T] 810 I ¢ ) e 3o iy 45 A i L
SRR REAR L7 ST, (R Channe ks 1 Al e 1R AR S th B v AL AR

1.6.1 HF KA KHello world

A1 ATE— A HriGoroutine 4t “Hello world”, main  SEEJE G QR TR RIR T, R AR IR R
FEFFAE NS

IR RIE L O R E R, (ERFDRITANEZ . BIVURFTABNEFRE  sync. Mutex  SRSEBLFRPEESE.
MR SR, ATARE BN — AN RINBURAE  sync. Mutex  HHTMEEL, X FBUSITI . T IIXA7 IR RRORIELE
W LA

func main() {
var mu sync.Mutex

go func() {
fmt. Println ("R%F, tHH)
mu. Lock ()

1O

mu. Unlock ()

By mu.Lock(O A1 mu.Unlock()  JFATER—/~Goroutinerfr, A LAk ANH R MUT— Sk A AR, B EA1d %
AHEWFED ST USE, ZADHEA TR 2 ORI BOSATRERIF AR MFHME, Bl main  BECH
1 muUnlock() RAWREERA, MXAMZ  mu FRFGREATFARIMBPRAE, il FEOSTIN B .

B A R
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func main() {

var mu sync.Mutex

mu. Lock ()

go func() {
fmt. Println ("fR4EF, H7R")
mu. Unlock ()

1O

mu. Lock ()

BEKITREE main REATELEFHATHIK muLock () , M UUNBIN SBRCASC S8 (A IRIA8D i
PHZE, main  PREIBHEERASIAN G B ARTELRLE R BT HAT . 25 G RBEHATE]  mu Unlock O WAREH, BERHTEN TAREC
ST, MBS main  EECPRE A muLock() BHEEIRASHUN, MG AL EARHRAIENREDE
2%, CADRLFMRGEIFAN: £ main  RECRILSEREFELN, FEA&RTROZRE T, WA RT.
ER RTINS PSRRI Y AN ], (BT ED AT vl BLIETA 72 JEHY »

] sync.Mutex  ELRAIIR) A A LUK s . FRATTBLAE M) TE G A7 IR T A S BL R 26«

func main() {

done := make(chan int)

go func() {
fmt. Println ("fR4F, ")

<{-done

0]

done <- 1

W Goili 5 WAL, X T Mzt ChanneliAT UL, KAAEx iZChannel AT U ACIE SE 2 /i I, TR B2&
Fe <done  HRURAFTEMRZ A, main  ZRFEMN) done <— 1 RIABAEAARESER TR Himain, BHEF)
M EES FTED LA 58 T .

LA R UIER[FE, (ER X KA KN R RS S AR 0, ik RIEmainiB H 2 115 B 2R8I
WATEN T o SEAF I R R I (K AOE RO 1A 4 — T, TORE T LARE 56 [ 20 A 52 3 A7 /N RS -

func main() {
done := make(chan int, 1) // WA HEIE
go func () {
fmt. Println ("R4F, tHHA")
done <- 1
1O

<{-done

XA fIChannel, xf T Channel 58 KA 58 B A R A AE B K+ CAN KB B se o /T, e CltChannel 224K
o HINEIERTZRAM, main RS BURAE G B AR AOETHIRE IR AR SE AN 21, U T B0 AR 2 L2 58
G

ETWGAFHE, AT DURE SR AT ENRREY R BINAS . NI R ITR L0AN5  2efe 20 4T E-:

func main() {
done := make(chan int, 10) // #F 10 AT
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[/ JPNAJE BT ENEAR

for i :=0; i < cap(done); i++ {

go func () {
fmt. Print1n (R4, tHFA")
done <- 1

1O

}

[/ ERENAN G B TR SRR
for i := 0; i < cap(done); i++ {
<{-done

}

X TR RN LR e UG AT T — P RPN RRH0E, B2 syne. WaitGroup  SKREEFF— LA

func main() {
var wg sync. WaitGroup

/) FENAG AT LS
for i :=0; i < 10; i++ {

wg. Add (1)

go func() {
fmt. Print1n ("fR%F, tHHR")
wg. Done ()

1O

/) FEIENAN G B LR
wg. Wait ()

Hep weg. Add(1)  HTRINSERFEIF N DA IRTE IS G 2R S BT AT (WRIIEN S 6 2 2 TP AT AN BE DR IE B
IEHPATED o MEEUREEMRATE T Z)E, WM we.Done ()  FoRFEM— 9. main L
M weWait(Q  REEEFFEIBKIHIEERK.

1.6.2 A= HHREHRT

I iR P B PR B At A 7 S B, o I P A AR P R AN B LR ) AR R SR B e R e 1) e A b 2
B i SR, AR A A e, SRR TR R B, R B R A S PR U Sl . X Rt ik
AP AR T B ISR SRR IA S AT BRI B A ALK S s T2 OGRS R R S, A
5 DM T PR 5t 5 P e BOC PU R4 4 5 I AL

GOIE & S B ™ # T B IR AR o] 2

/) EPEE R factor BEEIEHGF S
func Producer (factor int, out chan<- int) {
for i :=0; ; i++ {
out <- i*factor

}

/) TH R
func Consumer (in <-chan int) {
for v := range in {
fmt. Println(v)
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}
}
func main() {
ch := make (chan int, 64) // B4

go Producer (3, ch) // ZEik 3 HifE4e1)/75)
go Producer (5, ch) // ZEik 5 Hf52e)/7%)
go Consumer (ch) /) THE AR B S

/) BT 0T E] B H
time. Sleep (5 * time. Second)

FAVFE 724 Producer  ZEFFHiKER, il FAERSMSHIHEEI S SRIGIFEL1A Consumer  VHPRELRRE, 4T
FISRECAIZE SR . FRATEAE  main  BREURER— & AR IR AL AR P2 2 FNH 93 A — e i a) . IR0 Ao — 5 i, X RpEEfR
AR 7 2 To vk PR IE A e Fl i HE 285 SR 1

FATATLALE  main  RARFIHIERSARN, KL MA  Cirl-C WA HIERHRF:

func main() {
ch := make(chan int, 64) // B RBA%

go Producer (3, ch) // Apk 3 HIREENF51
go Producer (5, ch) // Rk 5 WIREEF 5
go Consumer (ch) // H A REIBAF

// Ctrl+C iBH

sig := make(chan os.Signal, 1)

signal.Notify(sig, syscall.SIGINT, syscall.SIGTERM)
fmt. Printf (“quit (%v)\n”, <-sig)

BATRAGI T A2 A%, IF H2AEF 3 2R IF R P 2%, AR IFRIN. Rk, 5 i as R SRy
FEANTE N, IXFFBAT A, A7 3 M 2 M AR AT CUR EL S A A

1.6.3 RAG VTR

KA (publish-and-subscribe) #8458 % 1 8 5 ypub/subii iy . FEIXAMAI, I B4 =3 o R A #
(publisher) , i 271 % WS AT F# (subscriber) , A= AT S F EMINFISE R . TEALGUE =5 F S pi i v,
SR S RIE B BB, TR A VT BRI R A A — A A

NG, FAIRE T =40y pubsub BRI BRI SRR AL

// Package pubsub implements a simple multi-topic pub—sub library.
package pubsub

import (
” syne”
”time”
)
type (
subscriber chan interface{} /) T EE RN —NEIE
topicFunc func (v interface{}) bool // FERN—/idjkss
)
/] RAER G

type Publisher struct {
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m sync. RWMutex // EEB
buffer int // T RIAB A7 KN
timeout time. Duration // RAGEEI I [

subscribers map[subscriber]topicFunc // 1T [# (5 R

/) KERE—ASRATERT R, W LA B AT I I ) RS2 A A B P K
func NewPublisher (publishTimeout time.Duration, buffer int) *Publisher {
return &Publisher {
buffer: buffer,
timeout: publishTimeout,
subscribers: make (map[subscriber]topicFunc),

/) I ASEAT B, VT I 4 32 R
func (p *Publisher) Subscribe() chan interface{} {
return p. SubscribeTopic (nil)

// I AT 2, VT I i R A e JS 1) 2
func (p *Publisher) SubscribeTopic (topic topicFunc) chan interface{} {
ch := make (chan interface{}, p.buffer)
p. m. Lock ()
p. subscribers[ch] = topic
p. m. Unlock ()
return ch

// IBHAT

func (p *Publisher) Evict(sub chan interface{}) {
p. m. Lock ()
defer p.m. Unlock ()

delete(p. subscribers, sub)
close (sub)

/] RAE—AEE

func (p *Publisher) Publish(v interface{}) {
p. m. RLock ()
defer p.m. RUnlock ()

var wg sync. WaitGroup
for sub, topic := range p. subscribers {
wg. Add (1)
go p. sendTopic (sub, topic, v, &wg)
}
wg. Wait ()

/) RMRATEXT R, [FI BT T b .
func (p *Publisher) Close() {

p.m. Lock ()

defer p.m. Unlock()

for sub := range p. subscribers {

delete (p. subscribers, sub)
close (sub)
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[/ RIEER, T LAZS B —5E B
func (p *Publisher) sendTopic(
sub subscriber, topic topicFunc, v interface({}, wg *sync.WaitGroup,
)
defer wg. Done ()
if topic != nil && !topic(v) {
return

}

select {
case sub <~ v:
case <-time. After (p. timeout) :

}

NI, AT 250 7 iR 3 A& A " golang” 7 :

import “path/to/pubsub”

func main() {
p := pubsub. NewPublisher (100%time. Millisecond, 10)
defer p.Close()

all := p.Subscribe()
golang := p. SubscribeTopic (func (v interface{}) bool {
if s, ok := v. (string); ok {
return strings. Contains(s, “golang”)
}
return false

b

p. Publish (“hello, world!”)
p. Publish (“hello, golang!”)

go func() {
for msg := range all {
fmt. Println("all:”, msg)
}
0

go func() {
for msg := range golang {
fmt. Println(“golang:”, msg)
1
PO

/) 1T — R 1B H
time. Sleep (3 * time.Second)

FERATT BB, SR B AR IR 2T R . SATH B A AN . AR — T B3 LR T R . AT T
H A EA T ] AR AT I BN ASA I, — MR B Ao 2, RS R G0N S 2 1 T AR IR (6] (O HERS 1006 . AEBLS AR v,
QI TR SR AT AR HTIX AN IF A

1.6.4 #FHIFHEH

R LGN T Goifi 5 i KR AR 2 5, #RIR) T SR IR R R BRI RR LT AT DL e KPR . AEBLSk
PAVTEAR, (AN DT ERABORES £ 2805, IR R AN GERA T 205G A s R R R, BNIX
FEAU AT 25 3 (K R AT S5 Lk /0B — 2 I CPUBEIR, 8 m) D& 4 R DI FE 22 v B 1A T
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1EGoifi 5 At figodoce RSkl — A vfs  WIQ BRSO RS, 2 vfs WA A gatefs T
£, gatefs  TRURTH RN T HEHIVI FHZ A SO RGBT R L. gatefs BRI IR &

import (
”golang. org/x/tools/godoc/vfs”
”golang. org/x/tools/godoc/vfs/gatefs”

)

func main() {
fs := gatefs.New(vfs.0S(”/path”), make (chan bool, 8))

Hrfr - vfs. 05("/path”)  EETAMLMFRGME DMEMICIE RS, RF gatefs New  HT A KB RGH0E
A IR B R G R SRR AT — 1 AV, A8 I AR T 0 R & R RO N R S B R I
R B

var limit = make(chan int, 3)

func main() {
for , w := range work {

go func() {
limit <~ 1
w()
<~limit
1O
}
select {}

ArL gatefs XM NIMREE  gate . WY enter A leave  Jrik/MAIRT NI AARSHIHEAFIEIT
S I AR BRI %, enter  JARMHIEE B R AN R R AL,

type gate chan bool

func (g gate) enter() { g < true }
func (g gate) leave() { <-g}

gatefs  EUARIVHAVREM O RGEAS F BEIEHDFRINTEEI T enter M leave  JHHMILC:

type gatefs struct {
fs vfs.FileSystem
gate

}
func (fs gatefs) Lstat(p string) (os.Filelnfo, error) {
fs. enter ()

defer fs.leave()
return fs. fs. Lstat (p)

AT BT AR KRR ECE 1 AW U I 7 2247 Channel i F SRR K75 i LR MR P I8 AT IO R R 36 9350l
N RG] AR R B RDIRAS, 3T 7 TS5 BAORES, T )5 & — SRGUE S RIS T A S5 M E) .

1.6.5 BmENE
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KR GARMEHAIRE IR GAETT ARG e, Ll — 21 AU B — S A B R & T s R AR I8 T LLBRTHE BE

TE—ANZHECPU FIF2 AL MRS LT LA AR R — 28, L9 FHRTIVEREMT &, FoF FR AR 7 B o2 A7 30 3 el - FH P
UUFE s AR IR PP RE DRI ST 7 37 SR AR B R, B0 i Rl AR BE A IR A i A B S AR e 2R B AR
%

PR BA VB PRt R “ golang " MR i, FATATRE & [FIN4TJTBing. Googleml 12452 M 51 %, AL R AR
MRS, wr DO e R T 1. KA PRI AN 2 5 B AR5, R R g1 T IR PR M R4 L, ke
TR G ] RS BT 2w 8 P A S8 A 2R . FRATTAT DRI SEBL A SR R 5 I AN+

func main() {
ch := make (chan string, 32)

go func() {

ch <~ searchByBing(“golang”)
JX0)
go func() {

ch <- searchByGoogle (“golang”)
1O
go func() {

ch <~ searchByBaidu(”golang”)

HO

fmt. Println(<{-ch)

o, BATRIE T MR, EHREAB B R, REASBEINVEARERSEALERNEE. RERATTR
TEANEELME, AR RS R R R SRR MR ERSAS R )G, et R R R B E S
(BFONFFIEA T R IEAT, XA A RIZE) o (AR A TRAT A WATTEIR — A5 R, 2 Bk i 2R

EIE ST IR AR, SR AFEREE R FERE R, 5% Bl v R ST 7R AR P RE .

.6.6 X IF

=

fE“Hello world [ dr” —5h, ATy 7 iExNewsqueakFIFF AR, SO el T IR RIRA BRI S8, FEARRA IR 5
fifi e — NI IR T, JEE e AT DA R 2B GOl 5 1 IF ARk . A (K S B «

e —
2
L =3 [ = =3 ——

3 A 3 A
4
5 5 5
&
1 2 B | 5 |7 11
]
9 9
16,
11 11 11 11__ 11__

A 1-13 FHIF

WAFE A RBYIN 2, 3, 4, ...  BEREFH CREEIFLK0. 1) -
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/B EIE R AT I EE: 2, 3, 4, ...
func GenerateNatural () chan int {
ch := make (chan int)
go func() {
for i := 2; ; i++ {
ch <= i
}
1O

return ch

GenerateNatural  PRELER G 3—AGoroutineErF=F %1, R a1 X W 1 .

RGN RERIE DT BRI R B b, JFRELR KT, 2.

/) BT JERS : MR BERE BB LR 4L
func PrimeFilter (in <{-chan int, prime int) chan int {
out := make (chan int)

go func() {
for {
if i := <-in; i%prime != 0 {
out <- i
}
1
1O
return out

PrimeFilter  BRECHZNIES)—Goroutine L= 541, iR [mlid yk 5 Fr 5% B2 45 .

BAERATATLAE  main  RECHIKENIXA IR IR B T

func main() {
ch := GenerateNatural() // HAL/F%: 2, 3, 4, ...
for i :=0; i < 100; i++ {
prime := <-ch // #HHIIIES
fmt. Printf ("%v: %v\n”, i+l, prime)
ch = PrimeFilter(ch, prime) // ZF a0/ & B911 JE#S

PASeRPH  GenerateNatural O AR IR KNI UG K B AABUF S SRR IFIR— N LO0VGEACRITES, A HEEK100
AN AEFRRPEIEATIRRIN 5, P T R 57— N e R A BAVS B ORT XA 18 RG22 T T R AR i 4L
LIPS VI P BN oAU R 0 N S NCI LT S i S A RER Pt 7 B iR

RIS T AT IR AR S o (RN REA IF AR A BT S5 R EER A, R PP AR P RE TR ANERAE . 0f T2k [
I RRERT, CSPER AR B BAR AN KR 1 (2RI AR R 2w 2R A 2 A -

1.6.7 FRIREBH

A EHERATF s Agoroutine (s I 'e IEFET 10354, Rl 24 TAEEAHR A7 ) ERIRHE . Goil & H30H e — AN H 3%
#1-Goroutine771%, HMT X4 FHgoroutine (i 4 AR EANTE A 8 CRPIRAS o (EUR W SR FRA AR B8 HE i A sl AT
ZA~Goroutine/E 4 /1E?

Goifi & A Al Goroutine 2 ] 3= BAK S TEHATIAE M [F) 2 o 2[RI Ak P20 AR ) A0 BB i, TRAVT 75 224

H select KT (GXANFKEFFMERFETN  select  BREIATNELD . 4 select  HEZANHIE, SFEHL
BRI AMEE S, WREATHNEESZNERE  default 7032, SIS —HRAFHZERS.
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FT select  SEHLAYETE RN I
select {
case v := <{-in:

fmt. Println(v)
case <-time.After (time. Second) :

return // #Hf
}
JERE select M default 43z SEARPHZE M K 1% SRR
select {
case v := <-in:
fmt. Println(v)
default:
) IRE
}
Bt select  SRFHIE  main  REGEH:
func main() {
// do some thins
select {}
}
M A T S TR, select  BENUERE—METE . FETIRHERATAT LA

OYEHEE

func main() {
ch := make(chan int)
go func() {
for {
select {
case ch <- 0:
case ch <~ 1:
}
}
1O

for v
fmt. Println(v)

:= range ch {

FAEE  select 1 default

func worker (cannel chan bool) {

for {
select {
default:
fmt. Println (“hello”)
/) IEETAE
case <-cannel:
}
}

2% SR 3 R SCRS (www. topgoer.cn) i % - 60 -
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}

func main() {
cannel := make (chan bool)

go worker (cannel)

time. Sleep (time. Second)
cannel <- true

(T 1 AR E ISR A e —— X R, IR BT 1L 2 ~Goroutine I 4 AT e 5 22 6 AR BRI A, XM AR
To HSIATTLLET  close  SRM—MEESI FHMZCR, A WK BRI BAES 2SR ER ik

PN

func worker (cannel chan bool) {
for {
select {
default:
fmt. Print1n (“hello”)
o/ IEwTIE
case <{-cannel:

}

func main() {
cancel := make(chan bool)

for i :=0; i < 10; i++ {
go worker (cancel)

}

time. Sleep (time. Second)
close(cancel)

BATEN  close  RKH  cancel  FiEMZ N Goroutine/ HEB IR S . A X AMEFRKARA G RAE: LA
Goroutineit FIiE Hi H5 48 I — 2 b 17— TS E TAE, (2R TEFAREIEE M, HA  main 28I
WA ER A LAEGoroutineiB tH TAESE LS. FATOT LI5S sync. WaitGroup  SReStdk:

func worker (wg *sync. WaitGroup, cannel chan bool) {
defer wg. Done ()

for {
select {
default:
fmt. Println("hello”)
case <-cannel:
return

}

func main() {
cancel := make(chan bool)

var wg sync. WaitGroup
for i := 0; i < 10; i++ {
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wg. Add (1)
go worker (&wg, cancel)

}

time. Sleep (time. Second)
close(cancel)
wg. Wait ()

BAEGA TAE% I RO . BT FAEIIREE | main | BEEERARHZ FT.
1.6.8 contextfy

{EGOL.7RAGIN, FRAEFEREI T —A>  context €, AR T AL HANE R K £ Goroutine i) 55 i# SR I HdE .
I AR AR, BT SO T E I RATAT A context QKT S I I (2R AR 22 4B HY BRI 4% )

func worker (ctx context.Context, wg *sync.WaitGroup) error f{
defer wg. Done ()

for {
select {
default:
fmt. Println("hello”)
case <—ctx.Done():
return ctx. Brr ()

}
}

func main() {
ctx, cancel := context.WithTimeout (context.Background(), 10%time.Second)

var wg sync. WaitGroup
for i :=0; i < 10; i++ {
wg. Add (1)
go worker (ctx, &wg)

}

time. Sleep (time. Second)
cancel ()

wg. Wait ()

IR B main  EFEFEILETEFGoroutinely, A TAREHAT L2 4R

GOIE 5 &7 WA H S [FICRFER, PRI N A7 — AN itk o 7 1 T 2% 2500 1 4611
i, GenerateNatural — F1  PrimeFilter  RELHNIERE 2N T HiGoroutine, % main  BRECAFEEFAEEN G &
Goroutine B RFAI A . FATAI LA context  ALCBEGIXAN AR, R 2 sk A SR EUF S

7/ IR [T H AR BT IR EE : 2, 3, 4,
func GenerateNatural (ctx context.Context) chan int {
ch := make(chan int)
go func() {
for i :=2; ; i++ {
select {
case <~ ctx.Done():
return
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case ch <- i:

}

10)

return ch

BT IERS : MIBRBEHE FE AR 5L
func PrimeFilter(ctx context.Context, in <-chan int, prime int) chan int {
out := make (chan int)
go func() {
for {
if i := <-in; i%prime !'= 0 {
select {
case <- ctx.Done():
return
case out <- i:

}

0]

return out

func main() {
// 11 Context ###/5 & Goroutine k&
ctx, cancel := context.WithCancel (context.Background())

ch := GenerateNatural (ctx) // HZAL/FH: 2, 3, 4, ..
for i :=0; i < 100; i++ {
prime := <~ch // FHIHIEH
fmt. Printf ("%v: %v\n”, i+l, prime)
ch = PrimeFilter(ctx, ch, prime) // Z& 325 Eiit 9L JE 7

cancel ()

Hmaink F e TAERT, B HA  cancel 0 SkiAN)5 & GoroutineiR H, XFEHE % T Goroutine it .

IR —AARR R R, AR E IR R U SRR K I AR RE I ) 1. B 5 SO A IR 2 50 T IR AR T ig, [

WAL TGO FIF AR 523 1T LR B SR R A A 10 3R
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B IR AN

il

1.7 BRMARE

R P RN RE TS 5 HEE B — D E2HE . EGoil & AR T, B P L APIATRE I R FH 7 St ) — > L 2
ARy

TEREF A — B2 AU R ZOR L ATREN BRI T Ll streonv. Ttoa  FPHEEUHAR VAT &, WBEHBY s
JLE, A map  BCAFENICERS. RRBEARBITHILP AR, BRAEREFPHABUG, SUBFRAMENER . Anr ik}
BITGOL, LEALSATI A AR e WU B IR R F L, AT R ZE R Rl T .

HEBR R AIHIL,  WRTEFEAT RIS LA BRI R 2 — o 0T IR S AT RISCE1E R BUNSE RV AL efil iR
[l —NEAMAR AME, 8RR D ARAEERTRE R RS BURIEH R RA A, BUMIR BE R B — MR E,
WA voks i, B A map B DNEERIN, W] BUE RS A R AR T )

if v, ok := m[“key”]; ok {
return v

}

B2 BRI 5 R R AN 1 — o, AR 22 P A B T AR 2 R S . T R LR P T SR A R R I RS (A AN B A
EAESR, ECHET T, BIUAKH—AMEEAE errno  SKRAEER, XFEwlaT DUNRE 75 2w X 2 MR, £GoiE
i, syscall.Errno  BLEXMNMCEFHF  errno  RAMEIR. £ syscall  WHFEEO, WRAREHGRIE, K
EtE  syscall.Brrno iR,

tbangRA it syscall AL REMCCAFRE, WIRERERBATTLLELY  err  REHEINTE
N syscall.Brrno  fEiREHISKALTH.

err := syscall.Chmod(”:invalid path:”, 0666)
if err != nil {
log. Fatal (err. (syscall. Errno))

}

PAVIE AT DLtk — 25 b e i 2 2 A ) A T B 5 R RIS 2 L SE IR Y, X R o] DURIUCE VA AT IR B . A — s
TRAVFAROHEREIRZNRIE T, BATAFEZIE L —MEREAT LT . MRFEREA L nil B, FRATATLL
WA error  fEHZRANE Brror  VSRIRG TR H RN R

FEGOI &, RN — R AT AT 55 105 0 2 — Rl U a3, R AR T RE RO P A (EBUGEUR A T
LA . GOl FHEEMM  recover  PRHUKE ISR I H VR URAC T, ARG T AT CLBLIE (5 0ok S5 AT SR IR
AL

DR T B T A S A R A o R, SRR BARLH A M. AR main  RECTEERE RS
HR—HE, JEBA R

func main() {
defer func() {
if r := recover(); r != nil {
log. Fatal ()
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R EALHAREH P .. WRREAT TN, BB S RS b #7720,
1.7.1 R ERS
ERANTE R — A BRI B BREE BT IFRA SR, RGBT — AN SR N S B 5 — N sk

func CopyFile(dstName, srcName string) (written int64, err error) {

src, err := os.Open(srcName)
if err != nil {
return
}
dst, err := os.Create (dstName)

if err != nil {
return

}

written, err = io.Copy(dst, src)
dst. Close ()

src. Close ()

return

IR AR GRS TAE, (HA2AFRGK— 1 bug. WHZFE—A  os.Open  WHWIL, HZEE -4  os.Create  FHRIMK,
MASTERARR sre  SUAFRIEMRES FIRE . BEAREAT LUED RS AR ENEARIARN  sre. Close () MWHFRME
SIXABUG; [HZ RIS ASAS S 4, S I BB AR R IR S . BATT LGB defer  WEAIRHE RN EHE T IT
ST #B BB 1E 5 G A«

func CopyFile(dstName, srcName string) (written int64, err error) {

src, err := os.Open(srcName)
if err != nil {

return
}

defer src.Close()

dst, err := os.Create (dstName)
if err != nil {
return
t
defer dst.Close()

return io. Copy(dst, src)

defer  PEAJA] LALIRAIFEF T AR B LRI G SCIF . ANV RE TR A, SCAFRPATE A4 S HERAT . [H)
i defer BAWTUAPRIE, BIEE  do.Copy KA 7%, SCHFHIRTT LA &S] .

HISCHRATHE], Goifi 5 SR A R H, — DARZIERRE W UEFEREFRIBUG. (X TRl Web
MRS IREZRIN & e AR RN =i, BUNSE =07 b R A EBUGR R 2l il 57, WebHEZEA B2 A

REHEN . N TS RAIIRGEE, WeblEAE — il recover  SKBFMEMEMURIRATA A EIR A h vl R AL 8, ARG
K OB R R ]

EFRATEASONFEHT 2 A1, dtHrecoverffffi 5. &S] SONMNT R E A, BIAERANE AT e H Al TR IR, Wk

FEH R CBANR . Bk, SRR BN, RAOTA SRR 8 35, M 2ok panic & Ay E i, IR
BOME B P i
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func ParseJSON(input string) (s *Syntax, err error) {
defer func() {
if p := recover(); p != nil {
err = fmt. Errorf (“"JSON: internal error: %v”, p)
}
1O

// ...parser...

BRIEFERI) json A, fEPARIE U FEAT) SON KL 1A o A AUE B R 1R, 2ot i HH S 0 1) 5 AORPR Bk R R 2 1 25 1 v K
WA, REHEI— R recover 3K panic , RJFIREHRAHRE S

GOiE Z FEMSRIL I BMEERRNSMEH T panic  , (H2ESH R BN WAL WIS R
1.7.2 FRBPUE R LT
BEHMEN T HE_EJZH B, R S 20 K I AR B T A R 28 TR Rl A F

if , err := html.Parse(resp.Body); err != nil {
return nil, fmt.Errorf(“parsing %s as HIML: %v”, url, err)

}

LZH BRI RIS, T DRES 5 Al 55 J2 T FRAR A 1 R AR K JEUR o (EE £ AN RE B SR ARMESEAT 72 )2 P IR ART I R
BRI, FATHZE R TR BIFEUARI AT R AR PR EREE T .

N T TR R AR AT R P IR R, AT &€ A WrapError  p%L M EARELG MHTIR,
RIS CR B e BE R AR R R . Dy 1 IR E LT (8, RN 0 T BEAC SRR R AL I B B0 ADIRZS , BRATTIR 2 I A SR L
P A BRI CRAE e R B R B A o TRIIRE, A T SCRERPCASES 45 4% 4, JRATT T REZE 7 K AR 7 214k 2L SON
FEREIEE, RS FEAIZ BB o 4 R A P L ok

N, BATATLUE XL EH K github. com/chai2010/errors £, HIf& LN HI4HRIEA.

type Error interface {
Caller () []CallerInfo
Wraped() [lerror
Code() int
error

private()

}

type CallerInfo struct {
FuncName string
FileName string
FileLine int

Hr - Brror  JNERMZA, JE error  RMZEANY R, HTHABRHIINAAEG S, FINSCRHIRN 2 HIRELLR,
SCRPRE IR . 9 AT, FRATATBUE SCRLTR A B R £

func New(msg string) error

func NewWithCode (code int, msg string) error

func Wrap(err error, msg string) error
func WrapWithCode(code int, err error, msg string) error
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func FromJson(json string) (Error, error)

func ToJson(err error) string
TIREZFRAL, (ERHEIN T I R A0 R AR S
NewWithCode W2 M5 —/NrERAG AR, [
REREREL, TR 2 MR R R
PRGBS A)SONTFIFH

New  FFHIEESF IR RA, FbrdEES  errors. New
Ho FromJson  Fl-F MJSONZAAF H S R4 15 Fh P S AR AT 5 o
Wrap M1 WrapWithCode  JUj/24Hi%—

65 LR N A e R R A
W RO S IR R ZE A R . X AR I RO S ET LRSI json. Marshal

FRATTAT LA A 11 A % R A

import (
”github. com/chai2010/errors”

)

func loadConfig() error {
~, err := ioutil.ReadFile(”/path/to/file”)
if err != nil {
return errors. Wrap (err, “read failed”)

}

}

func setup() error {
err := loadConfig()
if err != nil {
return errors. Wrap (err, “invalid config”)

}

}

func main() {
if err := setup(); err != nil {

log. Fatal (err)

LR, ARREAT 2R R BATRT ORI I SR AR R ) S R AR

for i, e := range err. (errors. Error). Wraped() {
fmt. Printf (“wraped (%d) : %v\n”, i, e)

}
[ th ) AR A B 2R 1% 14 R U Y HEAR A5 K -

for i, x := range err. (errors. Error).Caller() {
fmt. Printf (“caller:%d: %s\n”, i, x.FuncName)

}
errors. ToJson(err)  4mfth AJSONFFFH

LIESTES RS bul il TR UV

/) BAJSONS 18 77 A R AL R

func sendError (ch chan{- string, err error)

{
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ch <= errors. ToJson (err)

}

/WL TSONF 15 5 1% 2R £ iRt
func recvError(ch <-chan string) error {
p, err := errors.FromJson({-ch)
if err != nil {
log. Fatal (err)
}

return p

X AR T http P R P2 55, FATIETT LAGR S IR B E 0] B http R A AD -

err := errors. NewWithCode (404, “http error code”)

fmt. Println(err)
fmt. Println(err. (errors. Error). Code ())

LGOI H Y, AR A —E AR A A% KU o AR T RO TR ARG BA V0 A A0 B T 32 R A R T A Ak PR )
FACRD 2 Ao AR B 2 SRR B ], A DI R A A else  TEAIHL, TR ELEHAE BREU AR

f, err := os.Open(”filename. ext”)
if err != nil {
/) RIGEIETE, 5 LB IR

}

// IE 5 L PR RE
GO & A H 4y B MR T 4K LT AR, e — RIS, FITRiLEAR R, 2 i RS e bR
1.7.3 SR RIR E

Goifi 5 IR — MR DR, SO R rhBE 7 IR REIG IE . A 28 O RSB IR I A S i e, #201
PEARRL il o SRR SRR, S EL RN )z, ORI AGE A R, B Ot
N PR BRI A — 5 A=

FE R E b, BRI E SRR, SBCARIRIE&IZE nil

func returnsError() error {
var p #MyError = nil
if bad()
p = ErrBad
}

return p // Will always return a non-nil error.

{2, REIRMPLERELSIFIER  nil o 2—NIEWEMEIR, #RMOEL A MyError  RER=feEr. THZ S
i) returnsError

func returnsError() error {
if bad() {
return (MyError) (err)

}

return nil
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B, AR IR MUE RN 5, WA R ER MME R EAE Sy nil

GOl H N oA =, AR (M2 5N ek (i AL AUE FIR R RS . Bk, Goifis
o interface  RE—AMEISL: AR IR BN DI, o R AL M AR R . RN TSGR T,
IR —5E ) 22 4k

1.7.4 HIHFRE

panic  SCFFMUAERRBM SRR (MAMGE  error  RAMENR) | recover PR A AYIR [BI(H
A panic  RERIASECRM B SRS IR

func panic (interface{})
func recover() interface{}

Goif & BB ] A LW AR 2 B AT R [P B3R [ 428, AR NALRE PO SO A, LA ANATRR Pk

17 recover  SEMIRREIALRRM nil o S MREBERLE: HEEORAN panic  PHHRE. MECKEIEPUT
SRS IR, ERZHEMR  defer  RECHHIVMRGRAESPAEH AT, RS R PRI E . 0T 280 & 2 A
&y PO HORESE A WAk, MEREA  panic  BEUNATNEML EFRFRAER, WRAE  defer ik

T recover UM, ERLMEFANA  panic  WEIZEL JEHKERIERRATRE.

tEdE defer iBEAJHHUT  recover  IHARWIFEEHE WM R

func main() {

if r := recover(); r != nil {
log. Fatal (r)

}

panic (123)

if r := recover(); r != nil {
log. Fatal (r)

}

TP FPA recover  WHEARERIALAT R . £ —1  recover  PHBATHS, BRECLIREAEIER IIERH
e, XEHE  recover  WHPKIRE  nil o RAFEEK, A recover AR WL HEPATE,
Jy panic  WHESSHERHED FRATESEEM  defer  MIMREUSIRH,

L recover  MAEUMAIAE HEAEIIER: KATUAAE  defer  MEUPEEIHAH  recover . W defer
VRME  recover  HEMEIEREE, FHE I TR A tin, GRHERITTRaAEaEE
i) MyRecover  pR¥(, 7ENFBIEIILEMHERSBRGHMEA  recover , REHAMMIL:

func main() {
defer func() {
/) TIE ST
if r := MyRecover(); r != nil {
fmt. Println(r)
}
JX0)
panic (1)
}

func MyRecover () interface{} {
log. Println (“trace...”)
return recover ()
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FFE, IR ZIEHRER  defer  HETIHA  recover I RELITHIRFH:

func main() {
defer func() {
defer func() {

/) TSR
if r := recover(); r != nil {

fmt. Println(r)
}
JX0)
1X0)

panic (1)

22BN defer  REUPEBAMA  recover FIL1E  defer  HEUTIHFAIMAEM MyRecover | EREL—EE, #iE
25 72BN BIAEIER recover  BREL XA EGoroutine R R i DA AT TR SR

WIRMANBEIEE  defer iBAFIMH  MyRecover  BREUIFLUIER TAET :

func MyRecover() interface{} {
return recover ()

}

func main() {
/) AILLIE A 3R
defer MyRecover ()
panic (1)

{HE, WR  defer iBMELMA  recover | HREL, KRN BEIEH AN

func main() {
/) IR
defer recover ()
panic (1)

WA FIAT 57 (ARt B — Aot recover  FREUAREIEHIIRF N . T2, Tecover
VA REUR MU 5 (NI T LS — 2 defer  HRED !

B, NTHER  recover  WMFEAREWAMARBIMRN, MiZERH  nil  OVSHEEH R

func main() {
defer func() {
if r := recover(); r !=nil { ... }
/) B AEIREINT L, (HE IR R R RS
JX0)

/) B il NS R
panic (nil)

A BRI R S R ORI, R SR R R, TS AR (KA 3 ) Ab B
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func foo() (err error) {
defer func() {
if r := recover(); r != nil {
switch x := r. (type) {
case string:
err = errors. New (x)
case error:

err = x
default:
err = fmt. Errorf ("Unknown panic: %v”, r)
}
}
JX0)
panic (“TODO”)

FET AR, FATTE A AT OB AN RIS 7 o il e SO RIS GR I B2 11, BRATTE AT A 20 53 R 1

func main {
defer func() {
if r := recover(); r != nil {

switch x := r. (type) {

case runtime. Error:
/) X ARIEAT I RIS v

case error:
/) B RIS

default:
/) AT

AL IXFEHANGoth & ] # BRI ML £ T I M4 1.
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1.8 #h7EiiA

A EN GO F R, HIbs /2T — 2 MGoE 53, WM GOl S AR T, 1EH it DU R BRI ah ]
GOlES . B2 EGoEEHEL, MRgilid  go tool tour  #rd$TJ1"“A Tour of Go”"#FL>] . 7% >)“A Tour of Go”#
TRIER, TTCAEGoIE S B BN LRI (The Go Programming Language) ##2. (The Go Programming
Language) 7EH NGO 54 XM ANGOIE S X4, T IRASHSSGoE E . £35S FNTT LAk H Goil & it vh—1ik
N, SR B B B AP T LA It godociy A 4T H A SO B i) . Goldt & A B AU AL S 7T SCRY, s
T VAR RS IAREYS, XA FRRAUR GOl 5 %R, FRATIANILI R B % 4 T LA GOl & 1 .
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CGO%ifs

CGO%if#

$2E CGOHE

1L K HILIGAELE LA I AR HTINEL s [H Ky 2L THAR P IEABITLIEIRA LA FF AN TN F AR . ——chai2010

B 28— JE R AR FESTTFC+ + S N IRFEGAL I FT AR TTIE  A E ;. GO i & DB AE 2" K E PRSI E I 50, G0 T AIE
SR, ——Ending

C/CH+&ilJUHEMA R, CAaMAR 7RIS, efRZALH ki ik Ca LB, Gollis LA ui(E
C/IC++RABEANRIARZ £, A THEERC/CH+HM R RIEZ )G, TATA ULt HGotk 5 %ift. CIEFEN—1d
JES, REZESEFRM - ADCHAERAPL SRS R R RIEE 5 L. Golfi Filid B d K — M CGOR T HRHFC
WERECHH, FRERATT U Gol 5 S HCHIS ER ORI EE S M. AT EET IR CGOYMAE I [ ¥ — L i,
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PR AT

2.1 PREAN]
AT RA TR L — R R NIRRT F R H J2 CGO M A H 5.
2.1.1 BHCGOERF

HEHCGOREFF M LA 2% . AN BATITLARANGR, — DRI CGOREFFiZe H A REHINE ? 2t — N HICGOTE T,
B R CGORHE, IR 2 R CGOREFF MZE GO /7 I Z2 Ik . R I FRATTHY 22 (¥ i T CGORE 7«

// hello. go
package main

import “C”
func main() {

println(“hello cgo”)

}

MRGERE  import “C”  EAEJHCGORHE, LU il Go B printineg £ th 77 &, H IR A EMAMCGOH
KRS, ESREA M CGOMAIICHEL, 2t go build @& RTEREAEEHEN BUAZhgecmitds, XO&R— w8
fICGORFF T -

2.1.2 BT CHrERR R B 7
35— BT COORFIERUS I, RPN

// hello. go

package main

//#include <stdio.h>

import “C”
func main() {

C. puts (C. CString ("Hello, World\n”))
}

PAIAMIOGERL  import "C” AR CGORHE, FNEEFCIHEFR  (stdio.h>  Kk3ff. AEELCGOH
) C.CString  PRECKGOIH TR NCHEH 7478, BJEHAICGORM  Coputs  REABRIER 7 DT ETRA A
MCTFT e

Mtk “Hello, World [ 2" — T IICGORE P i KA Al . BATRA R IR ATRIL  C. CString  GUEMCIE S 747
B EARNISH puts  REERAARAERBITE, ZR02RM fpouts ARSI HTED,

BARBBAER  C.CString  QUEMCHES FAAH S SBANFMR. XN TIRANMERRUL, LB HER, BIVER
R R EAE R G2 B R IE R A B

2.1.3 FHESRICERE
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RUTERA VA TR dE e R A IR IERATEEE X —  SayHello  HICERECKSLIUITHY, R)5 NGOG & M55
FHiX/A~  SayHello  BE%%:

// hello. go
package main

#include <stdio. h>

static void SayHello (const char* s) {

puts(s);

import “C”

func main() {
C. SayHello (C. CString (“"Hello, World\n”))
}

B Saylello  pRAEUEIATH CBUKIZAh, HE W FHT i A 15 ZE AL

FATEATLLKE  SayHello  BREUKFIMHTH % PR —ANCIEF WL JHRBRAVE ¢ ) o BUOARGSEMILKCL
fE, N T RRVEANEBEI A, PTCLH E LA static  BUFT.

// hello. ¢
#include <stdio.h>

void SayHello(const charx s) {
puts(s) ;

}
SRIGTECGOH A S6 /] SayHello PR3k, JLEIHAAL.

// hello. go

package main

//void SayHello (const char* s);
import “C”

func main() {
C. SayHello (C. CString (“"Hello, World\n”))
1

WE, WMEZIHETMHAZ  go run hello.go B{  go build hello.go  MJif, MALZ#EA  go run
“your/package” B  go build “your/package” AW LL. #HABAEMEEL TS, MOTLLEIEIT  go run
o go build

Be#R Saylello  PRERCEESIINCICAFT 1 FRATH SRR LU L COCP g 134T BN A i sl s A B SO I .

RIS EE ST G/ SayHello  BAELNTE, & BRI B CHECIHFR 200 Hat (CGOMEERET & HEE Y
B H SR ICHECrE, WIS ECR AL I o KT # S BE SR A0 R AE A J 2 T U

2.1.4 CARIEBRIBEHL

AR RS, SR A S A R AL B T B, SAIE AR S, FRATTAT LB ARl I AR i g 2 31— AN b B
oy MR R ECEZ N, BATRE SRR B SO SO TSR R AR A O T R D AR (X BT
A ZGoE S Winterface, i ZAPIFIRES)
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FERTHD (5] rh, AT UG — 4 yhellofffidl, Bt 4 f5 1 s HlfEhello. h Sk S0 E 3

// hello. h
void SayHello(const charx s);

o 5 —ASayHellos it 7 8 . (HUZAEhelloM B F ok i,  5tnT LABGO S F SayHellosg i, 1 6 75 6 U R B L
PRSEEL. TWifESayHello s X SEE A UL, R ST B0 2 Sk SO s B R B TS R AT . R T & SayHello s £ C
EE UL, XfRpihello.c Xt f:

// hello. ¢

#include “hello.h”
#include <stdio.h>

void SayHello(const char* s) {

puts(s) ;

}

tEhello.cXCAFIIIFSk, Bl @IE  #include “hello.h” iAW SayHellosd B i, IXHE AT DUGRIIE 8 B 512 0 2 AR
P b AT H

s frhello.hZhelloBiH ity sl A4 L RIM L)€, (024 E JFRAT ER M AUE I Cil 5 ok sEdiSayHellosg £ Al
AT DU C+ + 18 5 R FHT LB AN Cft 5 iR 3L

// hello. cpp
#include <iostream>
extern "C” {
#include “hello.h”
}
void SayHello(const char* s) {

std::cout << s;

}

TEC++IRAMSayHello s dirf, FATELC++HFTM1  std::cout  fHRMH TR H . AN TIRIECH+HiEF Ll
fliSayHelloss £t £ Cits 5 Sk X fFhello. hiE IR ETE, HATHELEL  extern "C”  WEARRIZR BN GRS 5HEC
HE .

LER TR CVE 5 APHR i fE 2 5, AT AR 1 AR Bl B S M. Sl T AUTHME AT AR5 = e, A sk

R ATFIAPIZYERITT . FATAT LUHCIE 5 siiSayHellopk £, B 7T LA B A 2% (11 C+ +15 5 ok s SayHello i 3, 44R3K
By DL 4078 5 B £ Goil 75 R E F sl SayHellopi 45

2.1.5 FGoEFHLICEE

HSLCGOMUXH T Gott 5 i HICHE & e 4L, el LU T 5 i Gotl 5 R #ize it 5 s B0 o AERTIH Al 3=rh, JRATC &4
F—4ghellofgBid, B4 i O R E#Ehello. hk S0 R g e

// hello. h
void SayHello( *const#*/ chark s);

PAEFA I 4 hello.goscff, HGoih & EFrsk M Cili & 2 M 1SayHellosi
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// hello. go

package main
import “C”
import “fmt”

//export SayHello

func SayHello(s *C.char) {
fmt. Print (C. GoString(s))

1

FATELCGOR  //export SayHello R4 ¥45GOIE S LHIMIMKAEL  SayHello S HACIESHEL. N TERCGOTHK
CiBF %, AL TAERERI A REA P constiBIifF. FEERNZ, XBEHSEWIMMAR  SayHello  H%L: —
AMGOIBETFHEN;: 5 —MRCIET WM. cgoEiMCiET A SayHello i Hin £ 2 18 i My AR 1 F Go il 5 T AR 1)
SayHellop % .

T TR A CUE S B PR R, FATAUA AT s B Seslsr,  [FRS A R B . 7R RAT T 0T LK Say Hello ™
ME— A Fritk EE R s (Rputs s B 5 251D -
package main

//#include <hello. h>

import “C”

func main() {
C. SayHello (C. CString (“"Hello, World\n”))
}

— UL ER B 3] T IR CGORY, (ERARMNFEREE T .
2.1.6 HHCEDKNGo%kmE

TEFF A EF b, FATH A CGOfMHAE — A Go X Frh. SAJa, I CR: D Zw L I BN Say Hello 7 3l 4 20 B A A I C
S, Mmain AR 2 Go . WA, A GorR B skal 1 Cili F kMK SayHellopd . (HAXS+ H B K Bl K bt R4 —
ABREL BRI B AR RO S S T

EFTRE ARG A, BATIHEZRE G T B LA SO EH & R8N GoSCfh. Il A 5 SR -

package main

//void SayHello (char* s);
import “C”

import (
et
)

func main() {
C. SayHello (C. CString (“"Hello, World\n”))
}

//export Saylello

func SayHello(s *C.char) {
fmt. Print (C. GoString(s))

}
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BUPE A (I CGOARIY i Cis F AL I L DR 1, (HZBRATRIR T LAt — 20 LG o il & 1 B4R P IRATII CGOMUAD . Jiid
PRI LAREL  SayHello  BRHUAIZ AR T LLELIRAE HIGo 377 e i fir EL4%AY . EGo1. 109 CGOMrHiin 17—
A _GoString  HUE XMCIEF KA, MAKFRGoH S 7M. T2 st 5 KA

// +bhuild gol. 10
package main

//void SayHello( GoString s);
import “C”

import (
et
)

func main() {
C. SayHello(“Hello, World\n”)
}

//export SayHello

func SayHello(s string) {
fmt. Print (s)

1

BERE R EIEGOIEF R, (ERPIITRINERZEMGOIHFH  main &%, FICGOH 3L HICIE F it
A SayHello  MrEEsffl, Hjs X127 GolEH MBI SayHello  BR%. XAMUILELE T CGOMPRMMEE, 1 ihE
RNFRAR

BEE: main im4L fiSayHello i 40 /2 77 77 [ —1Goroutine #1717
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CGOA:F;

2.2 CGOEHRY

B CGORHE, FELRC/CH+ e T A4, f£macOSHILinux F2E2HGCC, fEwindows i E2ZHEMINnGW T .
[ 75 AR IR AR R OGO ENABLED My B N1, XFRCGOREYE IR . AEAMMERT 0G0 ENABLED — BRiljE
JERI, 47 YA CGOBR 2R 11 . L #E5E W BEARMIAERIZ 1T HIGORE T, T ET T E IFC/C++38 X T A
B, [FINFFFRE  CGO_ENABLED MBS . AJ5i@id  import "C”  iEH)E FHCGOREE.

2.2.1 import “C” :rg"ﬁ—,l

WRAEGORMS T HIL Y dmport "C” EENFRRMEH T CGORME, BERFEXAT ORI K ER R — R R ki, B S
R IEH I CIE A0 . i RCGOJR IO T, 38 AT BAE 211 H 3 (& C/C o+ X RL RIS AT«

A ] L 1)1

package main

#include <stdio. h>
void printint (int v) |
printf ("printint: %d\n”, v);
import “C”
func main() {

v = 42
C.printint (C. int (v))

AT 7R T cQOMBEAME T %o Tk IERE RS 1 20 I CER BRI Sk S0, Sk ptinclude Ji B (1 B A 1 C
EE GRS R" C XA M. FHEEEZ, import “C" 3 ANIEA)FEEM—1T, Ahg5 A —Fimport.
I CRR BB SRR, B BRSO B CHE & 2R AU LT Ll W Bl Coint(v) K — A Gofiyint AU E
SR I A N CIE S IR AUE, AR5 CIE & 8 LR printint s Bl A7 4T ET .

HWEER ML, GomMIMIEF, Prilcgot kit S B A TS 7 W M e & — B0, 0 HAL B AT 250" C” rh i e Ak B
Fe e ont R CIRAY, ANREELIEAE NGO AL MAL . [RIRNE MM CE S ANCE S S IHFATER KRG FRITL, EfA
2 Goifi F 13 A £ 3

cgokt B 5| I Cls 5 AP 5 #BCE] 1 A C R, Rl 4 AT AR M e Goili 5 A A T Be thad i cgo 51N 1AL fz 4t
CH, HEEANAMGOE S BIAKEMKCE I KA RAGEEH . XU T2 A O iE—Ecgoffi B B A it
TR ST .

LLan A5 BAEGo g X—ANCils & TR AW R CChards &Y, S5 34— 4~GoString /7 2R [FIGoil & 7 7F i :

package cgo helper

//#include <stdio. h>

import “C”

type CChar C.char
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func (p *CChar) GoString() string {
return C. GoString ((xC. char) (p))
}

func PrintCString(cs *C. char) {
C. puts (cs)

}
PEFRATAT e AR E I Goth & & b B8 AT AN B ek 2

package main

//static const char* cs = "hello”;
import “C”
import ”. /cgo helper”

func main() {
cgo helper. PrintCString(C. cs)
1

KBRS AR IE W TAER, FoAYSaTmaint sl Af Cocs  ZmEAIEME YT main B cgoli& i ERINCET
) kchar KA (CHARSZ  #C.char , HHIASZE  #main.C.char ) , ‘Eflcgo_helperfli| A

I *C.char 8% (HARSE  *cgo_helper.C.char ) JEAFM. EGOEF ik K T2RBFEN, AHGot
FIANFEMHCHR R EAFK ( main.C A% cgo_helper.C ), XFHAENEM KGO M2 AR
KM smain. C.char  AN%%  *cgo helper.C.char ) , XEZ&SE 1 ATIACHASEE IEH TIE.

A Golf & MM A AT B 2 2 WS HUE AR RN o (XA TT AP A TTAT Y,

N cgo_helper.PrintCString  MZHZEHFEIIAMN  *C char  HH, FESMHRIGEEERBUX A KA, #F
Zo AMEIEREAITRE D P EEEN T #Cochar  SERLIREMCRKERL, HEMGot L TTIEHEM X LA,
FrAEX A GoWRIN AR T *C.char  RARIMIEME. POVKLEEZ R, WA Ego test AT L IIINX ticgo T i
A 20t S AT ) FD B A«

2.2.2 w0 BA)

£ dmport “C”  EAJETAEREPAILUEL  #cgo  IEAJICEMIEN BABERM BUAICSE, SN BN S EEA T
SE AR R AR E S AR R B AT . BRI BRI 28 B 08 P AR 2R R AR A S B ) S A

// #cgo CFLAGS: —-DPNG DEBUG=1 —I./include
// #cgo LDFLAGS: —L/usr/local/lib —Ipng
// #include <png. h>

import “C”

LTHA T, CFLAGS#4), -D  #4rE LT EPNG_DEBUG, fEA1; T TR EE IR R H R
LDFLAGS#4>, Lo R VRN RO R H ok, -1 HRE CRERIN 2R png

PUNC/C++ B ) e,  CIICAHRER H Sl WO AR H 3, (B A RS R H S U5 B2 L0 B AR o P SO IR 2R H s ol
Lt ${SRCDTR}  AREFR7R i (0 H S I 4E0 B 42

// #ego LDFLAGS: —L§ {SRCDIR}/1ibs —Ifoo
T A QR A B R R A

// #cgo LDFLAGS: -L/go/src/foo/libs —1foo
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fego  WEA)EEFIMCFLAGS. CPPFLAGS. CXXFLAGS. FFLAGSHILDFLAGS/L Mtk atiAli A8 i . LDFLAGSH T
BRI IZHL BRI SN LAN AR T o g PRI B A4 22 2 B (CFLAGS HI T A0 CIE S AU i B i F 2 40«

X T ECQOIM LR S CRICH++ R/ okt WTREA = FIAFE RO LT Horh CFLAGS X B2 CH & A 120 13 101
CXXFLAGSX ¥ f C++H5 7 [ 4 1135, CPPFLAGSIIXT B CRIC++ LA (4 b Tl (R ERERRIN B, CRICH++ I BEE I T
S, B AS AR AN A CHICHHBEF X, TATR bR SO RS A R 1 .

fego  FEAIL SRR EE, AU R RN ERAE RGEE AN CPUSE I SR IN 5 18 (4 B B BB T A R bl an R T 2 4 4t
FtwindowsAlHEwindows 1 & (1) 4 3 A FE 18 101 -

// #cgo windows CFLAGS: —-DX86=1
// #cgo !windows LDFLAGS: —Im

HrpfEwindowsF & F, ZiFHTSTUE XX867 1 fElkwidnows & 1, FEREIEN Bra ZOREEEmath s i, X Fh it
TAEAFT G R B 130k 0% 7 (137 7 LU BBE H

WRAER R RS T cgoR A RFIMCIES, RATHTLIEMERT | #ego 4R URRMCES 0%, WIS ERK AT
AR

1

package main

/%

#cgo windows CFLAGS: —DCGO_0S WINDOWS=1
#cgo darwin CFLAGS: —-DCGO 0S DARWIN=1
#cgo linux CFLAGS: -DCGO 0S LINUX=1

#if defined (CGO 0OS WINDOWS)

const char* os = “windows”;
#elif defined(CGO _0OS DARWIN)

static const char* os = “darwin”;
#elif defined (CGO_0S_LINUX)

static const char* os = “linux”;
#else
# error (unknown os)
#endif
*/

import “C”

func main() {
print (C. GoString (C. os))
}

XFERRAT R AT U CIE & A A R AR RIS EE AR T & 2 18] ) 22 53 AR D
2.2.3 build tag &#44#%

build tag 2 7EGoscgoI 5z | C/CH+ LAk I —FRFERIOTERE . 25 fFm IR T RIIEL  #cgo  fEREIWARFE
SE ST, RATER PP 6 B EPOE L2 JGA X A . (HEE #ego  FRAE XEA MMM, EREEHTGo
HE 3 Frfwindows. darwinfllinuxa L4 s FF 3R IE RSt WERIA A B E L— 1 DEBUGHS &% #ego  fEAHLL
BENAIT o TMIGOIE F IRk Mbuild tag 22 1 P )T LA B8

EE A T Y SO A AE 1 B debu gl B bR A I A2 it 122

// +build debug

package main
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var buildMode = “debug”

FTEAHEAT dr & 1 2 -

go build —tags="debug”
go build —tags="windows debug”

PATTAE  —tags @ AATS AR E L A buildfrd, EATZIE AR b

MHZAbuild taght, FATEZANbs SRS VR PR S . Lh bR ik bR E R R R 7E" linux/386" 51"
darwin“V*& FEcgo¥fiE 4 #ArH i .

// +build 1linux, 386 darwin, !cgo

M linux, 386 Hlinuxf1386 1 SR/ RANDII R, 1 linux, 386 Ml darwin, lcgo  ZIAJiEE2s (9 40%)
SkFRORME .,
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2.3 BRI’

BRAYICGOZN T ik 2 I NGoifi 5 AU I Cil = s UHCiR

SAGoil F AW B0 LA Cil 5 BHIX — H I HHEL

i (BCACE TR MRl BRM W LBINCHE S R0 Goll 5 Al (HGoE 5 clCIEF AU IRED ) .« U

1, & R&HAZ NCIEF MGoth 5 XaE i M4 .

AR BT VR ) B

2.3.1 HERA

1EGOi 5 h iy FICIE AT S, — o g C" ey, thin  Coint
ARt 2R AL, (EE R R LY C R ] CHf & R BN F kIR A REA A% 4T, Eedm
Vil HBtCGONCIH H A EEREE SR A IO AT R A, g

jiibun C.unsigned int
I unsigned int

TR I CGORF M, HART B 1 WL 05 5 R I (K e ey, Xt

MMCIEFR  int R, FECEFH
unsigned int  AREE$E

C.uint  XMNCIBEFH

Goif &5 M HUE KM CIE 5 Hn A ERANCUN,  BUR R E NIRRT RK R 3R 2-1 R .

CiEs kA

char

singed char
unsigned char
short
unsigned short
int
unsigned int
long

unsigned long
long long int
unsigned long long int
float

double

size t

CGOZkA!
C.char
C.schar
C.uchar
C.short
C.ushort
C.int
C.uint
C.long
C.ulong
C.longlong
C.ulonglong
C.float
C.double

C.size t
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byte
int8
uint8
int1l6
uintl6
int32
uint32
int32
uint32
int64
uint64
float32
float64

uint



7L

# 2-1 Goif 5 fUC 1% & KX H:

TEIT RS, BIMECES int . short  FFERBUEA IHC LHAF KA, (HZECGOHFEATI AAFE /N
B. fECGOH, CiE=H) int A1 long  ZMESEXTMANFTTHINIERD, size t  FAALL4/EGOE
5 uint R ESEECEAN R

CGO+, HARCIESM  int  [F@EAN4FHHRAN, HEGOEFHCOK  int A uint  HE32M 644 RE o
B AN AT FATR N MRFEACEST TUIMGOIEFN  int KB, WfLUEI  Golnt  FHYS

A, Golnt A CGOT HAERM cgo export.h  SkxrfbrpiE . HsE cgo export.h  Skxrffr, A
RHIGOHUE I RAR & LT X R CIE 5 B8, B — A& LLURRIGo AT 4R . T H 2640 BT, _cgo_export.h 3k
PR R GORBER R B X, Ht Golnt A1 GoUint  KH4FHI%IR  Golnt64 Al GoUint64

typedef signed char Golnt8;
typedef unsigned char GoUintS8;
typedef short Golntl16;

typedef unsigned short GoUintl6;
typedef int Golnt32;

typedef unsigned int GoUint32;
typedef long long Golnt64;
typedef unsigned long long GoUint64;
typedef Golnt64 Golnt;

typedef GoUint64 GoUint;
typedef float GoFloat32;
typedef double GoFloat64;

7  GoInt 1 GoUint 24k, FAVIFEAMEIREE LYW Golnt32 Golnt64  ZFRAY, TAFHIMHEEZEEC
EEMCOMFMESI N <stdint.h>  SkUfF. ATHRECIES KA, £ <stdint.h> XFF, ANMEENEUESE
RUEREEAE T RN AN, T HAIGOE SR G A TN —5. GoigEA!  d(stdint.h> S 0ESEAINT LN 2-20 7

CiEERA  CGO%kAY Goifi 5K
int8_t C.int8 t int8
uint8_t C.uint8_t uint8
intl6_t C.intl6_t intl6

uintl6_t C.uintl6_t uintle6
int32_t C.int32_t int32
uint32_t C.uint32_t uint32
int64 _t C.int64 t int64

uint64_t C.uint64_t uint64

#2-2 <stdint. h> BNl

RIS, WRCIE S MRELE B2 A KRB AR, NG dd B C" R BV M (L WCiE S A unsigned short  ANRE
H#E#Ed  Counsigned short Vi), {Hi&, £ <stdint.h>  FHEIFHCIEZ K typedef  KEEF¥  unsigned
short  EHENN  uintl6 t  XFE—NERIGEFERSE, EATHTLLOET  Couintl6_t ViR ESRAY . unsigned
short KA. XFHRERMCIEZ R, HEMEM  typedef  REEFHRAL MMM AY G4, XFFEEFRTFECGOH
Vil o
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2.3.2 Go FRHBEMY

FfECGOEJKI)  _cgo_export.h  SKICMFHPIR S NGO F M FAT i UIA . 7l 35 DRGSR (0 8o S A Jent 37 )

Cili 522

typedef struct { const char *p; Golnt n; } GoString;

typedef void *GoMap;

typedef void *GoChan;

typedef struct { void *t; void *v; } Golnterface;

typedef struct { void *data; Golnt len; GoInt cap; } GoSlice;

ARFEEERZ, KT RAE RN AECGOT A — & MM N E, FCGONMATRIFLEGO 5 IRA HI3R AT b B L ik
TCIEF A, BT GO I CIE & s BN £ LA I CGOFF A SN HAt SRR AT R MG B R 8L, HGolB B4 A
i A A7 B R B RAT T TEVA AR R IX e th GOl 5 A BRI N A74R BT, ITRL e AN G 5 IR T A L

TS H CHE & BRECh AT LLE A Gor AF e T o BUCH LA R AN 5 IR 4

//export helloString

func helloString(s string) {}

//export helloSlice

func helloSlice(s []byte) f{}
CGOXAER)  _cgo_export.h  SkC{F2EE DA A EUH W

extern void helloString(GoString p0) ;
extern void helloSlice(GoSlice p0) ;

A FEE M, MR T GoStringZ8 RN 4xf  cgo_export.h  SKICAFFEAERR, TIXAN SR B A Y.

GOl.10%M W GOFAFERIGINT —4  GoString i@ XK, FLIMEKTECgoRIGH T REXS  cgo export.h  SkICfF/~
A BRI A KR o FRATTRT LA B helloString B 3 CHE &5 745 1 N

extern void helloString( GoString p0) ;

B2y _GoString JEWUE NI, BATFCHOEN ILIM B W AT R IR AT (5 2. GoLl. 1O i 7 LI Ry
ASRRE TSR RT R 4R h I EE AR AT E R

size_t GoStringlLen( GoString s);
const char * GoStringPtr( GoString s);

SR 022 N CIE 5 BRI 1158 SO RSSO, RS 5T R0E Sk SR s AR
2-3-3 %ﬁ‘]%\ &’%\ w%@

CIET Mg, A MESBIRREME N E 4 A B R AN BIGoiE 5 4R . 7EGoiBT H, FkdAiTvr LUE

i Costruct_xxx  KUFRICIE T E K struct xxx  ZGERIRSEAL, ZERIR D PN AEAG R 4% FRCIE & A8 A S, /5
320 GOl F I IECIE = S5 ARt IR 32020 T, 7E6447 GOt 5 ISR 4% B 6 AN KX A0 o Xoh-F-48 58 1 45k ot 75 00 0] (1 &%
Fyth, TiEAECGOH i .

SRR T AR
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struct A {
int 1;
float f;

import “C”
import “fmt”

func main() {
var a C.struct A
fmt. Println(a. i)
fmt. Println(a. f)

RS IR R 4 7 YT 2 GOl 5 IR T, W) DU AR Bl A 44 T SR R Sl iy i«

struct A {
int type; // type 7 Go 155 HIF#TF

import “C”
import ”fmt”

func main() {
var a C.struct A
fmt. Println(a. _type) // type Xf type

ERMBA2NR: —DRUGOH FRE T4, 7 —DNILHE LN RIZAMGoili 5 R i 4, A4 LLGoil & R 7 dr 4 1)
ROV TCIEVT R (BB

struct A {
int type; // type # Go 15 HIKHF
FGERCCGOXT type JKAHIVTIH

float type; //

import “C”
import “fmt”

func main() {
var a C.struct_A
fmt. Println(a. type) // type Xth/ type

CiFi & G5 R A f oz 7 BOM R B 7 JEVAAE GOIR & Ty 18], PR A5 B A v BUR A, 75 Zd i /8 CHE & o S B R ok 7 il
X R EACHA M R A, ToIAEGOTE & T BT MBI e R, AR H AR B A T (o B A B2 B AR 7T LA

=

I unsafe.Offsetof (a.arr)  KVilAl.

struct A {
int size: 10; // (/FETIEDIH
float arr[]; /AR HIE Ty 1]
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import “C”
import ”fmt”

func main() {

var a C.struct A
fmt. Println(a. size) // 4i2: fr =B

fmt. Println(a. arr) // #i%: ERKAGEH W L0751

FECHTF AR B FGoili 75 5 NS5 AL,
XA, BATATLOEE  Counion xxx  RUTMCHFHENM  union xxx M. HEGOFHIFASFFCIHIH
PRE R, e RN 740

#include <stdint.h>

union BI {
int 1;
float f;

union B2 {
int8 t i8;
int64 t 164;

)i 2

import “C”

import “fmt”

func main() {
var bl C.union BI;
fmt. Printf ("%T\n”, bl) // [4]uint8

var b2 C.union B2;
fmt. Printf ("%T\n”, b2) // [8]uint8

R EEECIE S MBS R, — A =Mk MR ECIES o Ul %s M2l GoiE =51
encoding/binary” F T ffhith sk 51 (7 B e R/ i) 81) ;s 55 = FUR A unsafe  ELERHIFE AN N SR (IR PERE B i
7 R). FilfERiEid  unsafe A5 RBEA M 577 =

#include <stdint. h>

union B {
int 1;
float f;
I
import “C”
import “fmt”
func main() {

var b C.union B;
fmt. Println(“b.i:”, #(*C. int) (unsafe. Pointer (&b)))

fmt. Println(“b. £:”, *(*C. float) (unsafe. Pointer (&b)))
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HR unsafe CLYT R A PERE L BRAT, (BRSO T A B G R A A H DAL T 2 S EUR R A . X T AR RIS 2
A, IR AR CIE & oo SCA B ek B 7 AL

ST MR, BATATLLEN  Coenum xxx  SRUTMCIESHE XM enum xxx  ZEARRAL,

enum C {
ONE,
Two,

import “C”
import ”fmt”

func main() {
var ¢ C.enum C = C.TWO
fmt. Println(c)
fmt. Print1n(C. ONE)
fmt. Print1n(C. TWO)

}
HECIEF T, MM ZX R int 280, RGBSR, AT LGS C.ONE . C.TWO  Z5E 5 )52 X
HIACEEE -

2.3.4 HAH. ZRFERU R

(ECIEFE T, BUHA LI BT —MEEE, R IR R AR E KL — BONAE, (EREAMRE ARG ST Aty —
ABRE . SEBR EAR SRR R A JCEREMhE . Oy TN, AR B KR AR R, CIEH T2
—AcharBR AL, AT I BRI RR 8 R INULL AP AL B e . CIE S TP ica U 982

1EGoifi H . B —FE A, i H AR KRB — NSy . Goili &5 7T 3 X N — B FERA E 9 A by te e 2
fIAAF. Goif & HITIR I — AR AR Bl A 4L -

Goifi 5 MCiH = IHAL, 4 83 Y J - 8] AT LA aT BLT A v Goif 35 U1 AN CHl 35 hR 1R — i K EEAAF IR TR AT 2 1] (R 5%
#.

CGOMICHEM IR T UL R — e %L, H TGothi 5 MCIE T 2 [H B A T4 B (R0 i 46t -

'/ Go string to C string
The C string is allocated in the C heap using malloc.

It is the caller’s responsibility to arrange for it to be

freed, such as by calling C. free (be sure to include stdlib. h
// if C. free is needed).
func C.CString(string) *C.char

/ Go []byte slice to C array

The C array is allocated in the C heap using malloc.

/ It is the caller’s responsibility to arrange for it to be

‘reed, such as by calling C. free (be sure to include stdlib. h
'/ if C. free is needed).

func C.CBytes ([]byte) unsafe.Pointer

// C string to Go string

func C.GoString (*C. char) string

/" C data with explicit length to Go string
func C.GoStringN(xC. char, C.int) string
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// C data with explicit length to Go []byte
func C. GoBytes (unsafe. Pointer, C.int) []byte

Hef o C.CString  HIEIARIGO TR, T ACESEAMN RS BEMTFHFEHCESH  malloc  HRETE,
AMEAN TEBELCEFN  free  HRERR. C.CBytes  EGBUAITHAEAT  C.CString  24fl, HITMMAKIGOIES
FAY T AN CIE S RA R S, [RIRER 0] 0 B2 75 A 3 I B C.GoString  FIT¥ MNULLEE ZHIC
W TR AN GolE . C.GoStringN  J& 57— NP Edl v ke sk % C.GoBytes  FHITMCIEFHMU, w
FE— NGOl 5 7 A .

AU D e B2 LLSE R X)) 22 AT . GOl & TR AR R Gl 5 34y, B AP MCHE S malloc  ME
M, ATLUEE  free  PAEURIC. MCHEE 7/ B IG5, WM NAFHGOE S plcE ., Wiz
ek B, Fedf i AR (K A7 HORAE S B I 5 A, BN R A PSRGoIE 5 MCHH 5 . sk 7 sUSE BRI n2 5 1
AN BRI (3 5L, s T I 5 0 OO 1) P9 A2 AN S A 3 A 9 2 S BURAMK T4

e reflect  BHAFRFHFMYITHIE X

type StringHeader struct {
Data uintptr
Len int

type SliceHeader struct {
Data uintptr
Len int
Cap int

WA S B A A, W LAEG O & BB Uy I CHls &5 I A7 5

#include <string. h>
char arr[10];

char *s = "Hello”;

import “C”

import (
“reflect”
“unsafe”
)

func main() {
// i reflect. SliceHeader #4#%
var arr0 []byte
var arrOHdr = (*reflect.SliceHeader) (unsafe. Pointer (&arr0))
arrOHdr. Data = uintptr (unsafe. Pointer (&C. arr[0]))
arrOHdr. Len = 10
arrOHdr. Cap = 10

/IS i
arrl := (x[31]byte) (unsafe. Pointer (&C. arr[0])) [:10:10]

var sO string

var sOHdr = (kreflect. StringHeader) (unsafe. Pointer (&s0))
sOHdr. Data = uintptr (unsafe. Pointer (C. s))

sOHdr. Len = int(C. strlen(C.s))

sLen := int(C. strlen(C.s))
sl := string((x[31]byte) (unsafe. Pointer (C.s)) [:sLen:sLen])
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FAE

B NGoiE & 545 i A i, HP HE A CARIEGoF AT 8 MM, JEZX N IICT AT i WA SR WS
PEHRE s -

TECGOH, £ A5 e A AR AN LT 45 46 ok 7 ) i 5 WA A S5 A 1K -

typedef struct { const char #*p; Golnt n; } GoString;
typedef struct { void *data; GoInt len; Golnt cap; } GoSlice;

ECHEZ P LLUERE  GoString Al GoSlice  KVjIHGOIE M/ B ML) F o IR RGoiE 5 a6 M, 7T LUK 4l
FEGY) B 5 BT B . DB R )R 6 B B R P9 A7 5 8] GOl 5 OIS AT I A B, IR AZECHE 5 TP AN BE K TR /£ Go N 77
5o

e T COOP A HUMIIA 5 R 3 F55h 241
2.3.5 REHAEKRER

ECIEF T, ARZEARREHE T bR R ey, AU S e gyt — S8 5 8. [H2GoEF N T AR
AN EAR AR A%, AT ATCHE S T et L 2 5 (5 BAEGOIE 5 AT AR 4R | TREHECIBET AL, e M B bt
s QO 28 Wy TR R A B — A ELZE R [

1EGOiH 5 AR IR 58 & — FUWA T EHAI T DUEIE . R —MBE R AR ity pedn &8 73— MREFE A 2 1
WD, s < AR R Z SR 72 A4 RS, I8 A FRBAT AT LA B He o ) e i il AT IR B ] e . (EE cQoZe
LN 52 24 sE A AN RS AR B I e ffe, R U IR A AR 2 GOt 5 AU 2 A% A5 IR 1

CQOTFAER]—A H IR AT i GOl 5 H4RIE, W Cili 5 MA BRI e R i2 5. DU MUISISOR 1 in TR XSS 4R
FHEAL Y AL T -

var p *X
var q *Y

q = (%Y) (unsafe. Pointer(p)) // #X
p = (%X) (unsafe. Pointer(q)) // #

N T EIXCRISRE BIY RSB A 8 e, TRAITFEAER)  unsafe. Pointer  /E N RN SCEIAS [FI 2B B HR 5 2 0] 1
e, unsafe. Pointer  fREFRBIZRMICIEF T voidx  RMAIFREr.

RS A R SRR R R R B
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X L= Y
T unsafe.Pointer =y |
I I I
I I I
I I
N ==Y

¥ to unsafe.Pointer

|
|
>
! fe,Pointer to *Y
:unsae inter to >

Y == *X i

= to unsafe Pointer

unsafe Pointer to *X

¥ unsafe.Pointer 7y I

B 2-1 X BIITEEI46Y K751

AEA B R #E T LI S e ey unsafe. Pointer  FREFEBILHFAMARAUER, A5 F IFR TR 0 RE AL
B BIRET () AR H

2.3.6 FEMIETHIHHR

AR ] G U 2%, (ERfEcgorh TSR LU L 1. FECHE 5 h 2 B B s AU FoR R B35, ot
0 T e S BN AN i T ) e B th it c g o 75 TGS 1R — A 1) AL

N T TERR IR ], Goifi B 2RI BB R T EAR L e R L Aid, Goth FEE XS unsafe. Pointr  fREFSEIURR))
SEXT —AuintptreA, FATTLluintptry iy, SCHEMERAE]  unsafe. Pointr  $REFEABIFA. FE5 G HTIHRBIH
Jrids BT CLSEBUBE AN TR B T

TR R TS Blint 328 B BICIE S/ charx  FAFHRIREFSRAUAOAT T4
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int32 <=> "C.char

int32 uintptr unsafe.Pointer *C.char

| | | |
Co L
|
|
. . |
int32 to uintptr -

uintptr to unsafe.Pointer

>

|

CGO :
| | | |
| | | |
| | | unsafe.Pointer to *C.char }]'
| | | |
| | :{ *C.char to unsafe.Pointer |
| | | |
| | | |
| | | |
| | _unsafe.Pointer to uintptr | |
| I{ | |
| H H | | |
< uintptr to int32 : | |

int32 uintptr unsafe.Pointer *C.char

/] 2-2 int32 fiI' char™ 5T #:4*

B I BG R BB AN Hbs: % RInt32%uintptr2é 2, )5 £uintptrd]  unsafe. Pointr #8412
M, HJhse  unsafe.Pointr  FREFEME|  #C.char KA,

2.3.7 Y1 R

TECIHE 5 EH R — R, R AN ) I B 2 ) (K e SRR B ) e e A SR AL . (HREAEGOTE i, S sl ZH Xt 2
PIR AR SR ET R, DR IRATHRATE I B S R B U0 i 2 A () e 46t o

AL Gois Fireflect Gt 7 YN KA MRIZ A, P45 G T IR RIA R A 2 TR F T R BOR B AT ASE
gooo0Ox om0 [y RERTI A

var p [IX
var q [JY

pHdr := (¥reflect.SliceHeader) (unsafe. Pointer (&p))
gHdr := (xreflect.SliceHeader) (unsafe.Pointer (&q))

pHdr. Data = qHdr. Data

pHdr. Len = gHdr. Len * unsafe. Sizeof (q[0]) / unsafe.Sizeof (p[0])
pHdr. Cap = qHdr. Cap * unsafe. Sizeof (q[0]) / unsafe.Sizeof (p[0])

ANFIGI R 2 TR e S BR RE Se i is — NI H AR YD, 2R FECA BV A TR Z BT HAR DDA ERXANY A A A
[, fEEFELenfICap/Eit. FFEIEEIZ, WRXEYRARA, LAY b Al fe FEEROM R, SLPrfUn /5 ZR 15 DL
TG AL B o

TR 1Y 1] A A ) B AR
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[IX <=>[1¥Y

var = [J# var px "SliceHeader
wvar vy [1Y var py "SliceHeader

I [1X and []Y to *reflactSliceHeader F!:

px 1= (*reflect, SliceHeader Yunsafe, Pointer(&:x))
py 1= (*reflect.SliceHeaderunsafe.Pointer{ &)

copy *px to *py |5

I
I
l
e
I
I
I
i
I

"py = "px

P

y changed by *py I],

Y o=
|
|
var x []X var px "SliceHeader
var y [1Y var py "SliceHeader

B 2-3 X RG] )1 #6Y R v

FxCGOHH ke, fE&E%E T “github.com/chai2010/cgo” i, #RULIEARMFEHIIEE, FARMLHNT AT L2554
.
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PRI 0

2.4 H¥AH

HORCHEB S MIEMNZ L, B CGORARBATAMUL AT LIEGoHE 5 HIMHCIE = M, LUK Gols 5 At HoACE S |

P X

2.4.1 GoFHCE¥
3T —AN 8 FHCGOR: IR, CGOLMih — AN CHL . I XA HE 0L Ca T LA CiFE 5 B AL

static int add(int a, int b) {
return atb;

import “C”

func main() {

C.add(1, 1)
}

PLERICGORM 1 Je 8 X T — A4 i N vl W iadd g $, #R 5@t C.add
2.4.2 CERENIIREE

X T AR B R CRRET, AT AL 3 3R HOGR [

static int div(int a, int b) {

return a/b;
import “C”
import “fmt”
func main()

v := C.div(6, 3)
fmt. Println(v)

LHrdivea Frsc il 7 — AN EEEREIIZ A, SRR IE IR AR R BRE RS R .

AIER T BRBOVO I I BT MR R A B o R BEAE RO O I iR [l — AN i, AR IR [ IEH IS5 2R . BUACHES A
SFRREIZAEER, B <errno.h>  ARMEFESEHL T —A errno  EMTIREBIEE KA. FATATLUZEUE

¥ errno  BRMNREZERERAR, WU TACREND - REHRARE T,

BT \ESE A ST

#include <errno.h>

int div(int a, int b) {

RS R8s R SCRS (www. topgoer.cn) i 4:- 94 -



PR 50U

if(b == 0) {
errno = EINVAL;
return 0;

}

return a/b;

CGOt4tx)  <errno.h>  ARUEEEN)  errno  ZEMHUMRFERSCRF: 7ECGOIH M CRRBUN WA WA R H{F, A4 2 AR ]
EHXN errno  FERIRSS.

Ve

#include <errno. h>

static int div(int a, int b) {
if (b 0) {
errno = EINVAL;

return 0;
return a/b;
import “C”
import ”fmt”
func main() {
v0, err0 := C.div(2, 1)

fmt. Println(v0, err0)

vl, errl := C.div(l, 0)
fmt. Println(vl, errl)

=

AT &7 A U

2 <nil>
0 invalid argument

PAIAT LT AL R div R BOE 1E N DL R R 5
func C.div(a, b C.int) (C.int, [error])

BB AR AR R W] 2 EE ferrordE I 2RAL, 2NN syscall.Errno  45iRIEHL,
2.4.3 void B¥HIR E{E

Citi 5 MAOEH — MR IIMER A MR %, Hvoid®omig MIE A . —BsI~, FATCIES M void A s HIKR NIE, Ky
BATIRIBME AT AFRE AT KB g2, cgoxterrnofit (ARFFRACEE, T DU 58 —ANIR ME KK CHE S IO DR . 0T
VOIdF M b 4L, IXAMFRERIA AT 2K

AR FRARAD A2 SR AT 32 [0 bR B R R B «

//static void noreturn() {}
import “C”
import ”fmt”

func main() {

A SRS T b BRSO (www. topgoer.cn) #4 £ - 95 -



BRI E5 T FH

err := C.noreturn()
fmt. Println(err)
}

BRI, BATTRIE 1B — AR IME, SRR AR MR R 5 R

//static void noreturn()
import “C”

PATH AT LSRRI — MR B, B MR CIE T void i B Gotd 5 24
import “fmt”

func main() {
v, _ := C.noreturn()

fmt. Printf ("%#v”

, V)

—

BATIR MR 27 A2 DT i
main. Ctype void{}

R el

PAIAT LA H CIE 5 Ivoid 2R AU B2 24 1 I main i
Ctype void 3

//static void noreturn()
import “C”

Ctype void  Z8#Y,
KRR, X T LB BRI void 2 ek £ 1 iR (R -
import “fmt”
func main()

{

fmt. Print1ln(C. noreturn())

Hsz ¥ Cil 5 fnoreturn sk 36 15 =2
}

BATIRAMCESG 227 4 LU il -

HAECGOA ARG _Ctype void
R AFR T EUE R TR
DL b A7 350 PR ARG AT ST, {H 2

B R — 0K (R B A R
A R T BRI A

[0]byte . [Hit

2.4.4 CHFIGo S i ¥k

fmt. Println %K
T I AT FRATT BT LIRS A S 4R CGOARRS I 5, o] DLMEE IR B2 IR T T A okl

ST RIEN T TE A1 D8RRl Goil & S 1 CiF

import “C”

=

BRI F
//export add

CGOAH — A KR HGom T NCIE T R XAERIEIRATT LLE UFCIES# M, AEEidGolhs
T H Goifs F EAT SR add ek 4L

Po

S,
func add(a, b C.int) C.int {
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return atb

addii A LNS R L, X T Goll Fok Ut WA IR A M. R NCIESMIERE, FilifaddiEue 2R
Cih F RS WA ARKGoRE S BN, WA —DEAKZE S ONCHEH MEadd S, IRA R R AR EEHEN B 2
BUAE 5 HLAL B I

CGO LI _cgo_export.h SCAF L S R I CHE R A . BATT AT AR AL CYR SR B
_cgo export.h XSRS HSHMaddkgl. WRAEELHTICGOS M AT S MCIE S addm#, WIEELI A
_cgo_export.h M. A cgo export.h S RUAR AR T B 2 BT SCAF AT LAIE R A AR, T a0 S BT ST NS
MRIUEAR AL _cgo_export.h  APK 2 38cgofn S8R

#include ”_cgo_export. h”
void foo() {

add(1, 1);
}

B HCIE SO, S OIE RSN 2 B0 [BE RS CE 5 AR F Ay, RIS i B AN B R 3 35 GOt 5 AR
ORI
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N F AL

2.5 WEHLH

XF T HIAHE AR CGO M ki, CGOMIR Z Rtk Ut . CGORFE T 2L lIL — A cgo i 447 T HAKAf B i GoMC 2 7]
HIFEACIS . AT FATZ M A RIS 2 TG ol 75 RCIE 5 B A B2 TR (R R -

2.5.1 CGO4: R m 3 #

LT R CGOBAR M R R 1 e 2 1 RCGOMAE e 7 MR il s o AT LAEA EE — A cgo WM I —A>  —work  fith
o i) A B SC AR TR ) 23 R ELAE A 2 58 BN PR B e () SO o i 2R B 22 cg o RS FAN T T LB il =TT go tool
cgo  HASKREE A b ] S

FE—AGOYESCAF, HAHBL T dmport "C” 4RA MK U ] cgodir 4 AR ORT B E) SO TR IR cgo i i Hh E) 3L
P R B

package main

nocgo_1.go nocgo_x.go

& 2-4 cgoE g1 ] 31

WHAANGOX M, HdnocgoFSkiscftigAs  import “C” 384, HEMI2ASCHMAE T cgoftit. cgofind e i
MLE T cgofRIBMGosL a2 F A S #F, Hln main.go 4056 main.cgol.go Al main.cgo2.c WAL, 48
JE A EAIE A _cgo_gotypes.go GO, HH A GoiE S M. MRS Al

_cgo_export. h bl _cgo_export. ¢ A, WNGoiE T BICIE 5 SRR £

2.5.2 GoiAFICE
Goifil HCRA e CGOB i W N 375, FRATTIE M 81 B 1891+ N T4 W Go il F CeR B VEA R FE

HAAMREIT (main.go) :
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package main

//int sum(int a, int b) { return ath; }
import “C”

func main() {
println(C. sum(1, 1))
}

BB TR T ROA R R AAFIEL cgodir AT LHAE_obj H s ph R A

$ go tool cgo main. go

T _obj F A s ) S

$ 1s obj | awk ’ {print $NF}’
_Cgo0_.0
_cgo_export. c
~cgo_export. h
_cgo_flags
cgo gotypes. go
_cgo_main. ¢
main. cgol. go
main. cgo2. ¢

Hd o cgo o _cgo flags Ml cgo main.c  SCAFFIFRATAARIDEA HEMIZ 4R CEL, AT LRI 2.

BAVEEE  main cgol.go T, ERAMain.go I FE I B SNC A I B U 28 5 I GofUAY -

package main

//int sum(int a, int b) { return a+b; }

import  “unsafe”

func main() {
println(( Cfunc sum) (1, 1))
}

Hr o Cosum(1, 1) HREGAREE#RAE T (Cfunc sum) (1, 1) o A4 Cxxx  JERIIEREHE S 2 i
N Cfunc xxx  HRMAIGok %, HAArg  Cfunc FTRXE—ANCHREL, XN —NAH KGolfriz k%L

_Cfunc_sum  BAE(Ecgo’ERlif)  _cgo_gotypes.go  AFHE X:

//go:cgo unsafe args
func Cfunc sum(p0 Ctype int, pl Ctype int) (rl Ctype int) {
_cgo runtime cgocall (_cgo 506f45f9fa85 Cfunc sum, uintptr (unsafe.Pointer (&p0)))
if Cgo always false f{
Cgo_use (p0)
Cgo use (pl)
}

return

Cfunc sum  PREMSHAIR[EME  Ctype int  ZBAEINFMN  C.int  2BE, @A Cfunc xxx
ANERIRTE T X o sR AN 2R 1Y
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Hr cgo runtime cgocall XN, runtime.cgocall  BA¥L, EEAIAEMIIT:
func runtime. cgocall (fn, arg unsafe.Pointer) int32

HASHRCE F RERIhE, 58 A SHURAAINCIE F B0 B S ) R st

EXAI T, BAENCIES R _cgo _506f45F9fa85_Cfunc_sum  HiEcgo A i M EH . BMEAE  main.cgo2.c &
e

void cgo 506f45f9fa85 Cfunc sum(void *v) {

struct {

int pO0;

int pl;

int r;

char padl2[4];
}_attribute  ((_ packed )) *a = v;
char *stktop = cgo topofstack() ;
__typeof (a—>r) 13
_cgo tsan acquire() ;
r = sum(a—>p0, a—>pl);
_cgo_tsan release();
a = (void*) ((chark¥)a + (_cgo topofstack() — stktop));

a—>r = r;

BABMEBSHAA —DvoidiE R IiREr, REGCAIRIAME . S s um bf 21 e B 240N IR [ (f 45388 1L 0 — 1) 2 g sk
B

_cgo _506f45f9fa85 Cfunc sum  BREAIFRAHIE A 454 A -

struct {
int pO0;
int pl;
int r;
char  padl2[4];
} _attribute  ((_ packed )) *a = v;

PO G N sum s — A28, plE G NMsumfiss — N8, i, _ padl2  FHTHEFEE MRS FCPUL SR
TR

SR NS 7 (R 25 A (AR FH 28005 A6 TR B CIE & iRsum R, I BLRF IR [RIE TR RE 1 25 14 04 P IR [ B2 PR AR O
KNGOS 5 MICHE &5 A E AR WA R B0 GG, Jed _cgo_topofstack & EUHH SCHIARAD FH + C ol 20 H s &
W _cgo_tsan_acquire  Fl  _cgo_tsan_release  JUlJ&H T CGOA I bR FUN A2 % CGOAH I R ZU M HR £l AR
PR

C.sum  FEENARARFERWNT:
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C.sum(2, 3)
main.go main.cgol.go _cgo_types.go runtime.cgocall main.cgo2.c _cgo_export.c

func maing {
Csumi(2, 3))
}

func maing {
_Cfunc_sumi2, 3))
}

func _Cfunc_sum(2, 2) double {
_cgo_runtime_cgocall(...)
return

}

_cgo_runtime_cgocall(..)

¥
¥

double _cgo_xxx_Cfunc_sumi2, 3) {
return sum(z2, 3)
3

L

——

sum(2, 3) l

_tgo_runtime_cgocall(...)

®

&l 2-5 J/HC %

Hrfh runtime. cgocall  HEUESLIIGOIE F BICIE T RS UM AT RN AT LS
https://golang.org/src/cmd/cgo/doc.go WHIHIARISVEREF  runtime. cgocall — BRELISEIL,

2.5.3 CiiFiGoE#

FEMHT T Gol FH CoRELAR f5, FRATEIAE R/ T C ) 1 F Go s B i i . [RIRE, FRATELIIE — A Goll & fRAsumed
%, XHAFMEN  main go

package main

//int sum(int a, int b);

import “C”
//export sum
func sum(a, b C.int) C.int {

return a + b

}

func main() {}
CGOMEIEAN TN . N THECIES T FsumE$, BATHEKGofCL % A — N CE S
$ go build -buildmode=c-archive —o sum.a main. go

WERBATHIRE, DL EgRIEG SRR A suma  FEEM sumh 3CfF. HAF L sumh SKSUER A Esum
PRB A ], S PO A 2 sum R B S

T A I CIE 5 il sum R B RS, [RIRE /5 2520 Hircg o 2B B F 1] ST A«

AR I RSO (www.topgoer.cn) 1) 4- 101 -
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$ go tool cgo main. go

_obj Fsgif 2 L SR P I SCfF e O T BB TTE, AL 2 1 IR LA ST

$ Is obj | awk ’ {print $NF}’
_cgo_export. c

_cgo_export. h

_cgo_gotypes. go

main. cgol. go

main. cgo2. ¢

Hri cgo export.h  SUAFMINARVERCHAER =AM sumh  SSCERRFEANSCH, B FEREE S sumer
Uip

WEARCIE S R B A, FRATHZHE CIE T sum R i sSEI 6 73 . CHE S AR Y sum ek B7E 2R AR
1 _cgo_export.c AR ARG HIEGOE E Tl s A0 KK CIE F R EL I -

int sum(int p0, int pl)
{
~ SIZE TYPE  cgo ctxt = cgo wait runtime init done();
struct {
int pO0;
int pl;
int r0;
char  pad0[4];
} __attribute_ ((__packed )) a;
a.p0 = p0;
a.pl = pl;
_cgo tsan release();
crosscall2( cgoexp 8313eaf44386 sum, &a, 16, cgo ctxt);
_cgo tsan acquire() ;
cgo release context( cgo ctxt);
return a. r0;

SsumM R P 2R AT 2R AR, K sum BB S ERLR M TR 2] — AR d, SR)5E
& runtime/cgo. crosscall2  RECKLEMIMAEAEYY cgoexp 8313eaf44386_sum  PRELHAT .

runtime/cgo. crosscall2  MRECRAICYIE 5 LI, B X NI R EUE BN

func runtime/cgo. crosscall2(
fn func(a unsafe.Pointer, n int32, ctxt uintptr),
a unsafe. Pointer, n int32,
ctxt uintptr,

Ferh et fnAla, fno o ACEE s BURTR SR, a e Xt LU F S5O IR Il (K 25 R (A AR

AT cgoexp 8313eaf44386 sum  REERRELAE cgo gotypes.go M4

func cgoexp 8313eaf44386 sum(a unsafe.Pointer, n int32, ctxt uintptr) {
fn := cgoexpwrap 8313eaf44386 sum
_cgo_runtime cgocallback (#* (**unsafe. Pointer) (unsafe. Pointer (&fn)), a, uintptr(n), ctxt);

func cgoexpwrap 8313eaf44386 sum(p0 Ctype int, pl Ctype int) (r0 Ctype int) {
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return sum(p0, pl)

NEBESUMMIBE R %L cgoexpwrap 8313eaf44386 sum  1ENBEERET, #R55H cgo runtime cgocallback  BE¥5E
RCIE = BIGo R F i [H1i T1E.

_cgo runtime cgocallback  BERH(XFR.  runtime. cgocallback  BRA%L, PREUSSTUIR:

func runtime. cgocallback (fn, frame unsafe.Pointer, framesize, ctxt uintptr)

SOOI HIERBERET, RS EONIR MUEX R S5 H AR TR, BB IR N B R SCS L
AT

c call go func
_testmain.c _Cgo_export.c runtime/cgo/*.asm _cgo_types.go main.go

int rain {
extern it sumnt a, int b)
sum(l, 2)

return 0

int sumint po, int p)
struct { int po, pl, ro; ba
_Cgo_ctxt = _cgo. wait_runtime_init_done(
crosscall2 (_cgoexp_xox_sum, &a, 16, _cgo_ctxt)
_cg0_release_context(_cgo_ctt)
return ar0

L

TEXT crosscall2(58), NOSPLIT, $0

¥
¥

func _cgoexp_xxx_sumia unsafe Pointer, n int32, ctxt uimptr) {
@~ _cgoexpwrap_xxx_sum
_cgo_runtime..cgocallback(
_cgoexpwrap_xxx_sum,

bl
b

func _cgoexpwrap_xxx_sum(p0, p1) r0 {
return sumipo, pl)
}

f/export sum
func sum(a, b C.int) C.int {
ratm a + b

TEXT crosscall2(s), NOSFLIT, $0

®
4 2-6 15 GO A ¥

Hd - runtime. cgocallback BB SBICIE 5 BIGoIH 5 RO S S HI A S HE . S TRAN AN 1T DAZ 25 M 9% s B S B
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S BAqsort

2.6 L% Hiqsort

qsorttRiE T BBUECIE S MmN REL SR T A CHEF s s, W DU & 28R B AT T . AT RT3 TC
T qsort Rt 3 — AN Goil B iU I qsort % .

2.6.1 iAHqsort® %
QSOPHUEHE R EACH | <stdlib.h> | BREEEEIROL EECHAIIIT

void gsort (
void* base, size t num, size t size,
int (xcmp) (const void*, const void#)

HihbaseZ e EHF AL E N R AL, num2 Bl TR, size R BULPRANTTRIRDN . SRR emp AR
BREL M T B ERE AN ST R AT HT . cpHEF B AR S 2 800 5 LU AN DR I, 2R — S
X RITERR T ASH R JCE AR BIZE R KT 0, WERMANICRMANERE0, R —AIea/N T8 /o R MR Al 45
RANT0.

T BTS2 FH CiE E igsortf —ANint 288 i B AT HE -

#include <stdio.h>
#include <stdlib.h>

#define DIM(x) (sizeof (x)/sizeof ((x)[0]))

static int cmp(const void* a, const voidx b) {
const int* pa = (int¥)a;
const int* pb = (int%)b;
return *pa — *pb;

}

int main() {
int values[] = { 42, 8, 109, 97, 23, 25 };
int i;

gsort (values, DIM(values), sizeof(values[0]), cmp);
for(i = 0; i < DIM(values); i++) {
printf (“%d 7, values[i]);

}

return 0;

Jd DIM(values)  ZEHFIHHEL LRI, sizeof (values[0]) AT iHEEA LR IR,
cmp2 M FHEF I LR F A e Rm KN AR R, A T BT A R S RS Y, AT cmp RN B EUE SO FT S0
AL 1) R S R A

2.6.2 #qsortBEMNGoL T H
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N T ITEGOIEE INAFCGOH F i Hiqsort e £, A7 ZRCil 5 gsort s E B Ay — MR A5 I (1IG o BR L -

HGoiEEHqsort A E LA gsort.Sort BRI

package gsort

//typedef int (*gsort cmp func t) (const void* a, const void* b);
import “C”
import “unsafe”

func Sort (
base unsafe.Pointer, num, size C.size_t,
cmp C. gsort_cmp_func_t,

)
C. gsort (base, num, size, cmp)

}

K HGOoE 5 ICGOTE & ANIF MR A CIE 5 IR AR A, RITE CIE 5 23 1D A bl 2 28 2 1 3 e S —

/N gsort cmp func t A,

BIRSOrtiR L E T T, (HEXT T gsort il Z 4w Fl PRSI AN RE E #2481 F 1% 08 Btl——Sort ik £ S a5 7 AL Crus 4t
%,

TECGOM A FBHLE— AT A, MIICH F I LM 2RI S AN R A5 i Cosize t &
WEI N Ctype size t C.gsort cmp func t ALY N Ctype gsort cmp func t

W CGOAI 5 HISort ek H i ML N R -

func Sort (
base unsafe. Pointer, num, size Ctype size t,
cmp Ctype gsort cmp func t,

R FE AN T EMiE Ctype size t A1 Ctype gsort cmp func t  REIFKISHm Ioi24d FH Sorted £ .
Rk, 5 H Sortef Fr) 2 HURR R E 8 Gt HE LC A 1 A«

TR BESort B A S B AN S LA T

#include <stdlib. h>
typedef int (*qsort cmp func t) (const void* a, const void* b);

import “C”
import “unsafe”

type CompareFunc C.gsort_cmp_func_t
func Sort(base unsafe.Pointer, num, size int, cmp CompareFunc) {

C. gsort (base, C.size_t(num), C.size t(size), C.qgsort_cmp_func_t(cmp))

}

A PR FELCAL R SRR IE I Go il & 2R, 76 PR I CoR A F8 e RO CRR TR A28 o [RIR AN PR AN T4 i
gsortfl R ICH .

DA AT Jg 7= i Sort ek B3 F 5 =X
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package main

//extern int go_qsort compare (void* a, void* b);

import “C”

import (
e
“unsafe”
gsort ”.”
)

//export go qsort compare

func go_gsort_compare(a, b unsafe.Pointer) C.int {
pa, pb := (xC.int) (a), (*C.int) (b)
return C. int (¥pa — *pb)

}

func main() {
values := [Jint32{42, 9, 101, 95, 27, 25}

gsort. Sort (unsafe. Pointer (&values[0]),

len(values), int(unsafe.Sizeof (values[0])),
gsort. CompareFunc (C. go_qsort compare),

)

fmt. Println(values)

N T EMSortim L TATH R Goili ST BUE bt JTTER A TTEIDNERERBAE NI 24, AR 24— Cil
=R LR AL

Hrhgo_gsort_compareft HGois & LB, JFSHBICHE S SRR E, M T qsortH w1 L e 4.

H 298 7 Cili & fgsortbib e, IF ol Lo ey g e . (B2 gsort. Sort  MEICAAREA
e AL M P R CIE S I LR E, XNV 2 GolE F I & — ki, T — P EA T4k S:iltgsort s ) B2 R 4L,
eulIm )0 e B AU Gl 5 1 LR 2

BB P 0 CGOARAS 1) B A -
2.6.3 Bukt: HEBRHIENHLERY
FE U FTEAT IS8 BTN Gotl: 5 sortfl | 4 (k7 s 2 42 11«
func Slice(slice interface{}, less func(i, j int) bool)
FriE FEft sort. Slice R A S il AL s HR e LUACRR 2, XU A R 7 AR T 0

import “sort”

func main() {
values := []int32{42, 9, 101, 95, 27, 25}

sort. Slice (values, func(i, j int) bool {
return values[i] < values[j]

b

fmt. Println(values)
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FATR =R CIE F I gsort sl £ Ry LU R UM Goth 5 R4k

package gsort

func Sort(base unsafe.Pointer, num, size int, cmp func(a, b unsafe.Pointer) int)

PHAELBR B T OG5 BB R TGV BN P iR Bt A CHE 5 Rl gsortedi .
NBEFRATAT L Gotyits — Al BLG OV CHE 5 ROAREERR L, AR — A4 JR AR B I I GR A7 24 3T 9 P E LA e A

AT

var go gsort compare info struct {
fn func(a, b unsafe.Pointer) int
sync. Mutex

//export _cgo qsort compare
func cgo_gsort_compare(a, b unsafe.Pointer) C.int {
return C. int(go gsort compare info.fn(a, b))

HAPSHCIEF RS _cgo_gsort_compare e AFHMIgsorttb#im%, WHiEEL  go_gsort_compare info.fn i
R P L BR A

HTHISort LAk R F s

V3

#include <stdlib. h>

typedef int (*qsort cmp func t) (const void* a, const void* b);

extern int cgo qsort compare (void* a, void¥ b);

import “C”

func Sort(base unsafe. Pointer, num, size int, cmp func(a, b unsafe.Pointer) int) {
go gsort compare info. Lock ()
defer go gsort compare info.Unlock ()

go_gsort compare info.fn = cmp

C. gsort (base, C.size t(num), C.size t(size),
C.gsort cmp func t(C. cgo gsort compare),

=

SFUCHEF T, X4z Rffigo_gsort_compare_infodS s ing, [FII 2 T A A R SR AF Bl e R AR, RS T A Gl 5 [ gsort ik
"

°

BT R LR E, JATAT LA 2 7 i HE AU

func main() {
values := []int32{42, 9, 101, 95, 27, 25}

gsort. Sort (unsafe. Pointer (&values[0]), len(values), int(unsafe.Sizeof (values[0])),
func(a, b unsafe.Pointer) int {
pa, pb := (*int32) (a), (kint32) (b)
return int (kpa — *pb)
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)

fmt. Println(values)

U HE AR5 258 CGOSEBLCHR 5 A M EL B 8 17, nT LM AN Goif & MR R B o HL B es
B SN HET UK R K ifunsafetd, X &5 Goils & Mt ~J 1 1.

2.6.4 Zu#: HERA P Xfunsafe @K

Al — A RA ) gsort. Sort (2R e £ L 22 L B W R Cil 5 A fiqsort 5 AR 2, (ERUCARIR i 1 1R 22 G 3 i 2 50 45 1 FR 7
AR AT Ak it e R B, 2V BRxTunsafe WM, JFSeBl— AR AU & hrsort. Slice UFHEFF B %K.

BT B R A W

package gsort

func Slice(slice interface{}, less func(a, b int) bool)

o, BT sliceff N MM SRt N, KR AT LUE RS A [ 00 J 2828
IRV B E A TER IR JeE AN E /N AT LU R reflect SUR 6 M A R

NTRAALERHY ETFUEE, TR EAS RS INZEH P S TRANMER TR NG R, B E s
less:

var go gsort compare info struct {
base unsafe. Pointer
elemnum int
elemsize int
less func(a, b int) bool
sync. Mutex

A LA R A AR TE R AR AT . R B A TR AR IR T 3R A RN ST 0 RO R 2R 5 R AT
IR A AR i less bR B EL A 45 IR [l q s ort el s Bk aU ELE 28 L

//export _cgo gsort compare

func cgo gsort compare(a, b unsafe.Pointer) C.int {

var (
'/ array memory I1s locked
base = uintptr (go_gsort compare info. base)
elemsize = uintptr(go gsort compare info.elemsize)

)

i := int((uintptr(a) — base) / elemsize)

j := int((uintptr(b) — base) / elemsize)

switch {

case go gsort compare info.less(i, j): // v/i] < v[j]
return -1

case go qgsort compare info.less(j, i): // v/i] > v[j]
return +1

default:
return 0

}

A SR 3 R SCRS (www. topgoer.cn) i %E- 108 -



sEff: BHdEqsort

HrivSlice e Fu S B «

func Slice(slice interface{}, less func(a, b int) bool) {
sv := reflect. ValueOf (slice)
if sv.Kind() != reflect.Slice {
panic (fmt. Sprintf (“qsort called with non-slice value of type %T”, slice))

}

if sv.Len() = 0 {
return

}

go_gsort compare info. Lock ()
defer go gsort compare info.Unlock ()

defer func() {
go_qsort compare info.base = nil
go gsort compare info.elemnum = 0
go gsort compare info.elemsize = 0
go gsort compare info. less = nil

10)

baseMem = unsafe. Pointer (sv. Index (0). Addr (). Pointer())

/' baseMem maybe moved, so must saved after call C.fn

go _gsort compare info.base = unsafe.Pointer (sv. Index(0).Addr (). Pointer())
go_gsort compare info.elemnum = sv.Len()

go _gsort compare info.elemsize = int(sv. Type().Elem().Size())

go gsort compare info. less = less

C. gsort (
go _qsort compare info. base,
C.size t(go gsort compare info.elemnum),
C.size t(go gsort compare info.elemsize),
C.gsort_cmp func t(C. cgo gsort compare),

T AW N R D LA U P R . SR el S R g sort i B AT EE I U A (5 B IR I G F i gsortei £

FEF AR ) BR HFAT AT AR PR A oA AR A0A 1) 5 G HE P00

import (
et
asort ”.”
)

func main() {
values := []int64{42, 9, 101, 95, 27, 25}

gsort. Slice (values, func(i, j int) bool {
return values[i] < values[j]

b

fmt. Println(values)
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N BT, HEF M E SR go_gsort_compare_info  #AEH, FRATEAT T RN
(Kt B AR A gsort. Slice B T I R HAT I, 13 vl L H 2 2Rt iX AN BRI .
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CGON 7A=Y

2.7 CGORNFF#iR

CGO/ZZLEGOI H MCHT 5 MM AL, e e —HbfE DR M8l 108, (B AT T 7 DR W Rt 35 (10 AL 7 28 £ 22 S5 T
FIRESDE I AL . a1 RAECGOAL PR N #51H = pR AU I I K B 7 4R, MIPTBE & M BLGoil 5 A Cili 7 35— BOA A7 I
Wste FAVRIECE T IMWWFE D BCZ G AATER, (HZGoll 5 By R FAR I sl i 4 vl e S Bk b WA B HE IR 3 (IX 52 Go
MCHABA R ZE ) . WERCHE S A 2R3 2 T IIGOTRER, IS4 LLIHFEE! U i GOXS Gy 2 5 80R Fr ji 15t

2.7.1 GojHICH#E

Cifi 5 R A RTER, REARPANIRATR, I A/EGoiR 5 2l IS KAE ] . fEGoil & U Cif 5 WAF2
TR T, RAMEZATHE T a2 i 2 k.

KRGO 3 SRR G, FRATTCEAEGOE S halE K T 2GBAEIMITIF (ki 2% makesliceszBALHS) . Ak Bicgoty
R, AT UAECE S HEEIE KT 2GBINAE, R G4 NGoE = Y A6 :

package main

#include <stdlib. h>

void* makeslice(size t memsize) {

return malloc (memsize)

import “C”
import “unsafe”

func makeByteSlize(n int) []byte {
p := C.makeslice(C.size t(n))
return ((k[1 << 31]byte) (p))[0:n:n]
}

func freeByteSlice(p [lbyte) {
C. free (unsafe. Pointer (&p[0]))
1

func main() {
s := makeByteSlize (1<<32+1)
s[len(s)-1] = 255

print (s[len(s)-1])
freeByteSlice (s)

Bl7 th A lEE makeByteSlize X B K TAGAAF R/ . WiiZeid 1 Goifi 5 SEBURI RG] (FE ZARISIRAED - 1
freeByteSliceli Bl ed H U 1 TR N CIE = BB 81 il

KUNCIE E WA R Y, 25T Cifi s WAFIE R U R AR E /), ASBINGoill 5 IR pA23) .

2.7.2 ClslHFR£EANRGo N

AR I RSO (www.topgoer.cn) 1 #- 111 -



CGOW 15

CQOZ it LMFAERI — RIFFR LN T T {EAEGOIE & i it 25 ) L HAEoR AT C/CH +15 5 B 1K R A B2 U
C/C++RZ FE#R I it ZHET TR A ELER AL AL N A AF B (1, Btk cgo th AR £ 5 2 Go W A N CiF & B BLHI N I 7 5t

BB — A st JA TR — AL T goroutinue M4k EIGoE 5 WAEE N 7 CIli 5 B BUS, (ERLCHE & BT iR, ik
goroutinue Ik F A A S BRI A T4 g, it 80T JFRIIGOIE 5 WAFBRS S B 1R AL EL . (F2 BN s 2ICIE &
AR HIE %GO & WAFCARE) TALE, T5R AT MR AR % 7 —— X B A LR — M (]
WAL IER) , WL UCT & NGO N A7 Al B/ AN 42 (1) !

LA RPCIE R I K 7 ] RE 5 S8 1L 78 AR B ) U7 UL B A5 BNCIl 5 WAFARE ORFIE, fECI 5 RISETTRE
FIRER/ANFI AR, ARJE GO W AFIRGE BICIY 773 8] s 3R ol A A A7 o an st b B, PR 91— B o S B ) L AR S

package main

void printString (const char* s) {
printf("%s”, s);

import “C”

func printString(s string) {
cs := C.CString(s)

defer C.free(unsafe.Pointer (cs))

C. printString(cs)

}

func main() {
s := “hello”
printString(s)

FETRE GO TR e NCIE S, il C.CString KGOtk & 45 53 6T B A A7 50 S B8 U i Cl 35 A 7 23 )
b RHIGIT AR B B AR e A, HRBCERIACT (RAEZ R AAFIFENERITTR) , R ER S

N T A TF R AL LA 17 CIE 5 12 AN GO1E 5 WAFIY S, cgofhxiZassite 1 R TN 7ECGOHHI I CiE 5 BR #ik [a]
i, cgofRibfe NKIGOIE F WAFEILIIIA A S A a5, Cilt s AT LURIH M HI Goil 5 A 77 !

R B IR FAT AT LA B B NGO R 1K) A A7«

package main

#include<stdio. h>

void printString (const char* s, int n) {
int 1;
for(i = 0; i < n; it+t) {

putchar (s[i]) ;

putchar C\n’) ;

import “C”
func printString(s string) {

p := (kreflect. StringHeader) (unsafe. Pointer (&s))
C. printString ((*C. char) (unsafe. Pointer (p.Data)), C.int(len(s)))
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func main() {
s := “hello”

printString(s)

Bl BT s I EL e, HoE S 1 M BCHN I N AR SRR TR

AT 58 S& A B A Wil FH IS (k. CGORYIX AR A5e 2 AL 2 77 AL e B 1 . BRAT VR I ) Ct 35 bR 5 2K IN [R)i2 AT
W ats 2 FERWAL TGOl 5 WAFECIE S [T ANRER RS0, NI AT BE 8] 23t 3 EUX > Go WAFHxT i [ goroutine A B3

BMAER A, WMt il i R 20X ~goroutineifHZE . DI, 77 BRI MIZ 17 MCHE 5 B (R EAICPUIS S 24, ik
FIREDR D it A A L e I BT i B AN 2 I 1) A BE e R D, T ZHE AL AR AT GOll & AT -

ALTTENO BT Go AT Ja i 2 5 EAR NCIHEF BB, ANBEORAT BN 22 B )5 fHREAL ACIE 5 s 3. AI9CGO M fefi
TEAECREO I 2 JEHite ARIGOE & WAEA SRR S, EIFAREIRIEE A2 N CRBCZ AT AAF AN A 2B AR 1L

DU AR R HE R «

/) HRIICHY

tmp := uintptr (unsafe. Pointer (&x))
pb := (xint16) (unsafe. Pointer (tmp))
*pb = 42

PRUNEMPIFASEIRET A, AR e BIGox R 2 Jr xR RES WAL, (ERBINAZIRH I, U AL Golli 5igfT
S SR BT A b . ZEESR BRIt mp PRI Goxt S iftthl, FITECHE 5 IR LIS GoX R BE B2 — R R
HIGOM RNAERAET Bal, Goili BTt ARG R e,

2.7.3 CKHIFFHGoRE &

TERN—AGole /7 AL T CGOMIE RIR &N B2 Goll HCer . HsiCGOHr, Cifi & st i A Gotl & S LR R 4.
FEALERATT N GoIE E S — A ah& ke, S CIES MRz D e, HCE S W80k Gotl 5 MBI, CiE s
BRHUILR VRN TT . Goili & BRI EUR Ml G oXS R A7 ) 2B di i W sl B AR 1 GOl S AT I R EE. s 2, BATA
REAECHT 5 B B T Golfi 5 XM RN AE .

BARGOIH F 25 IEECIE F A KIS GofR e X 5, AR IRFP TSR T SRAFAER . AR ZAECHE & b Ui Goili 5 WAEAS
%, FATTLLK Goili 5 WAFA RAEGOE & % MU A —ANint R id, 48558 eid ok [ He 7 1) Rz ] Go il 5 X R o

DU ARAS FH TR Gosxt it Jy #4525 A ff) Objectld, 58 2 J& 75 22 i Hl free J7 iR JiUiZon 41D

package main
import ”“sync”
type Objectld int32

var refs struct {
sync. Mutex
objs map[ObjectId]interface{}
next Objectld

1

func init() {
refs. Lock ()
defer refs.Unlock ()

refs. objs = make (map[Objectld] interface{})
refs. next = 1000
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func NewObjectId(obj interface{}) Objectld {
refs. Lock ()
defer refs.Unlock ()

id := refs.next
refs. next++

refs.objs[id] = obj
return id

func (id ObjectId) IsNil() bool {
return id ==

func (id ObjectId) Get() interface{} {
refs. Lock ()
defer refs.Unlock ()

return refs. objs[id]

func (id *Objectld) Free() interfacef{} {
refs. Lock ()
defer refs.Unlock ()

obj := refs.objs[*id]
delete(refs. objs, *id)
*id = 0

return obj

FATHEE — S map R GoiE F X GUidAT ST R . Hr'NewObjectid A TG g — /MRS R405E Mid,  midxy S 7572
T RS AR GO R, B m LU T4 Rid A AR Go Xt S I 4852 «

N AR E LG RV S, AT AR CIE = R AR -

package main

extern char* NewGoString (char* );
extern void FreeGoString (char* );

extern void PrintGoString (char* );

static void printString (const char* s)
char* gs = NewGoString(s) ;
PrintGoString (gs) ;

FreeGoString (gs) ;

import “C”

//export NewGoString
func NewGoString(s *C. char) *C.char {
gs := C.GoString(s)
id := NewObjectId(gs)
return (xC. char) (unsafe. Pointer (uintptr(id)))
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//export FreeGoString

func FreeGoString(p *C. char) {
id := ObjectId(uintptr (unsafe. Pointer (p)))
id. Free ()

//export PrintGoString

func PrintGoString(s *C. char) ({
id := Objectld(uintptr (unsafe. Pointer(p)))
gs := id.Get (). (string)
print (gs)

func main() {
C.printString ("hello”)

}

fEprintStringsi e, FATEL NewGoString g — M3 M GO FAFEXT R, REHH SR —Ad, NEEEEMH. ®AIMY
HIPrintGoString MUK id T NGOIE & FAFth FHT Bl P AFRAECIE 5 BT 58 I T Goili 5 I B, 7
PrintGoString i FH i R & 4 T 4% 145 S BN Go w745 H ML bk R A2 8 A MR AR T DAIE 5 TAE,  DRONZ 47 H 6 REfRid 2 R 11,
TEGOTE T 4% AL ol i A5 75 28] ) 755 R AR A2 A 2000

2.7.4 FHCEREAREIREIGONF

TEGOIET 11, Gosg N 5E (¥ M A0k 2 1B A3 A A7« T il 5 20 BC I AL A2 AN R A T Go 1 35 (R BE 1A ESDL N A7 2 ) . 7
CGOME, Goifi Hiz TN BRI EE T iR B (Y A A7 A2 572 NG OTE 5 70 FC i, A SR I 2 B AT I S

NI A CGOIZATIN 5 # 51

extern int* getGoPtr();

static void Main() {
int* p = getGoPtr();

*p = 42;

import “C”

func main() {
C.Main ()
}

//export getGoPtr
func getGoPtr() *C.int {
return new(C. int)

}

HrfigetGoPtrik [F] [) B4R & Cil 5 R MFREN, (HRNAA L ZMNGoiE F Mnewk EI0 L, B2 HGols FigfTif 4 — &
INTF . SRTEIRATECHE S IMain B B0 h i 1 getGoPtref %,  BLi BRI R IKIS 1T 3

$ go run main. go
panic: runtime error: cgo result has Go pointer

goroutine 1 [running]:

main. cgoexpwrap cfb3840e3af2 getGoPtr. funcl (0xc420051dc0)
command-1line—arguments/ obj/ cgo gotypes. go:60 +0x3a
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main. cgoexpwrap cfb3840e3af2 getGoPtr (0xc420016078)
command-1ine—arguments/ obj/ cgo gotypes. go:62 +0x67
main. Cfunc Main()
command-1ine-arguments/ obj/ cgo_gotypes. go:43 +0x41
main. main ()
/Users/chai/go/src/github. com/chai2010 \
/advanced-go—programming—book/examples/ch2-xx \
/return—go—ptr/main. go:17 +0x20
exit status 2

S UL cgo R HUR IRl 45 R b & GOl 5 LR £ . FEET IR B A A AR AECHE 5 i getGoPtres 2, B2 Hicgoi ik
FIMHECIE S MGOiE 5 AR L.

& cgod I CIE 5 A getGoPtrif By FAAR4NTT (fEcgo4Epklfl  cgo_export.c  SCHFE S -

int* getGoPtr ()
{
~ SIZE TYPE  cgo ctxt = cgo wait runtime init done();
struct {
int* r0;
} __attribute  ((_ packed )) a;
_cgo_tsan release();
crosscall2( cgoexp 95d42b8e6230 getGoPtr, &a, 8, cgo ctxt);
_cgo_tsan acquire() ;
_cgo release context ( cgo ctxt);
return a. r0;

Hrf cgo tsan acquire 2 MLLVMITH B RN AATREF MR AL B A cgomBUR P45 B2 B A& GotaEl .
YN, cgoBRUNTIR B4 R FRE AT & RGN, ReilJE cgo B B0 8] 1) 45 52 — A A M S5 M i AL 2 B %

FIR ], G iR ORI R T cgo R BUR Ml (145 A % A 1)iE, AILUE & EIAETARE  GODEBUG=cgocheck=0  SRICMTREN 67X
7M.

$ GODEBUG=cgocheck=0 go run main. go

Klcgochecksfit J5 FiaqT LA SiA 2 ML B 00 = (1. (R B RINE, R CiE 5 A H H 6. 1 A A7 Goig 47
BHREL T, K2 SEOE ™ E R L. cgocheckBRIAMIMEEL, X —ANEARRAS ARSI, dun SR 75 22 e 2 0 A6 00 Th B AT LCKs
cgochecki% & N2,

KT cgoiz AT I FREIHAS DN (I Th REVEAR 1 T T LA S5 Go il 5 1 B 7 SCRY .
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2.8 C++ K%

CGORCIHEFE MGotH F ZRIIIMFEE, N E Tk B SR C++ 138 . CGOASHFCH + ik I IRA S R 2 C+ + 24 A EE AT
A OIS (ABL) o —NCo + SR RE B UG B3 H RSP I T R BE B AT 5 A0k DiEAEAN R B 22
C++IIANFRRA Z [ #AREA—FER . ERCH+HRAAECES, FriddkiTey LUd i —HCiE 5 s EdE D ENC++KMCGOZ
IR, SXRERLTT AR S C+ + M GoZ M LIk 244K, KACGO R SHFCIR & T HR MR AR AL, I AFRAT TS Tovk
B HC++105 S B RHER -

2.8.1 C++ 3] Go ESXR

KILC++HKBGoil 5 X R R E LUR U PR HoeR HAICKR Eu% N i CH+3¢ HuoL i CGOR i Cre £
P BIGor % fm 2 —NGohext R, FC++BITT L Goxt R T5EI

2.8.1.1 #ZE /P C++ K

NTEORER, FATEET stdiistring M ANEREBRAIZAFEMyBUffer. B 1SR BT R B Sh, A A R
PR E 3 TR BRI B S S A AR (K K/ o B2 B2 AE, T DASRATTRT DATE B rh s B AT e

// my buffer. h

#include <string>

struct MyBuffer {
std::string* s

MyBuffer (int size) {
this—>s = new std::string(size, char( \0’));
}
“MyBuffer () {
delete this—>s ;
}

int Size() const {
return this—>s —>size();
}
char* Data() {
return (charx)this—>s —>data();

}

TRATAERIE R P BRI /NI BCZS 1], AR 52 22 S M kg R EORE O 38 0 O R P AF 22 1) o T T FT S PO
S

int main() {
auto pBuf = new MyBuffer (1024) ;

auto data = pBuf—>Data() ;
auto size = pBuf->Size();

delete pBuf;
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N T IIERCHE & I, AR A TRA TR B T L C++ P8 NG R L. A2t bAnew Mideleteske 7y BCRIRE I ZE A£ 0
£, MANGE DME RS #J7 SORAE

2.8.1.2 Fgicm#FEEOHE C++ K

B EER EIN I CH + I CIlt 5 s LB, BRATAT UM AN T FAiTR] Bt newRildelete i hCilt 5 i 8, Koxd
I TT A GT y Cil 5 PR

TECHE & P RAVHEMyBufferdsn] DUXAEAE A «

int main() {
MyBuffer* pBuf = NewMyBuffer (1024) ;

char* data = MyBuffer Data (pBuf) ;
auto size = MyBuffer Size (pBuf) ;

DeleteMyBuffer (pBuf) ;

SoNCIE SO AR T2 AR T, SR 012 my buffer capi.h  SKOCHHZEORIVE:

// my buffer capi.h
typedef struct MyBuffer T MyBuffer T;

MyBuffer T* NewMyBuffer (int size) ;
void DeleteMyBuffer (MyBuffer T p);

char* MyBuffer Data(MyBuffer T* p);
int MyBuffer_ Size (MyBuffer T* p);

SRJIGHAT LUE T C+ + My Bufferdd e SUX B CIE F WA AL, BATBIEXI R my buffer capi.cc  SCHFUITR:

// my buffer capi.cc
#include ”. /my buffer.h”

extern "C” {
#include ”./my_buffer capi.h”

struct MyBuffer T: MyBuffer {
MyBuffer T(int size): MyBuffer(size) {}
“MyBuffer T() {}

MyBuffer T* NewMyBuffer (int size) {
auto p = new MyBuffer T(size);
return p;

1
void DeleteMyBuffer (MyBuffer T* p) {
delete p;

charx MyBuffer Data(MyBuffer Tx p) {
return p—>Data() ;

}
int MyBuffer_Size (MyBuffer T p) ({
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return p—>Size() ;

B3t my buffer capi.h 2 TCGO, UAUERCHEF VLRI TN . £ C++ IS &I 75 2

A extern "C” IEAIULM. Fi4MyBuffer THISEHLIUE MMyBuUfferf K 1S, XAET BLRIAL f AR i e Bl (RIS #0
CGOfAm wAtdEd  MyBuffer T  #REF, FATCEM BMAMSCH#2ESCGO, KL TEE T C++HERIEE, CGO
TVER A C+ + L.

FCH+IUBNACHE N 25, R TAERUE R Cor B hGori L.

2.8.1.3 B4AiCEO R NGoF I

FAECRR B 0 N Go R BRI FE LR T . R 202, BUOAEATN AP E & C+H+11M0EE, BHFEEE  #ego
CXXFLAGS: -std=c++11  FTHC++11HIEII.,
// my_buffer capi.go

package main

:(Q() CXXFLAGS: —std=c++11
#include “my buffer capi.h”
import “C”

type cgo MyBuffer T C.MyBuffer T

func cgo_NewMyBuffer(size int) *cgo MyBuffer T {
p := C.NewMyBuffer (C. int (size))
return (kcgo MyBuffer T) (p)

}

func cgo_DeleteMyBuffer (p *cgo MyBuffer T) {
C. DeleteMyBuffer ( (xC. MyBuffer T) (p))
}

func cgo_MyBuffer Data(p *cgo MyBuffer T) *C.char {
return C.MyBuffer Data ((+C.MyBuffer T) (p))
1

func cgo_MyBuffer Size(p *cgo MyBuffer T) C.int {
return C.MyBuffer Size ((xC.MyBuffer T) (p))
}

NT X5, FAEGo PR B B ARRT I N cego
i

HI4%, kincgo MyBuffer T/2xt N CHfiMyBuffer T3

T ALBRfR R, TEAAEAICHR A EIGo KA, kT cgo_MyBuffer THAUAN, XN SHORIR [BIE BRI, RATKIA 2 H
HCiIE 5 R,

2.8.1.4 B¥ AGox &
R A CH: A NGO 5, FRATTHE T LUR 2 5 Hb 3 T8 1 Go s At i th Gosxd 4K . [RIPhcgo_MyBuffer T2 MCIEF

RSN MFEA, EIEEE LA Ok, RIS 7 —EiMyBufferdefd,  HUEIK AL 0 F7-47 cgo_MyBuffer_TH5 1K)
Cili FRATM R
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// my buffer. go
package main
import “unsafe”

type MyBuffer struct {
cptr *cgo MyBuffer T
1

func NewMyBuffer(size int) #MyBuffer {
return &MyBuffer {
cptr: cgo NewMyBuffer (size),

}
}

func (p *MyBuffer) Delete() {
cgo DeleteMyBuffer (p. cptr)

}

func (p #*MyBuffer) Data() []byte {
data := cgo MyBuffer Data(p.cptr)

size := cgo MyBuffer Size(p.cptr)
return ((k[1 << 31]byte) (unsafe.Pointer(data))) [0:int(size) :int(size) ]

FE, KNGOS MIA A S &H KIEER, il cgo_MyBuffer_Dataflicgo_MyBuffer_SizeWi /™ $ &3
9 MyBuffer.Data  J7ik, EIRII—AXREJZECHE S AR MK F .

BAERATR P IR E DGO F P AR ENEANR T URERLIETCH+H std::string 5B -

package main

//#include <stdio.h>

import “C”

import “unsafe”

func main() {
buf := NewMyBuffer (1024)
defer buf.Delete ()

copy (buf. Data(), [Ibyte("hello\x00"))
C. puts ((*C. char) (unsafe. Pointer (& (buf. Data () [0]))))

Bl FATEIEE T —AN 1024 K/ANMZEAF, NEdEid copy BURIZEAF IR 1 — M. A T i ECHE S 7k R 8kt
H, PATEHFE TS IBOARINO R T/ 4 5 IRATE SR 1 RZ B85, HICIE S I puts s ST DA 1Y
SRR

2.8.2 Go ESXRE C++ K

ZRIGOIE F A RECH+ RN BT EL LR LD B GoXt RNy —AMid; ARJAZETid T X R CHE 1 b
H BEARETCHRAORBBIANCHHIR.

2.8.2.1 WiE—/ GoXt R

N TETECR, FATHGoEFHE T — 4 Persontf %, fE~Personr] LA 4 AR E K.
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package main
type Person struct {

name string
age int

func NewPerson(name string, age int) *Person {
return &Person {
name: name,

age: age,

func (p *Person) Set(name string, age int) {
p.name = name

p. age = age

func (p *Person) Get() (name string, age int) {
return p. name, p.age

Personst G W RAREAEC/C++ i, FEEd cgo T HCRe ki .
2.8.2.2 FHCEMO

FATHITH T ECH+ X R RBCEE AW AR, Wiy —dCE O fiidPersont 4. G4 —4>  person capi.h 3, XRCHEM
PRS-

// person capi.h

#include <stdint.h>
typedef uintptr_t person_handle_t;

person_handle_t person new(chark name, int age);
void person_delete (person_handle_t p);

void person_set (person_handle_t p, char* name, int age);

char* person_get_name (person_handle_t p, char* buf, int size);
int person_get_age(person_handle t p);

RIFFRAEGOIE F P X — A CrR L

i EE R, EECGOT HMCRE, MASHANIR FIERAEA S FFconstiB i, [RIIN thA SRR ZE 40 B B . [
WINPT PTR, FATICIEAEC/CH +H EER IV W GoNAF A R o AL FATTAE I B — 45 FrdFiR (K4 AR Goxs Rk iy —
ANEEHd

FH/&  person_capi.go S, XFN.CHEE D BREHSLH

// person capi. go

package main
//#include . /person capi.h”
import “C”

import “unsafe”

//export person new
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func person_new(name *C.char, age C.int) C.person handle t f{
id := NewObjectId (NewPerson(C.GoString (name), int(age)))
return C. person handle t(id)

//export person delete
func person_delete(h C.person handle t) f{
ObjectId(h).Free ()

//export person_set

func person_set(h C.person handle t, name *C.char, age C.int) {
p := Objectld(h).Get (). (xPerson)
p. Set (C. GoString (name), int(age))

//export person get name

func person_get_name(h C.person handle t, buf *C.char, size C.int) *C.char {
p := ObjectId(h).Get (). (Person)
name, _ := p.Get()

n := int(size) - 1

bufSlice := ((x[1 << 31]byte) (unsafe.Pointer (buf))) [0:n:n]

n = copy (bufSlice, []byte(name))

bufSlice[n] = 0

return buf

//export person get age

func person_get_age(h C.person handle t) C.int {
p := ObjectId(h).Get (). (*Person)
~, age := p.Get()

return C. int (age)

EAIREGoX &5, AT NewObjectldGoxt it Aid. #8J5Kridaiis: X hperson_handle tALR[E. 80
BREON AR person_handle_tirZexiiid, AR IdgEdT X R GoRt & .

2.8.2.3 HEC++ MR

A7 CHEAZ EEEARCH+ X GO LA L 1 % I OE AR — P Personé, Bl & —>person_handle_tJEMU a1 xT
R ILSHIGOX B, SRJE 1EPerson S (Y iG i K Hidid CH: 1 QU GoX R, TENTI B B i@ i CH: B G oS B T R A IX
FLEsZ NP SN

extern "C” {
#include ”. /person_capi.h”

struct Person {
person_handle_t goobj ;

Person (const char* name, int age) {
this—>goobj = person new((chark)name, age);

}
“Person() {

person delete (this—>goobj ) ;

void Set(char* name, int age) {
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person set (this—>goobj , name, age);
}
charx GetName (char* buf, int size) {
return person get name (this—>goobj buf, size);
t
int GetAge() {
return person get age(this—>goobj );

L JE BATHE AT MR B C+ + FSGRFEAE ] 1

#include “person.h”
#include <stdio.h>

int main() {
auto p = new Person(“gopher”, 10);

char buf[64];
char* name = p—>GetName (buf, sizeof (buf)-1);
int age = p—>GetAge();

printf ("%s, %d years old.\n”, name, age);
delete p;

return 0;

2.8.2.4 HEC++ IR

LEFTT B EC++ X R ST, vkilid new B — M Person s il f5 B AT IR NFES TR : — e 4 0 C+ +JRAS (1
Person, F—UU2E%Goifi & A Person, Ha:C++hA K IPerson i A —/~person_handle_tZ&Z¢1id, A TWLif
GoXf%. Fdi1se4ml ikperson_handle tE #2491 C++ X Zk Al .

I I A S e ) A T 2

extern "C” {
#include ”. /person_capi.h”

struct Person {
static Person* New(const char* name, int age) {
return (Person#*)person new((chark)name, age);
}
void Delete() {
person delete (person_handle_t (this)) ;

void Set(char* name, int age) {
person set (person_handle_t (this), name, age);
t
char* GetName (char* buf, int size) {
return person get name (person_handle_t(this), buf, size);
}
int GetAge() {
return person get age (person_handle t(this)) ;
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BATTEPersonZs s N T — MY NewFi s i 01 k2, F T Ol #iiiPersonsifil. 7ENew sk i@ id 1 person_newsk il &
Personsifil, iz[EIF)J&  person handle t  ZRAMid, FRAPEILHRGIELAME)Y  Personkx  RAMFREFRIEI. 7EHERIKRA
RECH, FATEEthistrEr B %M person handle t 287, AR i CHaz I FH X B 1K) BR B

gk, FATIER THGoM GG NCHEE D, AR JE T CRE T A N C+ 56 5 DUAE T{# FH i H Y .
2.8.3 HIRMBIHRC++Hthisigét
RGOIE F M LS KIGOIE S It dh e 225 AIRT . EbindAIE Finte — i Int2i 8, sl PUA B S 77k

type Int int

func (p Int) Twice() int {
return int (p)*2

}
func main() {
var x = Int(42)

fmt. Println(int (x))
fmt. Println(x. Twice ())

XY DE AN AR SR RO R AP RRTIR T, B U intAlInt R Rk A2 &

TMAECH+ + P B SEBURAUR R, — 2R LT 23

class Int {
int v_;

Int(v int) { this.v_=v; }
int Twice() const{ return this.v *2; }

};
int main() {
Int v(42);
printf ("%d\n”, v); // error

printf ("%d\n”, v.Twice());
S R INtIS BRI N T Twice vk, (HARRZE T HHERINEEAAF] . X EEASGEprintfaRTe ik IntA S (1 E,
HABRETInRELEH T A RE . XHURCH+HMIE R BG4 DUR R FEA 19— DI A He i class it 75 .

T PR ] AR AL C+ + HPrthis # [ 2 uclass TR AL 1o BATHUHT M BN thisfEGoili & H A

func (this Int) Twice() int
func Int_Twice(this Int) int

TEGOIEE H, MthisHHEMLIThRERIRMBCE S B L AR — M EEN KBS, AT LG g Eaia s,

WRCICE S M EERIEE, thisth 2 —ANEEA  voids  BEIEEN, IRATAT LABE R & b thisHaoh g .,

struct Int {
int Twice() {
const int* p = (int%) (this);
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return (kp) * 2;

}
1
int main() {
int x = 42;
printf (“%d\n”, x);
printf (“%d\n”, ((Int*) (&x))-—>Twice());
return 0;
}

XRERRAT T DOB R A int R SR o] e v Int SR B, BB BOARIIIE B EUR newsRIIEIntX 5 .
TETwice B BN A,  LAAH S BB R this TR EH i [lint SR AL R Fa 4T, b vT LU 5 (Nt R i 1
XN EINER A R I 1) — A58 T, IFANRAEIBATIN & VAN 2]

I CH+ + {9 772385t ) LU 08 3E class 2858, Co+ -+ I35 3 A G bR AU S U2 T BAGE s B A
A ETTERIVERIR 5, e .
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2.9 HEENBNEE

CGOLEEHC/CH++ SRR I o — e =Ml BRI, BRER SR, BERESE. BRI EE/E  inport
“CY ZETMTERESS A O, B YT R TS C/CH RS BEBS A EERIENAS PRI 7 AL, A I A
LDFLAGSIE T8 & E4E R 2y AU BE e . AR 1 3RATT 1 BETEAE CG O At i ff FH i 24 2 3 2 o A % 1 el .

2.9.1 FRCHEE

WERCGOH5INHIC/CH+ B A AU ] HACKS Rt Eee /N, Bl AR A e e BEAR I 5 3K, EAR 2 IR FRAT A YRS,
2 WNC/C++IRACRS T AR R A IR 8 52 %, KRN () G A P th 2 — AR b . TSR R T AR, %)
FUARRE P I A 7 AR BN IS ATI O, AN 2 Y DUBIAS PERF A MBS 2 A7 IN BT B Bt . AN S P BRI B —
R A B T A, B S KBTS, R R L BB 7T pf R 2 S R R

LAV RAICHE S WiE— MW IESE . ROTEMEWHSELMnumber, FEd H —/number_add_modi#t, T
TREOE TP EBINEIZE . numberZE S fEnumber H 3 T .

number/number. h S RAT—ANAECTE 5 XS (1 68 £ B
int number add mod(int a, int b, int mod);
number/number. ¢ Xf N BA EL P SLH :

#include “number.h”
int number_add mod(int a, int b, int mod) {

return (atb)%mod;

}

K CGOfH )2 GCCri & K AN BERECAI GO G o DR LS S P th a4 S5 GCCHe A A% X

I LLR A4 i BUE RS libnumber.alf i i :

$ cd . /number
$ gcc —¢ —o number. o number. ¢
$ ar rcs libnumber.a number. o

A pklibnumber.a## S EZ G, FA1HT LIECGOH i HZ ¥R 1 .

Bl main.go - :

package main

//#cgo CFLAGS: —I. /number
//tego LDFLAGS: —L§ {SRCDIR} /number —Inumber

//#include “number. h”

import “C”
import ”fmt”
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func main() {
fmt. Print1n (C. number add mod (10, 5, 12))
}

PN #cgom s, il e 24 . CFLAGSHEY  —1. /number  KfnumberfZExs W3k SO FIER) H AL S
fH R 815 LDFLAGSHEIE  -L$ {SRCDIR} /number K4 Janumberfids e BT H S R A R %1% i
Inumber  FoRfEflibnumber.affds . i EER ML, FEEER IR IR R BRI AN BEM IR B A2 (C/C+ +AUIS e P
PBRED . FATAITELcgoRFA I ${SRCDIR)  ARECRIFICAINS R =4 A H kB AR T N4 x 542 (AlEkfEwindows 1 &
A ERAEAREA S AR S) .

RAFATA numberZE 4, A 3RAT LA go generate T A AL s 45, B &l it Makefile ki i 5 i
HRATCGOUHM AR, BAVA T ER AT CH S,

KENZ T — S ENAECE, XA T e S EF D28 THESESTRINYGos ik HEHgo getwdE. it
PAIMREAR T LUEE go get T4k, #RJ5 9o generatefif K B &S, Ko7 Z£go installRog ;.

N7 X FEgo getin A HE T HIF %R, BAICIES M #include  EVATTLLEEnumberE [ SCAHREB R T AL

G z link number c.c  CHFUWIF:
#include ”. /number/number. ¢”

IXJETEATgo getiigo buildz Fdr & Hif %, CGO#LE H At number s R AGAGTY o XA AR AL A A A PR YA
MBEHRIRTIE T, RSOy TIRARS 75 . XFCGOR 2 Hi5E 5.1 .

DR RO S = 07 BT A, BRANI 75 25 N e A R R A& R . AR5 fE # cgodn 4 il if CFLAGSHILDFLAGS kA
TERSCAF PRI AL E o T ASF AR R G 2 A — P RGERI AN FIRRAK B, I L PR 1) e e A T RE R AN, A4t
TR AR PP 5 R X L F] REAZ AL IR S K e 2

FELINUXIAEE, A — A pkg-configiiy 4 Al LARE ) S8 H AN A P s A5 P 1) e 1 N BE e 2 4. BRATTAT LAAE # cgofir & i B
{8 F pkg-configdy & A4 i AN E 24 17 HAE vl LU id PKG_CONFIGHA 5 A8 & 5 il pkg-confign &« B I #AE &
ginfpkg-configii & 1SRRI, SERZ 7 ARAE A A F I EAE RS N MESE A T LinuxXSERSE IR S

pkg-configiy & #i s Al LA S5 HE . S5 pkg-configiff A 4045 /E S IRATAR N FF, KT LLEAT S 42
(=D

2.9.2 FHCEIEE

BN B RGEXT TR, 2 AR LIRS A, DA AP A AL B (B AR A N 77 C 8 LR 14
Koo EWAEH S RARAL [, AL BRI SN A TR A WREEAT AR OB 2 AT A AR FEOR U, A e mT LABG 28 AN 7]
HAPEZIIRER, Y BT IR S R IR . 11 HXT T windows25 1 &, Sl B2 iV CRIGCCA [l 4 451 & [
— AT 53

XTCGORL, i HZNA A I — R, BB E R AU — AN S S W EH TRESISE (Linux F R DUE#
S0, (HAETEWiIndows F B AUdIGIE—A  .a SO TEEED o FATIESE LUTT FInumber /3 51 kit i i i LA
B DT A

XF7EmacOSAILINnUX &4t Fitigeci iy, FAiTmr LLA BL R dr 2l number 2 1 1) 2 25 P «

$ cd number
$ gce —shared —o libnumber. so number. c

PR Dy )y P RS A R ) 2Rl A B2 libnumber, WRRRA AR, HhGoif & 2 (AR AN A P A 78 45— F

package main

//#cgo CFLAGS: —I. /number
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//#cgo LDFLAGS: —L§ {SRCDIR} /number —Ilnumber

//#include “number.h”
import “C”

import “fmt”

func main() {

fmt. Print1n(C. number add mod (10, 5, 12))
}

% PRI GCC4: H bk #llibnumber.aiklibnumber.soit 17454 .

X Fwindows V&, FATEF AHVCT HRA Msh&E (windows T —S G A C++FE A AR VO o RATHR RN
number.dll8lg—~def3Cff, HITHHI2 3 Bz A E R

number.def {1 :

LIBRARY number. d11

EXPORTS
number_add_mod

Ferh 55— 4TI LIBRARYIE I FE I SCAF 44, SRR IEXPORTSIE A Jim i B M7 5 4 12K .

DAEFRATAT LU LR dr R QI BN R (FEEAVCH FLIIX64 67 AT HED .

$ ¢l /c number.c
$ link /DLL /OUT:number.dll number.obj number. def

X 2 d A A B number. libf 5 H . (HRECGO AL libks s HER .

FAER ca  HRSHEFE@ETImMingw T EH T Hdlltool iy 4 5 il
§ dlltool —dllname number.dl]l ——def number. def —output—-1ib libnumber. a

AR T libnumberax 2 )G, #ATLLEE  -lnumber  HEEESHOHATHER T .
TEERM A, RN FEGEEERE R A E . X Twindowssiit, AT LLEG A FERT AT AT HR 7 58] 17— A

H3t, BEERBhASPEFTTER) H R4 BRI I BIPATHI B S . X FmacOSKi, %% E DYLD_LIBRARY_PATHIf 15748
. T FLINUXRZOK S, T % ELD_LIBRARY_PATHMf B4 i,

2.9.3 FHCHEHESE

CGOMMXTT MEHICRi s FE, AT LUK Gosl i e £ = i N Cip S e« RATTBLLE H Go sl BT T (I number 2 I BT bR 48

gl number.go, WAEUIT:

package main
import “C”
func main() {}

//export number add mod
func number_add mod(a, b, mod C.int) C.int {
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return (a + b) % mod

RAECGORI I ER, HATH EAEmMaintl i T HCH B T CRrSEME T F0okE, S2maintld imaingki#l, HIEf
A CRE. RHIDAT & f g

$ go build -buildmode=c-archive —o number. a

fEAEnumber.af & E I FR, cgoif & E K — T number.h >t 4.

numberh LN AN CHTETEoR, WA TREFED -

#ifdef _ cplusplus

extern "C” {

#endif

extern int number add mod(int p0, int pl, int p2);
#ifdef _ cplusplus

1
#endif

Forh o extern "C” LN T RBRNERCHMICH+MMIE S . HONR A T E S Minumber_add_modi .

RIGEATQE A test main.c  WICSCAFH T INRAE R C A (IR RIZAENAT4R 44 12 1k 0y 1 ikgo build iy Ciis
JEI B AS A

#include “number.h”
#include <stdio.h>

int main() {

int a = 10;
int b = 5;
int ¢ = 12;

int x = number add mod(a, b, c);
printf (” Gd+%d) %%%d = %d\n”, a, b, ¢, x);

return 0;

ML LLR A5 & i FEAT

§ gcc —0 a.out test main.c number. a
$ . /a.out

14 FH CGO B #p A P I ik P AR5 1]
2.9.4 FHCIIEE
CGORH BB M FEAMFRS R, FURMMEHA SN c-shared , #HSCH4SCH  number.so  1iich:

$ go build -buildmode=c-shared —o number. so
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_test_main.c  CAFAEALE, RJEHLUT G & IEIFIET:

§ gcc —0 a.out test main.c number. so
$ . /a.out

2.9.5 FHIEMainBEH
J#iE  go help buildmode 41T LA Ciffr s 2 A C ol 2 A 2 15 T«

—buildmode=c—archive
Build the listed main package, plus all packages it imports,
into a C archive file. The only callable symbols will be those
functions exported using a cgo //export comment. Requires
exactly one main package to be listed

~buildmode=c-shared
Build the listed main package, plus all packages it imports,
into a C shared library. The only callable symbols will

be those functions exported using a cgo //export comment.
Requires exactly one main package to be listed.

SRS I CRR B AU fEmaint Y, ARJE A RELEA BRI SR SO L8 A W AT (ER AR 2 I AT T AT BE S A S AN IR
RS H R AL PIARNGoE, BRGNS EREIEE.

HIHMZNEmaint T HCH AL, Z 22 MU FHCHE (BYRBEA — P maintl) , JATFHE A et i CREon B
[k (RACGOTEE N AEmaint i) 5 H BR BUE e k SCfFD

AL E — S number, F AN 4L

package number
import “C”
//export number add mod

func number add mod(a, b, mod C.int) C.int {
return (a + b) % mod

R LT mainfl:

package main
import “C”

import (
" et

7. /number”

func main() {
println(“Done”)

//export goPrintln
func goPrintln(s *C. char) {
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A E RS ZS FE
fmt. Println (“goPrintln:”, C.GoString(s))

HAEAMFA Tnumber 74, fEnumber B4 S HCHEnumber_add_mod, [FIFEAI7EMaintl 5 H T goPrintin

PR A 6 CERAS PR :
$ go build -buildmode=c-archive —-o main.a

IEHELEE B main.af S EERFEIR, W — 4 main.hksoff. Hmain.h3ofFh LA mainfl S HifigoPrintinef
], JFEAnumber S HEREUK A . HSinumber_add_mode& 3 AL ) CR A 2 TR AE 1K, BRATTRT LB $2 48
i

Gl test main.c  JNASCHFANR:

#include <stdio.h>

void goPrintln(char*) ;
int number_add mod(int a, int b, int mod);

int main() {

int a = 10;
int b = 5;
int ¢ = 12;

int x = number add mod(a, b, c);
printf (” %d+%d) %%%d = %d\n”, a, b, c, x);

goPrintln(“done”) ;
return 0;

TAVHRAE B ECGO AN M main.hk o, i@l F L7058 T goPrintinfinumber_add_mod# 4~ T k%, X
FEFRATH I T NZAGoth FHCHREL T .
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I A BEL S AL

2.10 HFNEESH

PR RO — N C/CH +FEFF A TR B4 T A 1], A — AN CICH+ P B T & I g e A e 2 9 5 9%, CGO
k.
ATTERA TR AT ZT 1R CGO R 42 F 31 1 g BE AN BE e 2 40 FH V2.

2.10.1 %4i%2¥: CFLAGS/CPPFLAGS/CXXFLAGS

S E TR R RS, TUE WM ESS M. iR ERUCRICH+ 2 &M MF AN EIE S, BllTUaEA S
VIWAINET IS

(R NCH B S X CIE & i TR, HE2n DU C++3MNCIE 5 e, HICHCH+HiE S 2 XSt R 2 ik
H I CGO#ft T CFLAGS/CPPFLAGS/CXXFLAGS = fi 24, JiHCFLAGSH M CIEFMAFSE(LL ¢ JG44).
CPPFLAGSXf S C/C++ fAiL%wi%Z$(.c,.cc,.cpp,.cxx). CXXFLAGS*IN 4iC++%wi% 2% (.cc,.cpp,*.cxx).

2.10.2 #E>%: LDFLAGS

RS R E S R R AR R H BRI R 44 e BN S B A, B PR AN SRR AR B AR, TRAT T SUN BE 2 4
SE AT AT

cgo Pif) ${SRCDIR} 4l H x4 2l 4 i Ja M CRICH++ H Ax SO U —#E 1), IILLDFLAGS A RC/C++34
RS

2.10.3 pkg-config

NANFEC/CH + FESR R PR A BE R S 0% — AR % BB LAE, Nibcgof@ft T XN pkg-config L HEMISZHE.
BATATLAIAIE  #ego pkgconfig xxx AT RAMXXXE F Z g MBS 4, K28t A

pkg-config xxx —cflags ‘EZRFESE, @it  pkg-config xxx —libs A4 NEEES .
WEVEREMZE  pkgconfig T HAEMKIMBEMEESERC/ICH+ AT, TEMEHMPIX ).

pkg-config T HELRIE, (HRGIREIIRMERIC/CH+ 5 IF B LB H SR .
XIHEIRATIT AT T4 pkg-config T HEBUEEH R ¥4 A HE B S B L SCH

ELUE — A2 AXXXBIC/CH++FE, FATATUAF LA /usr/local/lib/pkgconfig/xxx. be  SCf4:

Name: xxx
Cflags:—I/usr/local/include
Libs:-L/usr/local/lib - 1xxx2

HrhNames 2 FEN 4 7, CllagsHTLibs AT 73 5%t Rixxx i A i 2204 AR S 4. Wb U MHES e H 3k,
A LLEIEPKG_CONFIG_PATHMRAERHEE  pke—config  THMKER H K.

X Ricgoddeiin, AT ZE R LLEEPKG_CONFIG #Ei75 Enl 455 [ 2 X fpkg-confight /¥ .
W H S CGOL Hitipkg-confighe )y, HEA  —cflags Ml —libs  BIANSEEIT],

NIRITE R R macos 248 R AL Python3H 4 A FE RS HL

/ py3-config. go
func main() {
for , s := range os.Args {
if s == "—cflags” {
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out, := exec.Command (“python3-config”, “——cflags”).CombinedOutput ()
out = bytes. Replace (out, []byte("-arch”), [lbyte{}, -1)
out = bytes. Replace (out, [lbyte(”i386”), []byte{}, -1)
out = bytes. Replace (out, [Jbyte("x86 647), [lbyte{}, -1)
fmt. Print (string(out))
return
}
if s = "—1ibs” {

out, := exec.Command(“python3—config”, ”“——ldflags”).CombinedOutput ()
fmt. Print (string (out))
return

IRJEE PR ar IR B e X pkg-config  TH:

$ go build —o py3-config py3-config. go
$ PKG CONFIG=. /py3—-config go build —buildmode=c-shared —o gopkg.so main. go

SBT3 % GoIeHPy thon iyt .
2.10.4 go get #

TEfEH go get  FRHXGOIE T A [HIN S RIE K HI G . HInAGKHBAE, BEMKIHCE, CAKIHDE:
pkgh —> pkgB —> pkgC —> pkegD —> ... . Figo getIMAE Y J5 &Kk IKBCDAE .
WRAESRIB AL G R, A2 S B0 26 (ML, AT S A EL K A B R

BRI R AR Z . Jrh i W SR R

o AICFEHLERGE, GiihRIL

o kit cgo, F A %% gee

o W cgo, {ER AR R 2%

o {&#i pkg-config, windows b 2%

o ki pkg-config, A HKEIXF R be 4
o KW E X pkg-config, AN E
o KIS swig, A 23 swig, BURA AR

FFER BT e] LRI, RIS ISR P ATCG ORI D b 1 R 2 8. XA RIEARIR,
H SR C/CH + AL — B — M SR, 2 H AL B Hey B — M REOA T S —C/C++ BB T A,

KM T cgo, hlngecE R T IR AU R 1, (Rl R SRR I ARG S
WA C/CH+ + B AV HAA BRI ST, AT DR Se ik MRS

el github. com/chai2010/webp A IE Ay AEANC/C -+ AL 24 760 58 57 5% B S ST B 2R I 8 R

// z_libwebp src dec alpha. c
#include ”./internal/libwebp/src/dec/alpha.c”

KIAESGw e z libwebp src dec alpha.c IR, 2x%iiElibweb AL KA .
JOR RIS AT H 3R, XA 1P 6 SR AT DU RR e K — £

2.10.5 Z4EmainBF FHCEH
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B OB I Go R B imaint, (H2 LS ML HE B INGo T M s Hh 2 A 2
K 5 G o RR BT BL (R CRR BT, I LA 2. (RN A6 St ) Go s UK £ B — N 2 R 44 22 ), [l 5 22

/N3 G T A2 ) 1] L
WA AR KW 5 HGoM BEBICIE 5 4%, AACgoHEZNAEMET  _cgo_export.h  SUHIEIA & AR AL R BH W,

PAT A L T 5 S 7 A4 5 2 eR
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b 78 Ui

2.11 #FE i

CGORCIEF GOl SR ATMAMFLA, KL E AN FHCGOTE T X 1iES. CESHEEMNAR: FALCES
ZRIEH (CRFRIHES) « B ARIHACHE S b RIEN (CIEFH OSSP @ EHRFNHER) . Golli FiEf
BT (The Go Programming Language) FGoiE & H i 14 3 SR Al 4 AR .

A B S EURHIHE )22 ) CGOR — M A . ARFTHORFIE F#A E A SRS Z, GOl F AR, EREMI Tl
8. i CGOR LAk 7K C/C+ + 5L A AL R 4R35, i@iE CGOM LA Got e R4 S CH DL, itid CGOHAR
LGt 5 4 5 KA AT LR AT N IA 1A A S —— T A AR AR IE UL AEC/CH+IB H 2 . I CGOs —
MRERG HHAR, ERGoM AN EEFEAIA, EAHEM A" HIIGOIE 5 IT RN 2.

A SR 3 R SCRS (www. topgoer.cn) i 7 - 135 -
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ComiE =

$3% GolLHIES

BERARLAT, AT IPLAS. ——rfyiamcool & 52527 197 Z K

XA, X%, ——Rhichy

GO & PR £ Wit AR T AR ALK I Plan9#/E R %5, Goll4wili & thie 3t T-Plan9i gmis ik k. ##ERob Pikefi/r41,
K#fiKen Thompsonf:19864: HPlan9 £ 4id 5 (1 CIE 5 Y 102 i th (7 4 D AR L2 Plan 9l g 11T &« FTiBMPlan 9L 4iE
FREMETUT T HABEZCES R rIC g e .

T HIE S W R, (ENEEEE CPUMMIL SRS & (M SR SR & AR B AR . A B C 40 iE & A MR CPUES
FHIATRTIRE, BHURAE RGN 5] I R AR G S B . KBS S A BRI T CPUL I TERE, Rtk
AR 22 JER 2 R 00 25 i s S P e AU () B 2 2 Rl o v = A TR RE AR A

XAl fIGopher, GolL 4wl & #li i — M AN ZAIHEAR . RN 1 — 2T 0 G, A A0 5 M 1 S5
H, RS RGO 5 A AR D S P S BUR . T HEAR T GoILIBE S 25, MK STk AE R FEE T A
PR T, AN FH Lo AT AT 25 2 T 0 ) e R 5 P A

AR FEIRATHE LLAMDG Ay = T A A, ] AR GOVl 4 it 5 I AL Al ik
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PRIEAT]

PR AT

3.1 BEAT]

GOIL A PR M £ Rt RENTF (. RV A0 1 1O GOTR 4 I 5T, AR IRHE e P 8 95— ol
.

3.1.1 B

GoiL ik 5 I A — MG =, BIAGOILY iR LA . Goll 4 (A6 4T A Go Wi 7 AL, [RIIN (e 8 /b 2y
—ANGoif F XM THRM AT A EEALER . RGOV AU dE AL A s BB © Gotl F IS5 11, e 2l
L Goifs F AU S b e RIS A I k. F T2 5 (158 SCRT R 80158 GOV g A SR AT-CHl 5 . cxc ik, it i -3t
IC g 72 A5 GO SCAFRAULT Cift & /9. hoc £«

3.1.2 BN EBETE

NI T, FATEM GOl & SOFME —MERE, )5 EH SR,

HA#E— 4 pkg.go M, WAL

package pkg

var Id = 9527
AR A LT MntRA R QAR S, R TR, SRR BU TR dr & BB AU GOIH & R e B A DA T 4 AR -

$ go tool compile -S pkg. go
””.1d SNOPTRDATA size=8
0x0000 37 25 00 00 00 00 00 00 R

Hr - go tool compile AT MGl FIRMIKZamSTHE, b S ZHERMBITZK . it
Pefis, H 77Td X MIRREST S, RN RNABA T RREMAIHMLNA 37 25 00 00 00 00 00
00, SERITZNHERIR0x2537, X R-iE]299527 . SNOPTRDATAZ A CMARE, HINOPTRFE REME h AR & 45
B .

PA R 2 R B BRSO REFIE g, NGOl gmiE 5 AR BN A TE M . GOl F BEM AW T —MGolL4itZ AT
72, Hubl#E: https://golang.org/doc/asm .

Goil 4iiE 5 12t T DATAM & H F Wl B8 &, DATAG A IEEM T :
DATA symbol+offset (SB) /width, value

Hrhisymbol A BEAEIC 18 & TP BERIFRIRAT, offset 75 S IT I i AS i, widths2 ZHIARILAAFRI 5E LR/, valuesd
LY. AT b Goth 5 INFFTsymbol, ZEILHAIg xR« symbol , Forh e fiRF S —AMRRR N

=)

unicodeff 5.

AR A BN A4 T AL 1d 78 SR a64 75 Bkl 102537, % i3k 119527 (i & 5 LI e AT 5 $ IR ) -

DATA -« Id+0(SB) /1, $0x37
DATA < Id+1(SB) /1, $0x25
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AR T P2 )G TR S H DM e A ST H . GolLgwis 5484t 7 GLOBL & H T-H445 5 S
GLOBL symbol (SB), width

Ferhsymbolxt B g o #4545 1044 5, width 950 N R AERI R o F LR fir A0 g o i - 1A e e
GLOBL - Id, $8

BUfE S 72 i T I g 52 S0 AN BERAR R T A%

NTRETHREEMZIEE, TATEHEAGoIY h = I iZAc s, RN A iiE M AidrRi. Eiipkg.gofin &
T

package pkg

var Id int

BURGoili 5 AR A PR AR, il SRR T A — AR R — MR A RE A EET VI (LR o Id 2R R 152
X ITAFCRAEILGIES P T s

A TH 58 BRI R AT I pkg_amd64.s 30t

GLOBL - Id(SB), $8

DATA « 1d+0(SB) /1, $0x37
DATA - Id+1(SB)/1, $0x25
DATA  1d+2(SB) /1, $0x00
DATA « Id+3(SB) /1, $0x00
DATA + Id+4(SB) /1, $0x00
DATA + 1d+5(SB) /1, $0x00

DATA « Td+6(SB) /1, $0x00
DATA -« Id+7(SB) /1, $0x00

W AF4pkg_amd64. s e 44 R RAMDG AT T IIL 4R S At

BIRpkg B FIESR 9B, (R H A Z BT I Goil & s e 4 —FE:

package main
import pkg “pkgfliEKE”
func main() {

println(pkg. Id)
}

XFFGom A H ok, FGoIL4miE 5 miGoil = SE Il - AR X H .
3.1.3 EXFHFETE

LERT—M T, BATEI e 7 MR DUERA R & RO, ST E AT R AR, B Go
BE MG, TR B K GIERE AN, (R R R 2 A A A R B SRR S5

SEIS B AR AT R0 —FF, RGOS T LB I ThRE, ARG M A i gmARhS, IREAGoILaiBEis. &
Jefidpkg.goC i, FGOWEF & LT He
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package pkg

var Name = “gopher”

SRJE HI AN dn & 2R GOl 5 A% ) DT 4 A HY -

$ go tool compile =S pkg. go

go. string. “gopher” SRODATA dupok size=6
0x0000 67 6f 70 68 65 72 gopher

””.Name SDATA size=16
0x0000 00 00 00 00 00 00 00 00 06 00 00 00 00 00 00 00 ................
rel 0+8 t=1 go.string. ”gopher”+0

AL T AT S go.string."gopher”, ARAEHAS LA 2 34 AT USRI X BRI 19" gopher” 47 #i Hdis . Py
GOIE & I IF A REZEA, Gowffh s M A g ISR, W RE ARSI L AR gopher” R4 #

I, AR T LS IR — A5 go.string."gopher”. A, %575 H —A>SRODATAbR & &R IX M HHR7E L 5 N A7

B, dupok3s B TR R IRAT R BRI AR — st LT .

MAIEGo T4 B A EENameXf M AN A L1671 T . HSiNameAs & %A EiEx M “gopher” 45 , TRX 16
T KM reflect.StringHeader % ) {4 -

type reflect. StringHeader struct {
Data uintptr
Len int

MICdw 2 E, NameZs & Hsoxf B L reflect.StringHeaderZE A5 . Ji 8N4 M J2 LS 45 sh U i d6 41, ol
75 go.string.”gopher” X N Al . J5 847 154 B /2 Bk A4 B Bm 1A B %, X B2 T,

BRI pkg_amd64.s30ft, st g AR BT e SUFFIAA fEName 747 Hi -

GLOBL  NameData (SB), $8
DATA  + NameData (SB) /8, $” gopher”

GLOBL * Name (SB), $16

DATA  « Name+0(SB) /8, $ * NameData (SB)
DATA  « Name+8(SB) /8, $6

GO 4iif &, go.string.”gopher” ANk ., ILRITLHIT T TOI CGRAHER R E 10545

L, BT OIS 5 T AT R L RIS .« (RIERRATHT IR T/ NameDataf 52 2077/
M. AFE X Name g IAE A N6 15, S84 15 - NameData i 5 S LA L, R84 154y 6 2
RERRKE.

MANCERE P TR R G, EHRELEGoEF H A ZF e TaE. AEHTUHGoE S RLMiNameZ & T :
package main

import pkg “path/to/pkg”

func main() {
println (pkg. Name)

}

AEREIR IS4 T LUF R
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pkgpath. NameData: missing Go //type information for global symbol: size 8

HERERIC g0 58 X fINameDataff 5 %A K5 B HSGoILgwiE = H e USRI 3A Il s R, S5 R0t
NHEm e, KitkNameDataff 5t 5 KA . (HRGoE & 2 A b ML BB =, MGoIL4iiE = & T/EfEH )
PR E iR RHEZE NG . 24GoiE &5 bR Bl s BINameData s & (KI5,  ToikmBsiZ A & N R B a &3, Btk
LT X AR . HER MR A R R H A NameData# A7 25 8¢, il /&NameData i % A inid & 5 & & A REHE B

HxrgrNameDataZE i N —PNOPTRERE, FonH b A S S 4R il vl UME R iZ A%

#include “textflag.h”

GLOBL « NameData (SB), NOPTR, $8

jEid4 -NameDatat IINOPTRAR G 7 R R H A A E 184 4l . JA TR AT LLdE g 45 -NameDatat & £ Goif: & #3 i —/
ANEARET IE H RN N8 T BRI SRAS i 8 %«

package pkg

var NameData [8]byte
var Name string

FATHsNameData s PN K N8/ 7 8. 2 s vl LU L BB I 2R AN S A R, PRI g AR ] A2 I
NOPTRAR & o BLAESE I [l YA 253 1518 2112788 B PO IR Mk i 4 L P4 R PO 1

FEIXASEHT, Name 745 8 8 2 H 52 5| F = NameData A 774 R “gopher” 747 s ¥di . ik, fiiNameData ki 4: 4%
1k, Name 55 it (1805 th 2 PR AL .

func main() {
println (pkg. Name)

pkg. NameData[0] =~ 2
println (pkg. Name)

IRIXFN AT R I LB SUR MR, TR B i 23 Gt LIRS L . IRF IR AN S tH A B NameDatat i, iX
AT LARE G P9 T EH BT BN OR

AE PG R SCFA R I FRATTAT DL — R B2 B 7 £ B AN 7 ER Sk R o SO, IR T DL G 5N

NameDatafi5:

GLOBL * Name (SB), $24
DATA « Name+0 (SB) /8, $ * Name+16 (SB)

DATA + Name+8(SB) /8, $6
DATA + Name+16(SB) /8, $” gopher”

TEHEEHIE, NamefF5xd B I AE L6755 R 245, 2 MN8N F UK 2 gopher” = . -NamefF5 716
NEFIR S Bireflect.StringHeadergi Hfk: Datailizs X § « Namet+16(SB)  , B fhhl INameF 514F 5 ks
164NN E: Lendl /i RaRxt R 6 1 I B . X R CIlE S R & A8 B TS o

3.1.4 EXmainE#

R 7 28 foR 7 0 il g e SCREAN 77 e A . RATTBUAERE 22 s IE g sSe B R 2L ARJE il — 375 e

AR T H RSB (www. topgoer.cn) #- 140 -
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Jetl@main.goff, BIEIFHIIRIL AT A AR, FIN A Imainii -

package main
var helloworld = “fkif, {HFH”

func main()

ARG aIEmain_amd64.s3CfF, B0 Bimain i 1 S5

('S

TEXT < main(SB), $16-0
MOVQ < helloworld+0(SB), AX; MOVQ AX, 0(SP)
MOVQ -« helloworld+8(SB), BX; MOVQ BX, 8(SP)
CALL runtime * printstring(SB)
CALL runtime * printnl (SB)
RET

TEXT - main(SB), $16-0 HF@& X main %, Hed $16-0  FIXK  main  HEHBER/NEI6AFAT R
string=k#BLE AR/, HT4  runtime  printstring  BEUEEZEO 0  Fn  main  REBRASHAR
ELER main  BREAHSIEHAIZITR A runtime ¢ printstring(SB)  BRECRITENFAFH . RS
F runtime * printnl  {TENRATEF S .

Goifi &5 B BUE RBUR I, S8 An@ I BeL i i H 28R .S58 MOVQEE4, Hshelloworldxd B i 47 i Sk 45 A (1
16 T B BIARARE SPH R L6 11123 ], SR8 I CALLES A1 F G N sk 4. 55 f 13 FTRETHE 4201 M i s 20 [1] .

3.1.5 1BRFERF

GOl & B E VAT SIEG R HARSUAE G, H bR SO AN 5 58 B0 R R 260 3N B8 A% . BRI H AR SO 75 vl B
w244, tln“path/to/pkg.(*SomeType).SomeMethod” 5t “go.string.”abc” "4 . Hir CHRIFE 5 4 AU E &
W R, TR S S BT RIS 5458 2R AR . TGoIE & IIC a2 Mplan9fgfa i ki 48 7], I
ANREALBIX SRR R 75, S8 T FHGOILSwiE S T 150 Goit 22 45 ok 368 B R Al R 1] o

GoOIL4witi & FIFHEAGoE 5 D RIR Z T %, BRI T HRIEARNFRE: w CERMAe R mE. Hh e mmaemmiEs 7
PG NEFER I 0 BE AT S L HFGoIE S & AA R . N T RIMLGoll g 4% f i I L R I S8, 45151 N 7 Unicode i

A o MKEMWEE /, MRifMUnicodefG Ay U+00B7  fiT 0 U+2215 . IdmessmiE, A o &k
B oNASCIT S ., KERIRIESH B AASCIRS [k /", i math/rand « Int 2B Fi#

N math/rand. Tnt o JXFEAT LK P AT 5 B0h /NS . RS A RIFE P I BRETF 50 F, AT LA b ICgmie 5 i
VLS HTER A3 (R SEH

BRI T GOl g 18 5 Beit M & I/, 7EARBERIE REAFEMAET WA S - RERE /O WAFER
AP XA FRIE https://golang.org/doc/asm SCRSH AR, [ B e 2% U T 52 A1) 2 A ) B T S A O 3K

WRZEmacOSA S, MALL UM EmAT S« o FEARTFAER, " E#EA option+shift+9 fii\; wnF2 |y

PIRIAPES AL, WAL B T s -, WRZ A UNnicodefit Nik, AT LU AT R Unicodefid £ .
HrfiUnicodeifit N7k AT e A2 i &2 4 T SE S84 N 7 =0

3.1.6 BE45
GolL4mii 5 a5 LT 2 RE—41T N2 AMER] . T e 95 R ELHER K A .

TEXT +main(SB), $16-0; MOVQ < helloworld+0(SB), AX; MOVQ < helloworld+8(SB), BX;
MOVQ AX, 0(SP);MOVQ BX, 8(SP);CALL runtime  printstring(SB);

CALL runtime * printnl (SB) ;

RET;

MGOF &, Wi LLRIRATER 5. HBRRER, LA HAHAD 5. TR S5 AR
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ISt N

TEXT - main(SB), $16-0
MOVQ « helloworld+0(SB), AX; MOVQ AX, 0(SP)
MOVQ < helloworld+8(SB), BX; MOVQ BX, 8(SP)
CALL runtime * printstring(SB)
CALL runtime * printnl (SB)
RET

MGoili 5 —H#, WAL ZNEL M A TR — D ERHZ SN
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3.2 i+EHEW

TG S A EL I AL AT 5, RSB AR TSN E R 2 BRI R S AT B . S RIRAT I LR ACR I 2 - v AP 2 1
SRR (FERLRF IR USRI AT M R SR 58D o 15 VK 2 B A RO TS 1, R P O — MR R e 1 & ANl 77
it fE—RRITFRE A o 15T O BT SOHL AR (4R & AR AT s L IR IR TSN AT, AR5 EIE 7 CPUAR LGS w21 Ak 1 —
A fE AT SEAL T .

TR & St — AR RO RARE =, BT A BT SV R e R 5 M. L NS fHC 15 & 2 A LA R
K. AFZRACPURA B O —B48 4 BIEAHRIICPU, 32fMLM64M KIS iT AR A 225 ARIFIE G TH FFEG
B ORA RC g% AR RERE RGN S R REE 5 AR Z V4 AR R IE AR o A i T LA AR I i =
M, ek ANE ] TAMDGAZE RIS FITR 24, DLE T Goll g il & M= .

3.2.1 B RVABFiES

B R B dy B R P I — At RSB . DL — 2R EBRAR AR, 4R 20 T — > — DN %, AT %A A R 3
O, RXRCTHEIP WA, FPLEE — DR LAk %, RO TE WA R3S WA LIS . HLas kT
—HATUFRE, 6 —SREE T CEG— MR o ML, PRI - N EE,
SRR B R IR S BT E T MR 1R R (5 B4 L B T i b, RN SR B DR RS IR BT RS

EIRHLESRAE S e, (ERARR A SR, A —Fi MefBrainFucki BHUE S, B TR AN B R LR AL
BrainFuckfiUrban Mller?E19934E6 £, fRiFkABFIES . MUllerfeIiBtit HAr e @ r— M iy, wf LU fe M g ik
ORI, FHEEAEEBRNREIES . XFES /MRS, EHNAmigall#ams fgmdtes (B HE240
AT

MR T L F IR RE, brainfuckFEF R . &, brainfuck® ZHL—FE 0] L5 AT 54155 . HESRbrainfuck
HITH ST Rt 5 A, HESLRE EMS T XMIETET A RPRILEERET, BRTHES, XMEEaiE: —4L
FACNRAL, PR Z B — DN R AZEAL R Er (WIAREHE B s — A3« DLER TR NS w1
Wit X R —MIZMEREEIIES, EHEZER R FR/NMOBSSEI— #8115 5 . BrainFuck i 5 R\ #F
5, A BRAER X\ R 5 1 4 A R SE R

R \FRA A, LIRS R A TR IR

T Cii & Kb GRS
> +Hptr; fREHIn—
< —ptr; TREHE—
i tHkptr; TREHE 7 A R (D —
- —¥ptr; TRER I 7 O (B —
putchar (¥ptr) ; i REHE R ICA A (ASCIRD)
*ptr =

NN BFREHR R HoT (ASCIFRE)
getch();
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F | CEEAMK X

WEARIREH R IR TEN R, A JE B BT

: et U sty g4k
] WA TN, RIS EA R

[ RS faL4t

N brainfuck 2R, FFRAER T EN hi” #5575

B [>++++++++++<—] DH+++, +,
FE LIRATTLLEBRE S 4E HARPLSIE S, KHERmHIES M ABFES G LIEBFHLEE L2171
3.2.2 ANJIBRIEVLERIER

(N JTEPEHLEEY  (Human Resource Machine) J&—ik W iHhs RIS IE 5 ek, ks, TiRImE— M,
KA ) BRI ER AT o B e i b A A A — M55 RSB I B b, 58 AT 55 (38 42 3 2 P IR A i L 1A P L B 4
A4 IERII gy, B AR BER S 45 5. AN BHIENLAS P 4t w5 o AN S & 4R R G008 FH 103 Y i
=, FyfEmacOS. Windows. LinuxfiOS_FiZis sk iBeidsl it 58 4 — 01

NFIGEVENL A LSRR A 5. INBOX Ay 2% R A B A, OUTBOXK R4 54, DU/ AR —ANF5 478, I A7 i
B RO HARORT B YA, SRR B AR I BRI HIE S . ROTELIALEE 4

K R

INBOX WA NIRRT, TP (A7 4%)

OUTBOX R (Frfeds) IERBE HimiE, 85T PR isech dds
(UL AT 2545 & A REIEAT)
R bR B IG5 AR TP B BRI F b (P 2SRRI

COPYFROM
HuARCRS 7 A HidiE

COPYTO R (Frfrds) BRI B _ESEANgn 5 1R 1A,
Fri B AR

ADD e Frb GRS BB AN G 506 I (3t BRORS 1 B e AR
WA (P iR R D

SUB RePrh (FrAras) AU RIS G 5 00 L A BRSO 28080 A Ok
WEHRTRE T rh (P b2 i a1 R D

BUMP+ B

BUMP- H s
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THEAHLEE

ey i fi e
JUMP Bk
JUMP =0 NEFAFBRES

JUMP <0 NIk AEBbES

B 7 HLASAR A0, Bk P SR S R AE AR A I, T AP ORI BB . A D BEIRH LA R O B LA 4R & 32 220 BL
TIL:

o A/ (INBOX, OUTBOX): i N\ J5 T R Lt = BRI, it m T ool sof 2 .

o HdliflntE 4 (COPYFROM/COPYTO): EZHI TAXA LIAZAr4: (Trh) MNTE L B, fe it 220 tri it
R R

o HARMHX(ADD/SUB/BUMP+/BUMP-)

o BRFARA T MR, AT L AU Kl

TR SCER G A R L o B T REARREARNEE BG4 40, FHBC A A AP ARl LLSCEL) 30, AP0 W12
WL T

TR RIES: KMASIRFI0HER, AFOMBH KU, AL R R TT 5

B 3-1 A7 050l a8

BAEFAG —MIAE S — MRS P BEE R IR 4

LOOP:
INBOX
JUMP-if-zero LOOP
OUTBOX
JUMP LOOP
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T il INBOXHR & B — MR L SRS HIMT QLR 2 75 00, IR ORI R sk 4% BT S R St T — AN Bt
bR e, RSB EITL . DU IOt A B (2, BT 55 52 O T B SE i — JER b L, SR AL B SRALLY
B RAESS

3.2.3 X86-641k R %M

X86H 5L /2 £80X86 I FK (=475 , fffintel 8086. 80286. 8038611804865 15454, HULHAHHAR A
X864 . x86-64/EAMD A A T-19994F Wi X864 KI6ANI I JE, 1M/ HRA T 1647 & 3247 ¥1x8644H) . X86-64 H AL
ZHAAMDG4, k2 Goil 5 HGOARCHI AL &4 € INAMDG64 . WA Rk Ui I 1016, AR &t RIE S P 2 41 X5 64
frIX86-643 45 .

TEAE SRS 5 L AT AL ZUE 1 I CPUMR RE5 M. R THI2X86/AMDALA -

XB6/AMDG4 Architecture

high FLAGS MOV [LEA
4 IP | CMP/TEST/IMP/JICC] |
| PUSH/POP |

CALL /RET

ADD /SUB/MUL /DIV

AX

| AND/OR/XOR/NOT
heap

I I
roclata ...more ins...

RB~R15

low

Memory Register Instructions

K] 3-2 AMD64 421

JEIDFE NAE TR W WL N AEAT R . Ferhtext—font AU BL,  H TR AT fa - Bl , AR B — o Rk . SRJE2
rodatafidata®idli Bt, HodiaB— M TR R iEdE, Hbrrodata@ N B8k B iitheap B 1 & BLA) A 14
stackBOH T4 B & B IS AR G I8 - ARV 2 0 35 P — i textf U BUdataicdin Bt LGOIl gwili & 1)
FEAE T X M TEXTHIDATA iy 2 1152 SCARAS A EE -

HIEEX86HE LI A fF 4 . WA e CPUW i S I B, RS BRI A 7 s S UL 75 2 i 3 77 4 vh 4 e i CPUAR
B, RN A AL H S RIS R T AN A . X8O IR R F A7 S FLAGS IR & A A2 88 PPN IR 2R A2 8840, 16 H
AX. BX. CX. DX. SI. DI. BP. SPJLMMEHZ 78, 1EX86-64H I T )\A~LAR8-R1577 =\ sy 4 (138 FH 2 (7 4% . KT
SRR FRO-R7FHFAZEH A4, EAEX8TIFIA TSI NIIMMX TS 4 & H 1o /745 . L1081 295 745 BPRISP 2 W4 FL Uk Ik
fRarf7 e : P BPA T sk il & ol AR A0, A0 ek B0 A AR DG4 A 2 B U e M BPIKI(E s SPIIISKT R 24 i B4R £ 1 4L
B, FUAIR AR S tsg wSPRIE ;MR8 i TR 5 ZEBPAr A7 4% 4 R IL H T1F

FIL/EX86HITRLEE . CPURZ MRS MAFaR AL, $RAREEDCPUNERISTE, $74 B KISl Al i a3 17 s FIA AT -

BATAT LUK RN 182 1 CPU N ELARERE h R0 A0 — A BB O8R5 25 T 1 4 o By i 58 2 2R IO P PRl R 2 T 2 i 5
TP EEBUR
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3.2.4 GoiLgm+t HIth T

Goil-%w v 1 AL IS % S, SIAN TPC. FP. SP. SBIU/ M 75 frds. WU ZFAFds it e i 93 78 it 2 Goll g 15 5
XFCPUMIEBH 4, 123l B 45 K & I T L e AEXBO R Kk R 45 4 .

VYA Py 75 4785 F1X8 6/AMD G A (14 A A7 F1 2 778 (RUAH HLOG A 01 1 & :

Go's Assembler pseudo registers

| FLAGS | | mov/Lea |

heap
| PUSH/POP |
o e |

X | ADD/sUB/MUL/DIV |

| DX | | AND/OR/XOR/NOT |

S| | SHL/SHR ‘
’
|
data !
|
|
rodata L ..more ins...
“ I___m R8~R15
|
p—
Memory Pseudo Registers Real Register Instructions

] 3-3 GOl gty 7717 7%

TEAMDGAM S, (hPCAFAE SIS IPHR & VMBS A7 AP 2R I 44 o DO FPEF A7 28X L AR A R BURI TR BT, — B R 1] e B 2 8
AR E o Dy SPHAR XTI )52 24 5 b8 B W R (A RIFSEARMIER ) » — B TR E. hSPR P HER
FERRIN R AT 45, BORICAFAE — AN A A (KRISPILAF A7 s . FLSPRFARAs X B AE R A TS, — A 3708 (L 18 Y 3 & e B 280 [
fH.

BRIl E A7 SR B A A I A R 0L — A WA R B MR IR TS, IR bR R AT 4%
MR A4, tm (Sp) +8(SP)  WAFRFETSINHSPAAfFds, M a(SP) b+8(SP)  HIRHFA
(I SN

3.2.5 X86-641544&

TRZIC R 5 M BRI E 5 R AT TR UHL RIS 5 A RRMCPURAL., BRI R R, SR
R I 2 T RBE RN, /LR R CPU IS AT RINLAS IR & i e & FER o VAR & XA T RS R R Fl ey —
KRR BIRCPUTRA M 2257 1 S A IF LR IR R (ERIE AiH 5 AOAR 9% TR A A TR B DT AE . T
U E Plan9f Goil 2 18 & XS 1 —E ieiult: B e Goll gl & EANR CPUZEM Fg 58 e — 3, Wt hrill 1 #4F R 2
S5 Al GoIL il & 4 — ekl Jf HARRIRIIR 2 SO R 24 T RIDh T2, MMk AR CPUZEHY MIC RIS 225 (RF i
ZF AR ZE R — EAREID o AN H 2 — UM T R 24, BRI GOl g 1 5 1142 21

X86/E ML RINALE, HAGIX86-64HTE LA ML —T P22 AMUNAILL, X86 IR L PAFE4 D RE A H 5k
Ko AR SCIEY] 7 U —AMOVIRL il I B — DM E R s AR SE. LR R PIRIRE O, K2 I FRA 144
AR TR S, (R BT AL 7 MOVEE 4 (1 2.

I A BEREA LS4 KT UL Bl e linde & HRIBEMZRIZHIES . EERES ML eSS LK. BRI L=
RSt — 1 X86-644F &4, LUE TGoil it 7 17> .
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LA B G EEIIMOVIES

HAFMOVIRA T U TR PR sh B a5 A4 as . FIER BN A F A7 3 Z M B0 1L 40

A I AAE Z A EE L . TR BRI, MOVARMITR N AR FBUA Be A, T DL I RN IR N 5 A7 2 200 H

7o 5 T 5L N A S AL I B A A, 386FIAMDGAE 4 —#F, AR, 2. 4518

Data Type

[1]byte
[2]byte
[4]byte

[8]byte

386/AMD64

MOVB

MOVW

MOVL

MOVQ

Comment
B => Byte
W => Word

L => Long

Q => Quadword

JEA AR 2

MOV A E AU T 135 7 S5 P AF 2Z IR EOE 10 ELC mT DU T A PR A3y e AT o 2 80008 06 LI 25 A7 33 1 5

FEA A 5 AL AT SALRS, 386F1AMD64H & [ AN [FIH4E 4

Data Type

int8

uint8

intl6

uintl6

Ll 4 200 — AN int6 4 AU [ Hdfa e Jybool AR, NI 75 2243 FHMOVBQZ X454 Ab B,

HEAFARTE S HADD. SUB. MUL. DIV&Hi4.

386

MOVBLSX

MOVBLZX

MOVWLSX

MOVWLZX

AMDG64

MOVBQSX

MOVBQZX

MOVWQSX

MOVWQZX

A ANV AHS IR S HAND. ORFINOTEJLAME 4

ELR N
ADD
SUB
MUL
DIV
AND
OR

NOT

i RE
i
%
Peik

Brik

2is

W B

WHRHUY
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sign extend
zero extend
sign extend

zero extend

HHADD. SUB. MUL. DIVHFI. k. T, BRiz5,
XFRIERRY . BB S5 LAMES .
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THEHLEH

Ferh SORTZ MR A P AR Al i A LGRS A8, TR & A 25 AR BhEE 1 2 B TT LASEIL B ST % /4 40 S A
GG T EEE R MULAIDIVAR SRR LT 4 W RERS S A T RE L9547 2%, FRAI I P AT R T

A2 ACMP, JMP-if-x. JMP. CALL. RET%#4 . CMPHE4 FH T M AR E Sk, AR L gt i BRA S A7 4 )
Feg RLRAL, AT U] T A 2 AL BB 26 A o IMP-ifxo — LA 6B 1R 4, W AJL. JLZ. JE. JNE. )G. JGE%HK
Ly RERUNT L ANTET ST AT RTNRTET RN B . JMPHE-& WX RTC 5 Ak, R SRR st bk v 5
IPHR A ZF A7 At S0 7 4% . T CALLARETHR 4435l Ay i FH e H0RT R 50 [E1 5 4>

EA fi e
JMP Tk BA%E

JMP-if-x &Rk, JL. JLZ. JE. JNE. JG. JGE
CALL W R

RET PRI 11

TEoFA AN S AR A 2 SEIL S SORPE PR P R R AR 4o B b, FRAT v DU 4 41 4 S bR 2500 o FH AR 0] 2
RE. AIEBEN H A eR H D R BT SR B — AR R RO R PR3 O CPUBREL X b8 B U AR [ 1t 1 LA 35
AMZFA s .

HE B HEERIHRSHALEA. PUSH. POPEE LA, JLrhLEATR &R bnifE 28k U ) At Ik 20 25 A s GRS I A A7
MEMAAD o PUSHRIPOP ) A& AR tH 154, S % 174 P AISPNARET, Hog R R hE DT FB K.

SR fiRE
LEA i
PUSH JEAR

POP R

47 EE (R4 51 77 2V [ B B M PR S RE e pl 2ons 2 L AEIS T DAFILEASR 420t H BT P9 A Ui, SR 5 AE SR 00 17
AR . AR IR A Wl BT R B0 5 SR AR

G T EUARE, GOIL4mia & nl AEH A SR CPUTR 4. 0SB B A L HRFMCPUTE 4, 1T LUl Goll 4 i 75 $2 AL
BYTE iy 444 L SE1ICPU TG 4 5% B [ H L A 78 B B (17 B o 5 BEMIX8648 4 1E
https://github.com/golang/arch/blob/master/x86/x86.csv SCAE o FRF Goil gwid 1IEX—2e45 4w LT 44, A ARmTLL
%#iX B https://golang.org/src/cmd/internal/obj/x86/anames.go -
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A R A

HEMERALE

3.3 HFEMNERZTE

T3 v [ — D03 B (K 6 (B 8 B P AR i B s B Rk U e AEG ot 5 R 2R B BOAFHE ALY, H2Goil
G LN BRI A T Tl W BYIG. A VR R, ST DRI LR, R B AR RIE A an L
ERMAR. ATRERIHEGoILS 15 5 T M R RN L,

3.3.1 &

GOV i & il i NS e S5 AT 4. W B R BB B IR O . R R A B R A LR AL, DU L
TR ) 1)1

$1 /) A
$Oxf4f8fcft // Akl
$1.5 R
$a 2
$”abed”

o R R BB A% 5, T DU N i om0 B R M S ET AR AL K 2R B AT R
NN

T HUER TR, AT DU AR IR A B I

$2+2 /] HERIEKX
$381<<2 // = $4
$(3&1)<<2 // == $4

Hopi R A S FAT RIS RN Goil 5 fRiF 5.

Goil & i 5 HH IR B H SEAMUA R e o &, 0 5 AT I it o gL rp 4 o) (K8 40 4 Jr) oA LR IS AT I bkt 2 [ 5
AR, 32 B Hihk A S AR 1B A A o P Mt — I e

TR AR AR A G i S A A

GLOBL « NameData (SB), $8
DATA  + NameData (SB) /8, $”gopher”

GLOBL * Name (SB), $16

DATA  » Name+0(SB) /8, $ * NameData (SB)
DATA  » Name+8(SB) /8, $6

Hrb $ e+ NameData(SB)  HAZLASEICH T AN, HILBe LUGEEIER —ME R, BRI ZNameDatatl s & )
Hbo FEICGMFE A, FRATH AT LB LEARS 4k I NameDataZs & fry i .

3.3.2 £R%E

1EGoili 5, BEMRGEE NG AG 2R EENRHEE LY. SREELU-RANEE, 2REE - RAERNFEE
(AL, P W ST AR AR PP I AT I A 170 R AR R — RS R N S SIS R, AT HE R BORAT (R S T A e AR
AV, R B 78 BUR R I CRTIR S8 8 P 0] Jm) B A8 SR SR A TR D
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A A R AR R

MGOILEE 5 ALK, ARARRR ARG AR KIN2ER . fEGoildn T4 AR A4 R e ECE AR, #Rk I — A A
N SCHAE S RS TR PYAE, - DX R A AR IO B i AT IR & o RUATETSI T 2 RGES AT NP IR 4t
FEHE, 1S AR ARG — bR A AE T DN B I AR TR 225, DA 1 22 v UGS B IR 3
AERIRS OLRPTE)TEARRIEI) o RN 7 E CICMRE G, A se it SPH = [ kka sz .

HEGoILgmiti 5, WIE 2l SBIy 27 asEfit. SBAEStatic base pointerfi4i’s, R ANESNAIERIITMEHNE. FATT7T LIS SB
RGN — AT BAT AR RN AL, BT 8RS 4 R 58 ] LUB SBIN— /M e O, A 1 UM R 3t
S A T SBN I A R . T SBONFFARAT, AR 2R A4 ) R A 5 T A AT AT DXl

B X AR E, HRE A NREN AT, DR NI NTER N B AR S AT

GLOBL symbol (SB), width

GLOBLIL #wfia 4 HT5E 4 ysymbol AR &, AR &0 (1 A A2 56 5 ywidth, P47 5 B A B AR . T T AR i
TG 5E X —Nint3225 7 [ countE & .

GLOBL - count (SB), $4

Hopf5s e count DI RUFRFRZLNTEINER, RANFSL AP  path/to/pke. count . countZHE KA
ANEAAN T, R AIAS IR T I . AR TE R AR 2RO TR BT, S 1A i 24 2 PRATE AL A Sl x5 B &% - 4%
o WEEBRZ, EGOILH T IATTIE Ncount B Bl e HARMZRAY . (RIS e L& BRI, FATAROAR R 4 50
WAFRDN, AR AR A REEGoilh 5 A .

A L2 S5, 3RATAT LSS DATAIL 4 4 2 0 RN AE P IR0, ik

DATA symbol+offset (SB) /width, value

HARKE S Msymbol+offsetfi i BT 40, widthBeZHAAF, Hlvaluedd Exf M IE 1A . DATAVIAGHLALERT, width
WAGEL 2 4. BJIANTEEEZ —, BRI AT — I — P uint64 K/ RIER R -

XFFint3228 A i countZe Eok i, FATEETT LLIZA 750464k, th] DA— s it

DATA * count+0(SB
DATA = count+1 (SB
DATA = count+2(SB
DATA = count+3(SB

/1, $1
/1, $2
/1, $3
/1, $4

= T T

// or

DATA = count+0(SB) /4, $0x04030201

X864 i As 2 /Ny, KL HI 1782/ 0x0403020 LWJAG (L A i I ADN 715, AL 2. 3. 4B DI LAN T —HF
XK .

IR I T EAE GO 5 A W R AR B (NG 5 kSO A B I HIZEEL) TR [l i s S iR A AR B R SRR AT B
TR EHAT I AT e -

3.3.2.1 HAHRA

g A 2 — PR R, Golli & LR — M & W T A SRR, Rk [2]byte  RAY
A [uintle  RACEEMFERK WAL RA SBAMEEIRES & 204 AR

THBAMZRACGE L= [2]int  RAWHAAL Fnum:

var num [2]int
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B R A A

SRR AR G T R L6 7 5 NI i, IR R BT R A6 L

GLOBL  num(SB), $16
DATA * num+0 (SB) /8, $0
DATA * num+8 (SB) /8, $0

N IEE Goth A G i ) AN F0 R 7 -

var num [2]int

{/ [2]int{0, O}

- hum+ 0(SB) !

- num+ 8(SB) !

K 3-4 AFidE X

IEGARI I T ZENOPTRERE, I NGof it s MGoil SIHAA I [2]int  RAUhES R N EBCE R
o

3.3.2.2 boolBZ &

Goil il 5 AR BLFIERAEE, FILHELEEGoik 5 AU AR, LINEAEGoE & T UL bool 8L 4E

=

B

var (
boolValue bool
trueValue bool
falseValue bool

1EGOil &5 7 B IR B AR S A WIIR LT Ao SRJ5 T 2 amd 43RBT I 2 52 3L

GLOBL = boolValue(SB), $1  // K¥Ihtk

GLOBL -« trueValue(SB),$1 // var trueValue = true
DATA » trueValue(SB)/1,$1 // 4F 0 ¥ true

GLOBL -« falseValue(SB),$1 // var falseValue = true
DATA -« falseValue (SB)/1, $0
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A R A

bool R I A AE RN A LA 1T IF B S € LA R 2 T TARE YR, BN TR S B0 ARV A L. 22
H 1A I bool R AL BN T8 7 T I AP A 251N, 75 Z A HIMOVBQZXHR A1 A A2 i A H O4HU 7

3.3.2.3 int2i%TE

FTA ISR A AU 73X, BUECRIN 22 e B R K A AF RN SO B AR #55 . NI S I Jint3270
umt323’§§2’3§%

var int32Value int32

var uint32Value uint32
TEGOIE & T A AR EAR &AW IER] . 85 T &amd64 A EE I % e L

GLOBL « int32Value (SB), $4

DATA - int32Value+0(SB)/1, $0x01 // 051
DATA - int32Value+l (SB)/1, $0x02 // &1F71
DATA - int32Value+2(SB)/2, $0x03 // ZE3-4%75

GLOBL =« uint32Value(SB), $4
DATA - uint32Value (SB) /4, $0x01020304 // #1-4F15

TG E U R CER IR X S EOR A S . A ECPUTE & b BZ 77 A2 38 BRI, A S RIS A (28 BRIy e
(IR Bl S A AT 5L
3.3.2.4 float®H % &

GoiLHiif & W JCIAX /0 A B TRIF B, 5 Z AR VR B4R & 2o A (i i UL HE . GOl & OV A B A
IEEE754%5iE, #float32 Hks LT ki AUNINloat6 4 XU T M2 47«

IEEE754brEr, Hmmfrloithff s, AR RIEEAM GEECOV RIS R WA R CGEdN eI
—Abithr iAo NERIEEE754 % float3228 B T s AU bitfi 5«

Bit
]| 24123 16|15 8|7 0

E|E|E|E|E(E|E
Charakteristik

/] 3-5 IEEE754 77 i 51454

IEEE754iF i — LW W IR HIA IEGPIAN0; B 1 J855 KA S Nnfif A IFHINaN;  [F a R AT i 50d 578
DX B RS B P ORZIAS—E RO, BN BT ARECR AW R KD o R B R h Sl B R )
fv, BUONREFE Th AR 2 75 9 5 B I AR s, 1 B S K B 22 B N7 sCnT RE BRI«

NIHETEGOIE F P BIPIANE S A (RSO I g o SRR, A PRI R 2 e R

var float32Value float32

var float64Value float64

IRJFAEVC G T SOIFAI A A T P AR AT R

AR I RSO (www.topgoer.cn) - 153 -



RN RA R

GLOBL » float32Value(SB), $4
DATA » float32Value+0(SB)/4, $1.5 // var float32Value = 1.5

GLOBL + float64Value(SB), $8
DATA - float64Value (SB)/8, $0x01020304 // bit J7 =\ H¥Ightk

FAE LR T ARSI T A 5 R, Q0 S 58 e B A A FE T A B IR b AR VT A B s SO R4 T e
XS ANES, SR IHT RIS, BE TR g AT A A A FERE A N, ANREAE B AT R CPUR, AR A
Bt T EH I ER S

3.3.2.5 stringkAE%E

MGOILGwiE S MER, TR R Rk, string ka5 e LT

type reflect.StringHeader struct {
Data uintptr
Len int

fEramd643 i StringHeader 164073k, RIS/ Go Rt 5 M 375 ehAn i, SRJGAEIC S P e L — 16774 R/
AL &

var helloworld string

GLOBL -+ helloworld(SB), $16

[ FRATT T LU 5 B v % EOE IO A . 78 N iy g fRas . BATE T —AMext i e m A a &R (B O NE
%4 , W2 N"Hello World!”:

GLOBL text<>(SB), NOPTR, $16
DATA text<>+0(SB)/8, $”Hello Wo”
DATA text<>+8(SB)/8, $"rld!”

B textO EBEFESMTFRHERGLR2ANFHKE, HERNMKATEEZRIKEY EA2RREEE, X B ik
RI6ANFHMKE. Hf NOPTR ok textO>  ANUESIREHHIE.

IR 8 textRA A A E 0T I 1 A A7 kod 7 ) 6 AT g A6 v 7 R Sk s R e g Data il 2y, JF LT a5 Len il 7 v w4 3 1
KEZ:

DATA -+ helloworld+0(SB) /8, $text<>(SB) // StringHeader.Data
DATA + helloworld+8(SB) /8, §12 // StringHeader. Len

TEVERMAR, TR R, BRI D B AT R E SR N 2 .
3.3.2.6 sliceX AT &
sliceZFm fistringZE AL, RASE X N AR Y] ka5 F AT . PR SKIZE MR :

type reflect.SliceHeader struct {
Data uintptr
Len int
Cap int
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A R A

XFEE AT AR, DR BRI 24 B 5 A 8 —HE A o R FRATT A DAAE T T 2 A7 Bp A IR Rk 1, PR R — D Cap But ik 1
ZRESINE

var helloworld []byte

GLOBL = helloworld(SB), $24 // var helloworld []byte(“Hello World!”)
DATA -+ helloworld+0(SB) /8, $text<>(SB) // StringHeader.Data

DATA = helloworld+8(SB)/8, $12 // StringHeader. Len

DATA -+ helloworld+16(SB)/8, $16 // StringHeader. Cap

GLOBL text<>(SB), $16
DATA text<>+0(SB)/8, $”Hello Wo” // ...string data...
DATA text<>+8(SB)/8, $"rld!” // ...string data...

BRI A P 7 R R e, JRATTAT LUKV Sk AT 654 I P 7 T, OB T LA 2 R B e
3.3.2.7 map/channelkE T E

map/channelF KA FECA AT I AR, eATR R —MORFIRBREEE, ToEBERAIG . RIS BEATR BE KA
A EE SOFBET O IR L -

var m map[string]int

var ch chan int

GLOBL +m(SB), $8 // var m map[string]lint
DATA - m+0(SB) /8, $0

GLOBL =« ch(SB), $8 // var ch chan int
DATA  + ch+0(SB) /8, $0

JSEfEruntime AT gn et 17— Sedi B s . LhandEi g T LUR R runtime.makemapfiruntime.makechan Py 6 31
kplEmapfichans i, Sl 22T

func makemap (mapType *byte, hint int, mapbuf *any) (hmap map[any]any)
func makechan(chanType *byte, size int) (hchan chan any)

TEEEMZE, makemapsg—FERI A, WA RZEA Mmap, mapi RAERA BT mapTypes#ifec.
3.3.3 ZENATFRR

FATC gL ki, LGOI SIS S HARRRRA RN, FILEGo 5 h A AR R, &2l GExs L2 AH R 1 N 77
Gi o IRZVELAR AR AR B A7 A R VR IR RN (106 2 2 F

HAREGNH AN [2]int  ZEREEHI N FA R
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var hum [2]int

var num [2]int | ------------- » unsafe.Sizeof(hum)

FLCRG T RN 4-------- -hum+ 8(5B) i
FLCRGITL N 4 -------- -hum+ 0(5B) i
“ |
B e LT , pPkg - num +
-num (SB), NOPTR, ’-
‘__1
o 'sB

B 3-6 T hEiEX
R fEdatalBk e ), FH K R K AR R A .

RIGHAE FhrdEERGES  image. Point  SEHIVRTAS B P47 AT R -

var pt image.Point

var pt image.Point | --------- [ 3 unsafe.Sizeof(pt)

i unsafe.Offsetoprt.Y
IEE unsafe.Offsetof(pt.X

unsafe.Sizeoprt.Y;
unsafe.Sizeof(pt.X

v

B J-.

! v

-pt (SB), NOPTR,
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A R A

] 3-7 ZH 1R AR E X
A fEdata B o i), AT AS KPR B D1 I AL 2 AR AOMIR A e HE S

Bli | [2)int | B image Point | JEEREAEERMARI AT,
3.3.4 FRRRFINIARRBR bR &

GOl & HIAR IR AT LU 40 P B ERAR AR IRAT A B s iz, DRI EAS [ i B IR I ) 42 AN A L. GOl o i R RF R 1Y
P RN BRI S,  KO I ] LAV g o 1 i i B A i 5, R Bl R e B e T LA T

AR R LK LR AR IR AT A 5 3 GE e thad T R B IRAT)

GLOBL -+ pkg namel (SB), $1
GLOBL main * pkg name2(SB), $1
GLOBL my/pkg * pkg name (SB), $1

BEAh, Goll g b AT LASE S B SO AT BLY IR R AR IRST CRUCTE 5 0 lstaticig iz &) , L O NJE%H
EX

GLOBL file private<>(SB), $1

TEREAT BUR A FAA SR IR0 e SCPE AR IRAT A 44 BT 3

ULAN, GOl 4is & i 1E "textflag.h” SO 5E XL T —Lekzk. MM T8 & 47% 4 DUPOK. RODATARINOPTR/L4 . DUPOK
LRGBS MR IR TR 24, (EERER kI — AN AT (— T A MRS 2258, b S8 5 S

26D o RODATARR £ FK R4S & A R NAF B, RIS SR (T bR & B R e S BT (recovertt B 3K -

NOPTRIZR IR AR & (1 N AN S 4B 5 B0, LR IR Rl 2% Z gz AR B 106 . AR 2 O S EGoR g = B it (197%, Godw

RS AT ZAL R SR, XA A HF S5 NOPTRAR &

LU G T AR 481 i Y ok s S — S R i int R AL AR &
var const id int // readonly

”

#include “textflag. h”

GLOBL « const_id(SB), NOPTR|RODATA, $8
DATA const id+0(SB)/8, $9527

AV #includeifif) & € hr S textflag.h" k30 (FICHE S P HUALIEAIED o S35 GLOBLIL S iy &£ & AL R,
AN T NOPTRAIRODATAP MR (ZAFREZ BRI AT &), R A8 i s e e 2ol I 2 SO R sl B

A b — R T BB LR, EEconst_id mAR T LABOHAL, (EREISAREAE S ARESUNIREIIEA L g g et T
AR 12 A B B D e S RO A B A7 BCHEAT S, M

3.3.5 NG

DAL SRATHIP o 1BV g 58 AR AR R ik . (HAZ L SE AT rh A AR IV 4 5 L TR ——PIAHI GOt 5 7€ X
AR BN RN 22 (RGO & FE SRR, PR ATEB AT S AR R R D, A AR RO, RN R E T e
RIRAUE B TLGTE 5 ML SR IZIRIL S R AE RS, THIC S SRR TEIR AR I et . DRIrE BRI 14 2 SCA R
FEJG, HERORFAER A

A SR 3 R SCRS (www. topgoer.cn) i % - 157 -



PR 2L

PREX

3.4 B

ATRIRE T BONGOI i 5, AT OB Golli 5ok e L AR e E, MR NIt 2 A 1. A 5AE I0%REL
MFEARHZ:, A REIESRGoILHwIE S AT, AT H AR Goll g i i B e U

3.4.1 EXiEE

BARIRAREE TEXTIC S # 4E X, FoRZAT AR TR 452 HETEXTAAFBL. TEXTIEA)JG BIHE& — O B2 ek SR seal, (AL
YT TEXTHR A A G RKBIEA KOG HRBAIRS . FULTEXTAMLABELE LM 52, X 2 LABELZ H T Bk s
o RS AR S AR IR R — S P AE L

PR AL 8 SRR -
TEXT symbol (SB), [flags,] $framesize[-argsize]

BRHU) 52 SRR 5N L. TEXTHE A s¥ida . mlikrIflagsheab . R EUMUR/INATIT i 1) 08 B0 2 O b
HAPTEXTH 1€ LB, R84 LR E e LEms . B4 A2 (SB) , FoRZREAMSHXTSB
s i, R EATE R R LR L . V4 R AR R AT (142 Jm A B R 42 ) R B0 4 57— RO 2 3% T-SB R 2 A7
O . ARG H TR AU — SR BRAT N, FRESE textlags.h  SUfFHES, WM NOSPLIT — FEHT
TR T R BT 2. framesizedi 7R AU 5 B B R 22 DA ), B i e B O 2 T I 2 0 B
AR a2 VG BRI S HORAN, 2 T BURT DA B2 R g i 140 T A GO 55 (1 8 s W i 4fE 3 H R £ U K/

FATE A ERISwap EOT4h. Swapsi$UH T A RIS HIEIIGT, 485 3 [ B R A e 1T R4
WL GOl & A B Swapei L, KX A1

package main

//go:nosplit

func Swap(a, b int) (int, int)
FHEZmaintd trSwap B EEI 4w A e 5

// func Swap(a, b int) (int, int)
TEXT -« Swap(SB), NOSPLIT, $0-32

// func Swap(a, b int) (int, int)
TEXT -+ Swap(SB), NOSPLIT, $0

TR Swap s HU LA E Gk H e R K -
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func Swap(a, b int) (int, int)

v v

\j

func Swap

vy v

] 3-8 m4E X

MR R EN S RGOS T AR, FRRI T RIS EORN 324N G NS EORR [ 144~
iNERAY) o B RS IR LR, AR T AT RIS EU KN . AT NOSPLITARTE, 245 1R gma% il g bR 25046 A\
A2, NOSPLITX N GoWEFH I //go:nosplit  JEF.

H T BEas 2 1 p8 bR S ANOSPLIT. WRAPPERFMINEEDCTXTJLAN . HHINOSPLITA 2 A4 s el G 2 # » 2D, X — A T
B AT B EGR  BOHT BRE, IR AT DL B itk e . WRAPPERAREMF R XA — Mm%, fEpanicik
runtime. callers 3 Leih 3 ok HObi R 7 A 2N R BT S FINEEDCTXTR R T — A B R S8, —BH TN
#o

R R A R B A IR, BTl E X ASwap e B 44 W LR AL E R

func Swap(a, b, c int) int
func Swap(a, b, c, d int)
func Swap() (a, b, c, d int)
func Swap() (a [lint, d int)

//

XM R BRI EE R BUN  F A SO — BT ORI R R 8 1o 0 HAEGOV gl 5, S\ S 50RR [n1{E 24
FEBATALAT I DX o

3.4.2 FHESHAREE

TR BOI L, e B O SN IAPIZTE , WA RBIIATR. SEARMIE . SIS E )5, IR 24
RTIR [MEL R R AN 57— A 5 e e 0

FLtn — AN Swap s B 42 R

func Swap(a, b int) (ret0, retl int)

X T IEA AL AT LR 5 F e T AN NG A 6], SRR A RN 2 32 51
TEXT « Swap(SB), $0-32

AT R S T 5] XA ZHE? NIkGOIL g I N T —ANFPIAAE%%, FoRRECYRTWIIHAE, il R A S5
ko REEAICUET  +0(FP) +8(FP) . +16(FP) A1 +24(FP) k451 FHa. b. retOfiretlpi/~%
#.
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AR AT, ROEAGREZ  +0EP)  WITRRMHSE. N THE S TP RICR AR, Gollgiik 52K,
A3 POy 27 A7 25 U7 17 (K722 S b A1 — A I AR IR AT BT SR AL 5 J5 A Re A AL, — IR 200 B AR B 44 1 i 28

IR Swap pR H T 2 BRI (L7 YA A A7 R

func Swap(a, b int) (int, int)

call frame

ST argsize | 4----------—------------—--- argsize

4-- arg+O0(FP)

N e i
PR C Piniiencll
4-- 0(SP) 4-- 0(SP) i

text i

&l 3-9 B#E X

N AR R e L 4 o A R A 2 AR (B A

TEXT - Swap(SB), $0
MOVQ a+0(FP), AX
MOVQ b+8(FP), BX "BX = b
MOVQ BX, ret0+16 (FP) ret0 = BX
MOVQ AX, retl+24(FP) // retl = AX
RET

/) AX = a

WRTATLLR tha, b. retORiret 1A 77 AL LR KB, FPOYEF 7 BALES R 00 TF R HuSE.
3.4.3 SR EER AFG R

SRS BOANGR [RHE S Y LB AL 2% AR DLAZ AR (T AR BRI 2 T AT 7 S5k S S ) iR S BOR RHE 5. Eein i BUR

func Foo(a bool, b int16) (c []byte)

BB ZHAE A RIRRA, T HR ME & A AT 68 BA R v A S 50 A EL AL RN ?

FL92 bR B BN MEL R R/ DA B X 55 AT 45 R RO R /NS B8 57 e — B0, BRI 55— S S BRI SR — AR MM 273
BIHEAT — OIS 55 o FRATTAT A e AR B0 2 50 4 2 ORI I BLIRTRE BRI 20 A TR B P AN S5 PR, 5 POy 27 17 8 1 Dy
—M—AMEEF S WA A KRR S T LR S

FA IR IR SR n] LAAR 2% 5 1 S50 10 119 Foo BR B 11 2 BRI [ 4 g bk s KN e R 78 TR AT e L —
A~ Foo args and returns Il Z5H PRSI I T 1fa AR 4G ¥ 2 HORR [R1MH -
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type Foo args struct {

a bool
b intl6
¢ [lbyte
}
type Foo returns struct {
c [lbyte
}

RIE R FoOJER NS B oM SR A2, I H ORI — PP N S 8L

func Foo(FP #*SomeFunc args, FP ret *SomeFunc returns) f{
// a = FP + offsetof (§args. a)
_ = unsafe. Offsetof (FP.a) + uintptr(FP) // a
// b = EP + offsetof (&¢args. b)

// argsize = sizeof (args)

argsize = unsafe. Offsetof (FP)

// ¢ = FP + argsize + offsetof (&return. c)
_ = uintptr (FP) + argsize + unsafe. Offsetof (FP_ret.c)

// framesize = sizeof (args) + sizeof (returns)
= unsafe. Offsetof (FP) + unsafe. Offsetof (FP ret)

return

e e MFoo i BZ K 77 SN, ME— R Z R A BB WAZ i, 81 unsafe. Offsetof  BEAZNTHF LK. BN
GOLS PRI REA IR L2 AL 10 5F 20K, RLMCR I8 U7 2045 B RS S U 2 2 2 /X 5 2R . P BB 5
IR P I O SRS N AT A

Foo B 4 11 2 HURIR [BHEL IR RN N A7 A1 ) -
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function arguments and return values layout

“H-- unsafe.SiZEOf(StrUCt{a bOOI; : Intls, c []bYte})
i i

4---- c.Data+8(FP)

____’ M“
<--- O(FP)
’ !

! -~ b+2(FP)
\___ a+O(FP)

Feeee e ! argsize+32(FP) ----- i i i
I

: < ! !
! : : :
- c.Ca

I Gabit i i i

g 4 @ 1 e

| ' i c.Cap+24(FP)
i clen i i

! 64bit i i

! < - ' c.Len+16(FP)
: c.Data ]

: 64bit !

I

I

L

K 3-10 HENIZH

AR R T Fooil 2 b8 $02 BURR [MMEL ) € iz«

TEXT « Foo(SB), $0
MOVEQ a+0 (FP),
MOVEQ b+2 (FP),
MOVEQ ¢ dat+8%1 (FP),
MOVEQ ¢ len+8%2 (FP),
MOVEQ c cap+8+3 (FP),
RET

/b
'/ c. Data

c. Len

// c. Cap

HraMbZ iz MBI, bz I 7 A7 7R o H L IR 8 R R AR S 8 S A 2
X 35 BUATSE A £5 55

3.4.4 BEFHRHEE

MGoili F R LY, R AR B A e B A B E U, R R 5 s B SRR WA . (HE NGOIL WA LR, SRl
AR RBUSATING A5 240 R BRI SR A7 A IR B, A B S HRR e (RO A 257D - Ao

1 223 1) 5 2L R S HONR B R A R ARG L E R B S R BHE A M e Dy 7T B, JRATAT ORI 4 o

BRI AL B2 L NG ot B B B8 AR R, A ESHONRME R .

NTET VIR R, GolLgiifi 5 5L\ T OhSPAFAF S, XF BRI IR . [ A 7E 2 B BRI B AR I R [ e AL
JEE R BT A AT T D SPH (RS 2t st A2 I e F) T BLTRT AL SR AL S R k3 TAF o SPIOVEF AF AR HIIX 20 A — AN 2
i FHSPI A — AN FR IR AT S DhSP, a2 FUSPaFfrds. il a(SP) A1 b+8(SP)  Haflblmm ALk, X5
ISP, AT —WH T RN RMBRNZFE. W (SP) M +8(SP) AR ARIRFE NS, AR L IESP
WA
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1EX86°T-F, BRI A AL M g ik (I b R, D810 E S P2 A7 4 o I ol Y JER 9 G S 0 17 B R stk o 2 A Y T
FORS B L SEAETEI SPAT AR A, 0SS 21 i) bR BT R T0L, Xof 2 /N bk o A SR WA I Memory 8RR, 8

4 Memory[0(SP) :end-0(SP)]  AL&XS R AHIARMIAIY) v, Jrh T e fr B SPaF /74, 49t INSPArf7d%. FISPHF
A T 2R VA I E s BN RIS HOR I, FLSPAFAE 4% X B2 A B AR A ik, BT AR D5 [0 A8 B i Bt IR 1T by
SPEF A KT I8 bk, X V2 1 =) P i s AT 2 1K

T AT R, BRATHRE T 1 Foo bR HUIK) 2 BORUR [ (542 F: ol Jm) AL k-

func Foo() {
var c [|byte
var b intl6
var a bool

SRR IEIE I 15 F EHT L IIFoo R B, R PSP E AL R A -

TEXT < Foo(SB), $32-0
MOVQ a-32(SP),
MOVQ b-30(SP),
MOVQ c_data—24 (SP),
MOVQ c_len-16(SP),
MOVQ c cap-8(SP),
RET

Foorf #UA 3R AL i, EZBCA T e s E,  RID9 et 5 MIE 7S 14 1] A S B0eR BRI AR TR N 324515 . K 9FoorRi ik
AZERREME, K3 SHRGR IR AN R0 T, RIS AT DA IS AN o i Je AR B rp oo s MR B D SPAF 174
bR BT, E A B N SPEF AF AR B . A AR RN BLIXFIE SR N INGoik & R SR LA
e R B 5w U B R HBIESE G S — MR O SPRF AT B0 ARG, I X86H Ak A A Il AR 1, T BA
IR ST A A SR HBhE i 2 B B AR R R B O SPEEILE

TRATIFIAE T L3 o 435 ) PR AR5 B AR B A ) «

func Foo() {
var local [1]struct{
a bool
b intl6
¢ [Ibyte
}
var SP = &local[l];

~ = —(unsafe. Sizeof (local) —unsafe. Offsetof (local.a)) + uintptr (&SP) // a

= —(unsafe. Sizeof (local) —unsafe. Offsetof (local.b)) + uintptr (&SP) // b
= —(unsafe. Sizeof (local) —unsafe. Offsetof (local.c)) + uintptr(&SP) // ¢

PATR Z T = AR AR AR B — A EE iR b SRS HIE — A SPAEE X MY SPAF A7 s, X R A AR S S5 R R IR o SR IS AR Al
JRy AR A R/INRIE AR B0 87 3R () (% B TSRO T O SPIIBR TS, SR8 f s e — 1AL

TR AT AT LB A A SR AR B AR, RIS R ORIE R N R HE RO SR EOR . AR, R T HBHEXIFRAN, R AR R
A1 5 I AT MUF 3R o % TG0 PSR 7] 27 ) BURSE 1 R ST BV B (A )

NI A2 Foo bR A1 Ja B AR B K K /INRT A A7 A e«
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PR A

function local variables

&32(5P) b 4_ _________ ’

k-30(SP) |------- var b intl6 I e » var b intlé

var ¢ []byte 4----1----p var c.Data uintptr -—--

1 1

i |

F---p var c.Len int ---4

1

1

1

----p var c.Cap int -—--

A i
1
i arguments ,
argsize | returns i
| local_top@(SP) ----- | !
\ arg+0(FP) | !
---- ------------- <+- '
A var-0(SP) . !
; local 1 c.Cap I
i i 64bit i
! C L e T —i c.Cap-8(5P)
i | c.Len )
! : 64bit i
i I L e e 4 clLen-16(SP)
| ' i
framesize , c.Data !
| ' 64bit '
! 0 - ' c.Data24(5P)
I 1
| - b
! >Ig! 16bit
| - 4----a32(5P)
} for callee var-32(5P) A A
1 I
1 # g - -~ b 30(SP)
‘ 1
=L 0(SP) '----a32(SP)

L]

B 3-11 N b 2E e

MEE AT LA e Foo b 40} #8 A8 B AN — MBIl 5 vh ZHONUR BB I AR AT SR e A — RERY, IR BA TS it s k. HES
BOMIR ME R i O FPAF A7 3 € L1, FPEFAF 30 R EE — NS EAIFah bl GBS EOhI |, BRI MR &
FEIEEL, 1R A R I P SPAFAF AR LR, TN SPEF A A R S — AR TS BRI thE CGF— AR iAok 4
KD s IR R AL ) (i B A T

3.4.5 FHEEBEREH

W LI F GOV g S L 1 BR BHS A2 T BRB, B R B I R, R AR AR e R . X B O R L
BetRi R, T DA IE G R B S s (R — AR RE R I BRI A T I R B (EE RE S T FH FL R R E 98 4 HL e R i
MFFEEE, BNGoI gt A — N Fe RIS 155 -

TERTSCHRERATE G5 3] 7 — SIS I A R B S ORI IR [ (i A R AR R0 o IR — A AR LR, VI 40 bR A 2 B0 MR Lok
2 ZFEREREDI, WA R B S B0 tii 7 e (0 R 5 A b e B s () R s S R e, 0 P 32 [l ke
AR BT B AL L, B BOE e RETHR A 3% W1 I 77 s 8z 5, 1A 1 7 R AR [MEDRT 2 A A R B 4528 . Gotl & i
1 2 HORR [ 28 0 Sl i B i, ISR o R B AR U I, R O R B0 A — € PR REB G (Godi s
I I PR H N R G AR A ISR o

NTAET IR, A1 Goth & Kkl = A& i A 1 ek 2

func main()
printsum(l, 2)

}

func printsum(a, b int) {
var ret = sum(a, b)
println(ret)

}

func sum(a, b int) int {
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BRI
return atb

Forhmain e Bl i 5 e B B printsum B, printsum g B0 L SR AT . T printsu i g8 Py 6 S
sum e Bt E AN A, HER AT EN R B T . R printsum BE 9 e OO TR R, B DUE R B AT B
S HTHI AL

NIRRT = AR ECEGR IR A A o8 B2 O M A R -

4--- g.stack.hi
func main()
< main frame

function call frame

main
local func printsum(a, b int)
printsum frame
| TR e ek s o I
| I
+8(SP) | ------- p' b+8(FP) i
call +8(SP) argb | | b+8(FP)
printsum SO OO Co ot
I I
+0(SP) [ ------- ! a+O(FP) !
+0(SP) < arg a | , a+O0(FP)
printsum
var c int func sum(a, b int) int
e B(SP) sum frame
call sum | |
sum.ret
+16(SP) ! ret+16(FP)
sum.b
+8(SP) b+8(FP)
sum.a
« +0(SP) a+0(FP)
func sum £+8(SP)
ret a+b
T T +0(SP)
+0(SP)
-‘“ o

& 3-12 5550y

RTAETHR, BRI ESE M A AR R T T WA BRI R R B, R R B S EORGR B Y A7 1) S 20 1
FAB SRt DRI R B oy 38 A R A A P L 2 R A 2% 1R 2 TR A AN 52 7 R B0 (0 RN o A PR 368 R BT o FH O R
A RZAE R BT, IR BREOR [F] J5 ik B Bk S (W B A7 A AT AR AT - e 2001 CALLEE 41 FH eR B0 i AR A F B AT 120 R
AR printiner i H it 22580

Goifi 5 R EUH A2 — MR R, NGO B E TR BOR I S EUNAG 5, B2 LB MBEES, R LR &
A FHVE R AT RO R R 1k R B I S8 A R R, 8 J5 2 0 =5 rh 2 SRR 3 18 R AU 0

3.4.6 ERH

FREOFA I GOIL il 5 HrE 3, M2 Goil g 51 NI TRAL B H Al 1O RFIE

FECHT & hBATAT LUIEEH 2 % 8 A3 2B 2 bR B
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PR 2L

#define SWAP(x, y) do{ int t = x; x = y; y = t; }while(0)

AT LA AL 7 258 LA A H A G5 A7 38 4 -

#define SWAP(x, y, t) MOVQ x, t; MOVQ y, x; MOVQ t, y

PUAIC SR8 & e LRI AR L, AT — DS BN T IR 2 78 N 2t SWAPZ s 8O HAXTIBX AR f7 8 HOME, SR
IEpANECES

// func Swap(a, b int) (int, int)
TEXT -« Swap (SB), $0-32
MOVQ a+0(FP), AX // AX = a
MOVQ b+8(FP), BX // BX = b

SWAP (AX, BX, CX) // AX, BX = b, a
MOVQ AX, ret0+16(FP) // return

MOVQ BX, retl+24(FP) //
RET

PR Dy Ak B W) LI R 2% 2 T AN R T B s SR L, IR RT BLRTAL T & i R 22 57
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PRI

PR

3.5 #EHIR

FEFPEZAANMUT . 73 ORISR JURAT IR . AT B IR Goili = IRl HL A LWL e NI iR /e ol Bt LA
T B 4k 5 Goil 5 A .

3.5.1 JRFFHAT

NI FFARAT R FRATEL B B AR, SRAMBFRR AR IR RS . PA AN S 203 fiEFAflgotottity, JF HikAH s Gork £ —
JEH NG AT H o

LA an I s A AR TS «

func main() {
var a = 10
println(a)

var b = (ata)*a
println(b)

A 1= UM Golll g (K M 4E 'S LRk s %, UX864E 4 h— MU A 2RI H, BRI FVC 4 o0 5 I R H B A AR ik sl
% REEHE IS5, RIS S B AL, o/ NG o T ORI A R ek s

B PUERARMEHGES, WA I g BN S

func main() {
var a, b int

a =10
runtime. printint (a)
runtime. printnl ()

b =a

b+=b

b *= a

runtime. printint (b)
runtime. printnl ()

R CU 5 ALy A BN TARTE WA R A it . SR ARAEMOV. ADD. MULASHR ARG, H5 2 BTOAL ik
KITNH = v = A = JUMNEEERIANZANMES . &R runtimetl 9 ¥ printintAlprintnl g L 2
AT printngR o 4551

i IC N g S e, BRI Gorm B s IR A HB T — i, (ESEIRAE LA Sy B (0. N i RATEE— 20 il S SR 1
BR A Sl R 1 DA e

TEXT e« main(SB), $24-0
MOVQ $0, a-8%2(SP) // a = 0
MOVQ $0, b-8%1(SP) // b = 0

/) FEFTHIE SN a Xt W A7
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Y

IR

=

MOVQ $10, AX
MOVQ AX, a—8%2(SP) // a = AX

/) Pla S50 R

MOVQ AX, 0(SP)

CALL runtime * printint (SB)
CALL runtime * printnl (SB)

/) R E, AX/BX FArAs AT BERLTT R, dr BEE BTN
MOVQ a—8%2(SP), AX // AX
MOVQ b-8%1(SP), BX //

o/ IHEDbE, FEAALE
MOVQ AX, BX J/BX=AX //b=a
ADDQ BX, BX // BX += BX
IMULQ AX, BX // BX #= AX //
MOVQ BX, b-8%1(SP) // b = BX

/Y CAb S R 4

MOVQ BX, 0(SP)

CALL runtime * printint (SB)
CALL runtime * printnl (SB)

RET

g SEmain e 2 38— D R SR BUR W b . BEARREINATa, bANIntZe A8 &, [H]I i A i runtime-printinti %
ZHUE—ANINtAIE HEATIRENE, KHtbmain & ZUR R 34NNt AL L AR 244 5715 R AR A7 25 1]

TERBUIT IR I R B IIA N0ME, Jrh a-8%2(SP)  XfRiaih. a-8%1(SP)  XTRibArH: (K Aaieisowe 3, K
ShaZZ i ) .

IR — MAXT AR, IF RO AX T s fraZe B R N A7 e o810, AXHE10. A T Hitae s, & LfAXET
TFERIOEE] 0(SP) '8, XAMLE S AS7E M F runtime-printint ek 2 E 5 E (S HRAT L. BOSIATZ #T 2284
AXTE R RlaZZ R AT 1, RISLE T R BR B0 I F A 75 L A HEAT R AR 8 N & AR

TE R B BOR Bl 2 J5, A FB A A7 SR L P RE M IO B BB T, DR IRATT R 2 a . b3 B2 A A7 b BT R 25 A7 A AXAN
BX. 527 LiiGoifi & HbA R THF 7 s BT BXA S HIME, 7576 U RS BXAIE S5 N\ B boxt B A A7«

WU, BT IMULQ AX, BX AT IMULQ ARSIk, WAMIH MULQ  FRAHRE
& OMULQ  FRAEREA AX DRfEEER. mEWLEOEWA ML R4S L.

I A S AE S 30 VO F runtime-printintef Zolb A7 ) TAE . BT & AE 2 FRE vl Repis 4, Aidmainsi s Fitik
BT, RAETZEREAX. BXEFFHT .

HEH TG 25U i A BB R R 2 U AR RS . FRAIEAT Zay bR AR /M BC S A, i AR A
BHEFATFAF A RN L R HE G NN NS LI IE g ek £

TEXT +main(SB), $16-0

'/ var temp int

/7 FEHTHIE B a Xt b A7
MOVQ $10, AX /7 AKX = 10
MOVQ AX, temp-8(SP) // temp = AX

// Bla 240 R4
CALL runtime * printint (SB)

CALL runtime * printnl (SB)

/) MR, AX FTRERETTRY, i BT
MOVQ temp-8%L(SP), AX // AX = temp
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'/ ItEbIE, THEEGAAL
MOVQ AX, BX
ADDQ BX, BX
IMULQ AX, BX // BX #= AX // b *= a

H R main R BN 24 TR BI16 73T o ME— T EARAT I AL @ B IE,  RAE I AT runtime- printint ef £ )
I A AR A A SR A P e TG A, AV BN A d & aZ R NE, RAERNEPIEA L2, REEBXTFFRIFA
T ERAFRIAF. e MAILEEA R AL,

3.5.2 if/gotoBki%

Goifi & WINITFR N5 3% A gotoififl, JakGoik 5 BRI T gotoifa), ERFFA M EgfE 1. A HlcgoXkil
ORI nsaT UANE ] gotoififl, AR AmiAN At Higotoifia). Goifi i Hhfigotoifi a2 A ™ i IHIRT: & ICikE gL,
IF HAEB S M) AU P A RE S AR S LT a) . BARGolE H AMETEgotoilia), (Es2gotolfi s MEgmil 5 iR M. By
gotoITIAAE A T4 iH & MG bR 2 IMP, BLriffk fRgotomtdlpk | A & EBkEETH &, A FR MFBk 1R & TR M A
TGRS P2 AL 2R A

N T ET B, AT Goll H #it — M = ok SN IFps 2

func If(ok bool, a, b int) int {
if ok { return a } else { return b }

}

LSRN B KB =8 RIE30 . (adb)?atb PR BT BLIXFERRAL: If(a>b, a, b) o BUNIEFRIBRE], ok
MEeRIEARPMIFRBA SRRz TR g a. bALR ERRECH TN, A% L) .

A RHCBIRE NG B —17, (BREE Tif0 5. EXUHICgSEOUT, BATE R S IS ) B4k 557 o A0IFek 2
TESCE I [F R EE R RAN RIE R BEE — AN FAF RS, RIS A 0 20 R — AN RS 4k, ifiE A ffbody
4y Hfg e — gotoifif.

P 4 RO DS T AR B S T

func If(ok int, a, b int) int {
if ok == 0 { goto L }
return a

return b

KAIE S & ik bool KA, RATHHINEE R Erbool A (FLsEiiT g/t Hbyte#xboolZ6 4, mILLiliEMOVBQZX
A InEbyte M, KEM VAL o HokZHCIFON R e, IR FAED, AT oK IR T: HokZH
NORS, FoRikElb, BMREASEa, EifiEfd, 2okZHCH0N gotoRLbr S48 E Miff), Witk mAL fb, WERIFERAFA
Wi, W EokZ MR, PUTEHIIERR ML Fa.

PR RBI SR A LI RIE S R IR SR SEILR AR .

TEXT « If(SB), NOSPLIT, $0-32
MOVQ ok+8%0 (FP), CX // ok
MOVQ a+81(FP), AX // :
MOVQ b+8%2(FP), BX // b

CMPQ CX, $0 // test ok
JZ L // if ok == 0, goto L
MOVQ AX, ret+24(FP) // return a
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RET

MOVQ BX, ret+24(FP) // return b
RET

BN A SEUNER B P78, okSHN BICX P72, a. b BN NAX. BXFA7#s. )5 FAICMPQELH 54K CX % 17
AR BOREAT UL AR LA A R0, A T —2%) 290 ik 13 - W b 31 Lbs 5 0 LA 40, Rt 3R [l A2 B b IR
R LB ETERANNO, MAJZIRS KA BOR, REEAT R I RS, 2 iR A B a i .

TEBEEARA T, BRI H AR — A B — M 5 3R . AN EAT Sl 2 SN s Hh, A BUE AT AL E Bk, S T
LU R PCAFAF & (1 F% Rk TH IR b % 1 A

3.5.3 forfg¥

Goifi & Hiforfi3 A LTIk, TA X B F e L forsfitiskitit . LM AIforfidt ligltate. 4505, MBI =ANE
PR, RS EIMEN BRI IEE S, X P forgfity ] LUBHULE & S R EIR e .

FT 2 tforG ARGy, FATE L—LoopAddksl, w DU T 1A = S5 ZE 500 A

func LoopAdd(cnt, v0, step int) int {
result := v0
for i :=0; i < ent; i+t {
result += step
}

return result

Ebfyr 142+ ..+100  SZEHHIATLUXFEHSL LoopAdd (100, 1, 1), M1 1048+ ..+0  Z5EZ=4a| 0] LLX kLT
B LoopAdd(5, 10, -2) . FEACMEESZAJRARNM  if/goto  FEUKHA KNS forfiiA .

HitLoopAdd ik £ A7 if/gotoif fi i i
func LoopAdd(cnt, v0, step int) int {
var i = 0

var result = 0

LOOP_BEGIN:
result = v0

LOOP_IF:
if i < ent { goto LOOP BODY }
goto LOOP_END
LOOP_BODY
i= i+l
result = result + step
goto LOOP IF
LOOP_END:

return result

BRI TSk S e SOPAS SR A8 e F R SRR A . SRS foriB ) (MpIiath . Gl akth . AUB K= iR o =M
B, 7rHILOOP_BEGIN. LOOP_IF. LOOP_BODYZ="M55%r. HHLOOP_BEGINTEMAMIIAILAL /> N AT —ik, [Htki
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PR IEASHSIN, TN . &5 LOOP_ENDIEA R /RfOrfEF LS AL, PUANRR 575 b i i =S BL3 50T B for 4 I 4]
ULIERD . IR EAF IR, F ik AR S IR BRI MA T T

NN S 5 FHT S LoopAdd i

#include “textflag.h”

// func LoopAdd(cnt, v0, step int) int
TEXT  LoopAdd(SB), NOSPLIT, $0-32
MOVQ cnt+0(FP), AX
MOVQ v0+8(FP), BX v0/result
MOVQ step+16 (FP), CX // step

"/ cnt

LOOP_BEGIN:
MOVQ $0, DX /!
LOOP_IF:
CMPQ DX, AX // compare 1, cnt
JL  LOOP_BODY // if 1 < cnt: goto LOOP BODY

JMP LOOP_END

LOOP_BODY :
ADDQ $1, DX /) ittt
ADDQ CX, BX // result += step
JMP LOOP_IF

LOOP_END:

MOVQ BX, ret+24(FP) // return result
RET

HrhvORiresultZEE M 7 — A BX7FA7 4. ELOOP_BEGINKR 5 X M (K14 42y, JAIMOVQHsDXZFA7 4 #1461k 80, DXX R
T, A EIENAEE . ELOOP_IFFR S X RINTE 47, HCMPQIR 4 LLEDXFIAX, SRR A AT 45 A k% 1)
LOOP_BODY#73, 75 Mgk £ILOOP_END#E/» &5 R ¥ . fELOOP_BODYH Sy, SBHkAAE IF HHUT I i) Rtk
A, SR BB BILOOP_IFFS D HEAN R — e A 6 F . LOOP_ENDAR 'S 2 Ja it i [a] RN Es R (i

PEH A I SR M FEAL, EFA RS T 0 SOMBR B ). 509 TIRFA M Sk A Rt 54 TICgE S Il 5 ik, El& K

PO IR S AT UL SRR H, PO B 2 R B AR ], Lt 22 2 R G ) T B LR AT — D G 5 R 2 AR
B, B EEMRZG, R RIS R i 2 A R R A
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3.6 HibR$

FETTTH ) 53T Th AT D 183 GoRIE S R £, (EUZ SLE ERLE M TR 8. W BB B RR e A SR 4,
WU RN AT AT, 7 B Bl A T ABE AR B R 1 ) (ISR et 17, At BBl i) o iRy
PR, A MR AT R, WERBA I R WA ER sk LIRS, WAt Ak AR B
o LRI GotE F MR BUE AT DME R IR L IR, AGE A ORI U . I8 A 3% AT A SR A R P A2 ] 3 S A1
PN 5 SSBURITR? X Ee Rt AR 2 e Y R

3.6.1 BECAAME

1EGOL g it 5 P CALLIE A ] T M s 8, RETHRA M T MR s Huiz 0] . (E2 CALLMIRETHR 4 I B A AL B bR i N i\ 2
HORGR [EfE ) . CALLFEA2KML - PUSH TP Ml JMP somefunc  PNMEAIIALE, WK SiiIPHE 4 R AF as M 1E &
ABRH, SRR IE L) MPHE 4K ZE Y B BN ML 5 AN BIPAF A7 88 S BBk 4% . ITRETHE & N2 FCALUM S R #4, JEACRT - POP
P RSN, WAURE AT CALLIR A TRAFFESPH IR M bk BB AR B IPEF A7 4%, SO R iR ] o

MCIEF REAR, Goik 5 MBI ZHONIR [AIE 58 el Mefe i N 12 Go ok 0 I AR 1) A7 Jo) [«
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Staclk frame layout XB6/AMDG4

A : :
: ! retl to caller |
I

i Ir—:::::::::::::::::::::::::::_!‘— retl+24(FP)
i |
' ! retO to caller \
i |

argsize 'r-:::::::::::::::::::::::::::1I retﬂ+1E{FP}
| |
| ! argl from caller \
| |

i ;':::::::::::::::::::::::::::_‘I arg1+s(FF}

I I
: | arg0 from caller |
Y i |

- Ir-::::::::::::::::::::::::::::I.‘_ ar‘gﬂ+ﬂl:FF}

caller's BP
(if framepointer_enabled)

BP(pseucdo SP)

var2-B(SP)

4
BEREEE
B

varG-24(SP)

retl from callee
framesize 4— 24(5P)

retQ from callee

4— 16(5P)
_4— 8(5P)
_4— 0(SP)

caller's BP
(if framepointer_enabled)

\
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B 3-13 A IS HA e

T 2 VA R BT HER A BN S OB M 25 0] o SRS CALLIR 20 1 S il A M AR A . FESE N BIRR R B 2 )5
93 HZWHEN T BPAFfE 8RR IR 4, UL BPAF A7 RN [ b & SR B 1 . T N Il > A bR 5 SR AR B s ), Ay
PR I e R 0T S 5 1 SR ). R I R BT RETIR [BI4E &1, Je MR IR IZBPAISPRF A7, FA MUt 1z [l
Sl B0h R IR A AT o

3.6.2 HFILHES

Goil gili 5 H L — MR I g 5 o AR BRI R AR T 28 Sl SRR, T2 25 I GOl g UG M e 28 TSk
TR I A TE A5 . GOILZil 5 T — MR E R I HARURD AT BE & e 3 N e 25t LA 4 GOl 4Bl vk £k
S H BR B 18 FE S AR th S B AN B 1 S o ZATIRB AR G oIl 4 i 5 il 5 2R 1 LS S B AIA 1 IFLEHE 4.

NTAET 4T, BAVEMIE—AEEER R K printnle& 2. printnlsg £y #8A8E L R H runtime. printnl e £ 1 #47 :

TEXT -+ printnl nosplit(SB), NOSPLIT, $8
CALL runtime * printnl (SB)
RET

SRIGIEIE  go tool asm —S main amd64.s  FEAEEGFEG K H RS

”” . printnl nosplit STEXT nosplit size=29 args=0xffffffff80000000 locals=0x10
0x0000 00000 (main amd64.s:5) TEXT ””.printnl nosplit(SB), NOSPLIT $16
0x0000 00000 (main amd64.s:5) SUBQ $16, SP

0x0004 00004 (main amd64.s:5) MOVQ BP, 8(SP)
0x0009 00009 (main amd64.s:5) LEAQ 8(SP), BP

0x000e 00014 (main amd64.s:6) CALL runtime.printnl (SB)

0x0013 00019 (main amd64.s:7) MOVQ 8(SP), BP
0x0018 00024 (main amd64.s:7) ADDQ $16, SP
0x001c 00028 (main amd64.s:7) RET

f AR AT ER 1 AR 10Ty O DT URE, ROTH B AR S HEm, IR AR om R R D R -

TEXT ””.printnl (SB), NOSPLIT, $16
SUBQ $16, SP
MOVQ BP, 8(SP)
LEAQ 8(SP), BP
CALL runtime. printnl (SB)
MOVQ 8(SP), BP
ADDQ $16, SP
RET

B RTEXTIRA R R R AT G, BIRETIRA L RRA0R . F 22 SUBQ $16, SP 484 481 s KM/ Bl 16745 1%
&), FERRHORIAIETEE  ADDQ $16, SP B4 [MIL16T T IR ] . AT WAL — 2R ARBE HE T 8T
8o AL A EZ R8T EINE ? HAkSE A 28 = 210484 TG A He4  MOvQ BP, 8(SP) M1 LEAQ
8(SP), BP , B RHMBPHAEMRIFRIZ HICHB IR, MEK  8(SP)  HilMEFMILREFS] T BPE A A5
43/ MOVQ 8(SP), BP  #RANLEMEH IR E Z il % R BPZF A7 A MIME . S LTI S8 VUV E AR AT 1S mARES, A
runtime. printnl g % H #17.

IR LNOSPILTR R, FFE T EA AR H AU, SR BUE s BT kRS R b7 SO 1B idE%. 1 i 2 2ead 4iilk
e AL R
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TEXT ””.printnl nosplit(SB), $16
L BEGIN:

MOVQ (TLS), CX

CMPQ SP, 16(CX)

JLS L MORE STK

SUBQ $16, SP
MOVQ BP, 8(SP)
LEAQ 8(SP), BP
CALL runtime. printnl (SB)
MOVQ 8(SP), BP
ADDQ $16, SP

L _MORE STK:
CALL runtime.morestack noctxt (SB)
JMP I BEGIN

RET

LA =AHR A, MOVQ (TLS), CX  FThn#kg&ityikinst, A5 84 CMPQ SP, 16(CX)  SPikfk%r#ilg
ghtfkrhistackguard O i Lb8z, Wi LR (1 45 /N T 0 Bk % 2] 45 )2 ((IL_MORE_STK#i 4. M3RIMEITE A= 2 5, if
I JMP L BEGIN g4 ki% 1k S0 I 4 7 B A 9T A7 8 2 ) (o AG )

g4 MIRTE  $GOROOT/src/runtime/runtime2. go  SCAFE S, kM AL W

type g struct {
// Stack parameters.
stack stack // offset known to runtime/cgo
stackguard0 uintptr // offset known to liblink
stackguardl uintptr // offset known to 1iblink

N H i stack A, FROR AT IR AN SE SRl stack(fsE LR

// Stack describes a Go execution stack
// The bounds of the stack are exactly [lo, hi)
’/ with no implicit data structures on either side.
type stack struct {
lo uintptr
hi uintptr

FEgEE Rtk P i stackguard O 5t 2 B FR BT 102 2k . stackguard O s i 1674, ik FiRARRS i cipQ SP,
16(AX) R AT I ELSESPRIG R E e Lh e, U i 2R W SRR T BEHEAT AR 2, R Bk BIL_MORE_STK. 7
L_MORE_STKF#*5 4k, et Hruntime morestack_noctxtidF AT #4745, S8 J5 Bk [l B sk BUW Fan 7 B, iy e 20 s 2B
AR T o AREFRHEAT — SRR, A SRR SRS R AR A 2%, BB RS KAk

PAESERR I 2, (ER AR A 2 AE (T I AR B (W 2 FRATTAN T8 GOIBAT I 2 58 MHIEAT B ISR AE , 3 I (L B B 1 [m s T A

DRARAL I B LB AN T — e BB, AEC — AN BUN R W], S8R Rk BT B R Zh B 05T A, B SRR AL &
IIBNRESSV

3.6.3 PCDATARIFUNCDATA

Goifi &t runtime. Caller e Bl LLSR I 1l e B I T 35 2102 o BATTRT LUE R 2 A28 AT I R R e B R AL L, LA
KRB A . PRI E panic s i B log#n A5 ST, WY LIRS e AR i hn E
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E A B AR AT LA T BV P 1) ) S -

func main() {
for skip := 0; ; skip++ {
pc, file, line, ok := runtime.Caller (skip)
if lok {
break

}

p := runtime. FuncForPC (pc)
fnfile, fnline := p.FileLine(0)

fmt. Printf (“skip = %d, pc = 0x%08X\n”, skip, pc)
fmt. Printf (" func: file = %s, line = L%03d, name = %s, entry = 0x%08X\n”, fnfile, fnline, p.Name(),
p. Entry ()
fmt. Printf (" call: file = %s, line = L%03d\n”, file, line)
}

Hrhruntime.Callerde kU IN HPCH A7 a8 (H, LAECSCHERAT S . REIRIEPCHFME Mg S E, @il
runtime.FuncForPCMHGR IR B M EEA(E B . GO 5 & W] SE P Fiks 4 1 We 2

GO FMEAN—T ISR EFMIES, EHATHEN R BRI E B E R, BB AR TR FE . e A BRSO B
AN TRAE R — AN TR (BIPCHER) , AL BT A IRATk AT LAAR IS PC 517 25 AR 32 PA 7 10 21454 24 1 XoF 187 1) B 4
AP EER. TGO F i R AR HEnE, R RB AT, &35 T ALENEL. HNEERTHTUEE—1
bk B, AR AR, RULERAT R & EON RS G A E AL S, DA oA 0 7 B A b 2R A gk vl
) 1115 1115 A [ 3 P 2 3= R NS 1 B SR TR b= 2 Aok {711 5 AN 5% 111 L A N D S B U B R 1 S S s q b
8

eI 4t NPCDATAH T4 ) PCE M, PCDATAFITE A I AN: PCDATA tableid, tableoffset . PCDATAH MM
B, BANSEOVERIER, B AR 4 B AT, 4 PCDATA_StackMaplndexAil
PCDATA_InITreelndex#ifh &g 25 . BRI AR (A2 200, ROZEE T RIGHTER SO R 7SRRI EE, WA
iTPCDATA_InITreelndex T P15 & ¥ 2 4% -

SRR T4 B R [ A S A I, (3R BB R A TG 2 S5 7 24T — DN GO_RESULTS_INITIALIZED5 %
#define GO_RESULTS_INITIALIZED  PCDATA $PCDATA StackMapIndex, $1

GO_RESULTS_INITIALIZED It (¥ th2 PCEAFIIE B, FRonPCHR BRI 3 ANk 2 J5 3R [PIE A 58 B T aa A R RS «

GolE & ST BR T A PCEME, IBATFUNCEM H Tl R Z4. JR#AZ EiEEHE 5. FUNCDATATS 4 HIPCDATA
ks A - FUNCDATA tableid, tableoffset , (A—NZHCHTRMAIZA, FoARREHNMEE. BTz e LT
ZFIFUNC#A% 2. FUNCDATA_ArgsPointerMaps#r i 82 5148415 £, FUNCDATA_LocalsPointerMaps#r /=
HIREHE S, FUNCDATA InlTree® rm#i WEEBIFHITRENE 83K . JBIIFUNCER, Goil & Mkl Ml ss vl LLIR I 4 3 Fa &l
WA A, (R P B4R 1 bl 2 45 FE AR RS Bl RS L SR i e = 5 BE AT AR 3

TE R R B 5, 3-8 E - SNO_LOCAL_POINTERS . "B M7E LIl K-

#define FUNCDATA ArgsPointerMaps 0 /* garbage collector blocks */
#define FUNCDATA_LocalsPointerMaps 1
#define FUNCDATA InlTree 2

#define NO_LOCAL_POINTERS FUNCDATA $FUNCDATA LocalsPointerMaps, runtime ¢ no_pointers_stackmap (SB)

HHNO_LOCAL_POINTERS%: %71/ FUNCDATA_LocalsPointerMapsi i it &kt k%, i
runtime-no_pointers_stackmap & —/NS e RS, W& FoR MBI B REN SRR SR AR & .
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PCDATARIFUNCDATA S — B2 tho s H 2 A B, T TR SIFAISE. WRRE DA A GolE S AU, A% 4T
B At 2 BONR ME R TR ST A% o RN A A eR B0 ) — B2 X M CALLIR A, i t 2 7T UAH B 42 RPCDATAZ AR 1. 4
PEARIE— TV A IR O B BRI AR R ARAR,  RLRA ] SRR T A o B R B A P LA T PR B R

%t T-PCDATAFIFUNCDATAZI 5 &4 1 [H] 27T L2k debug/gosym BN F, S5 AL i SEBLATII AR Y .
3.6.4 FEERE
Goifi &5 5 ik R BN 4 5 R BCE A4, Ee g LR I ¥4

package main
type MyInt int

func (v MyInt) Twice() int {
return int(v)*2

}

func MyInt_Twice(v MyInt) int {
return int(v)*2

}

My IntE A [ Twice 5 MMy Int_Twice UM E 56 A —FE, R Twiceft H AR SO & i
N main.MyInt. Twice  44FR. FRATAT ARV SmscBliZ ik R 5L

// func (v MyInt) Twice() int
TEXT e MyInt  Twice(SB), NOSPLIT, $0-16
MOVQ a+0(FP), AX a

ADDQ AX, AX /) AX *= 2
MOVQ AX, ret+8(FP) // return v
RET

>

PR SRR R R AR R BRI — MR S HOE R S P, BREGR AR A 4R

func (p *MyInt) Ptr() *MyInt {
return p

}

TEHB A, PEror 4Bty main. GlyInt). Ptr, Wb RIEHPH « GMyInt) « Ptr o AETEGOILSH
EET, B AVNMEIETCE RS 7, e T g B SR I S RO 1R B R A T 1

TERAHY FL SO R IR 48 4 5 A 1R % GOl i 5 RSO IOBS AT 5 (L type. string. “hello” | OS]
B, ST R TS I R S A R R . SRV GOV By M IR T T4 S R

3.6.5 FEHEH: 1FInkA

IR R HUE ORI R 2, R R BB I A B HAERR EORAPIRS, XA IR 2 R AL P . Gotd &5 rhidh I3 s HK)
SR B AN RO [ AL, DR DA R AR 5 S0 A T A AL

T A5G I Goih I B B I AN 12 n ) KA R £ -

// sum = 1+2+ ..+n
"/ sum(100) = 5050
func sum(n int) int {
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if n > 0 { return ntsum(n-1) } else { return 0 }

SRR IEITif/goto BN LI IB A B E,  LME T e SIS fiAs :

func sum(n int) (result int) {
var AX = n
var BX int

if n > 0 { goto L STEP TO END }
goto L_END

L STEP TO END:
AX —= 1
BX = sum(AX)

AX = n // JHEE G, AXEH%RE Hn
BX += AX

return BX

L_END:
return 0

}

EWEZ )5, ARG ESINR IR R, e mg ROFEES N R, M8k (A7 T A DR IR %
HEA BRI 0 PO S B rERe B, pTEATRAT AT DUE I S A ZEOR IR D EEROIRES . RN FRATEAE L T AXTIBX R 1745
BHAE AT R 5 IR, IR HAE R B0 T G 75 2 B IRk .

I THI 4 25 O VG T A

// func sum(n int) (result int)

TEXT « sum(SB), NOSPLIT, $16-16
MOVQ n+0(FP), AX // n
MOVQ result+8(FP), BX // result

CMPQ AX, $0 // test n = 0
JG L STEP TO END // 1f > 0: goto L STEP TO END
JMP L _END // goto L STEP TO END

L STEP TO END:
SUBQ $1, AX
MOVQ AX, 0(SP) arg: n—1
CALL + sum(SB) // call sum(n-1)
MOVQ 8(SP), BX // BX = sum(n-1)

MOVQ n+0(FP), AX / AX = n
ADDQ AX, BX / BX += AX
MOVQ BX, result+8(FP) // return BX
RET

L_END:
MOVQ $0, result+8(FP) // return 0
RET

TRV G A B8 B P T oA 8 ORISR, A PR A S R IR AR 8o (A BR AR B (K 2R B AT L6577, DA Bk
WK R N6 H5. L_STEP_TO_END#R 5 70 FFAL BB IR, A& s B LA S A 13 7 L_END ] TSR ERE 11 2445 (174
P
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W sum BRI ZHE  0(SP) A E, HEHRERERIMERE  8(SP)  FrE. (EREOR )5 E il E RN E R A A
FHENAE, B9 H B R B AR P BE R 1A A AR RS . RIS B B S HUE R A TEAER, SIS HUE BT R
AERIA I R BT A IR B L T

AR VT 2 ST 1 R BRI 30 bR B B A DX, ORI AE B 5 SRR R TTARE N o FRATA R R 2% 7] RO nak
ATRA, ABRMN KRB —ERE, MR ts S —E IR, AR BRI . MM CIE 3 Bk, AR AR 2 Go
TGiE = B

GOl & Mg s (EE R B IHL S A, S fETF SN — /MBS . Ry sum el B0t 5 2R FE IR, AL AT ER 1
NOSPLITHRS, LEICgas AFATE 34— M 7 (KA

// func sum(n int) int
TEXT - sum(SB), $16-16
NO_LOCAL POINTERS

1/ JRARHIARES

K T 245 T NOSPLITHR &, FATETE G HOIT I8N T —ANO_LOCAL_POINTERSIES], ZiB AR B A R T A2 &
FREY 2 0 R B e BB BN R AR B IR S, RS /iR e 5 B S8 & TR REHEAT . AMUSUR BRI A 55 2
B ZHONR SR bR R, EGCHEAT IR MO okt 5 2. s B 2 BRIk [ B AR E IR T DL L 72 G ol 35 oh i el 4
PRI, R R AR T TR . BUNT TR R &g — MR BB AR, Pt — st o /e T 50 g h
BRI

FRRTCH LA AT RE A — D R S GEAT B3 S sl R B, B A7 PR BT a0 i i 2 BISCI, Goili & i e 4L
WA AR AT AR SR, PR MR A S 24 RIS R B0 A 25 T R 35 A s 9 R A TR i AN A 4 45
BEIF, I R AT T R, A AT A R RO £ S Im s o B (o] T BRI, DR AR AT AR AN T B A
.

3.6.6 HAREHK
DAL BR B e o K I R 8, TR D P B8 B0nT U SR A 2 R BB A ) R i A e, DRI AL R B & it B TOIRAS . WERE Bk
P, SRR AR TE, AN S RREOHYE TN EE .

N T B AR R BT AR, BAT e RE i B

package main

func NewIwiceFunClosure(x int) func() int {
return func() int {
X k= 2
return x

}

func main() {
fnTwice := NewTwiceFunClosure (1)

println (fnTwice()) // 1#2 => 2
println (fnTwice()) // 2#2 => 41
println (fnTwice()) // 4#2 => 8

o NewTwiceFunClosure  BAZEUR[El—ANPAELREN &, REIFAGRES RMIR T /MR x S8 REIF R
WEIEPATH, USRI NE L R R L2 2 J5FREl. /£ main  BRECR, pLRLIE NS EOR

Fi  NewlwiceFunClosure — FREUME—NAMHRE, REIMIAGREIRATE  fnlwice  PARBRECSRMIARE . SRJFRIK
WA fnTwice  MAELRECKREIFRIGG ISR, B 2, 4, 8.
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LRI, ANGoiE TR MW A BRI . HZ M e SR i 5 )2 2 ) TARINE? T i 31 F ThiE A
HORE R AR TR R, B2 FunTwiceClosure  S5HMRERY, FHSRFRMEXT %

type FunTwiceClosure struct {
F uintptr
X int

}

func NewIwiceFunClosure(x int) func() int f{
var p = &FunTwiceClosure {
F: asmFunTwiceClosureAddr (),
X: x,
}

return ptrToFunc (unsafe. Pointer (p))

FunTwiceClosure  ZSMRELEHARGL, B— WA F  RoRMERENREGE S bl B oAAmn X ®BrR
PSRN . W R AR B IR T 2 A MR &, A4 FunTwiceClosure  ZEAA AR BLMHAH N %S . ARG H4
i&  FunTwiceClosure  ZEffAXt %R, Hsztm@mamEong. Hh asmFunTwiceClosureAddr R T4l BRI A1 6L
PR R B A (L, SR gRiE S Sell. )it ptrToFunc 4 BN R BUE S5 MR TR 416 R PR SR B SR 0], 1% Rk
RLEP SRR b= 5118

TG B T LT =AMl e £

func ptrToFunc(p unsafe. Pointer) func() int

func asmFunTwiceClosureAddr() uintptr
func asmFunTwiceClosureBody() int

Hrf ptrToFune  FTRFEME4A  func( int  SEAIE AR AL, asmFunTwiceClosureAddr iR 7] 416 24
LA A TR L G4 /R s 3l asmFunTwiceClosureBody & P41/ bR 506 B ) 42 J R E ) S8

SR 5 F GOl 4 i 7 SEBL LA =N B ek 2L

#include “textflag.h”

TEXT e ptrToFunc (SB), NOSPLIT, $0-16
MOVQ ptr+0(FP), AX // AX = ptr
MOVQ AX, ret+8(FP) // return AX
RET

TEXT e asmFunTwiceClosureAddr (SB), NOSPLIT, $0-8
LEAQ ¢ asmFunTwiceClosureBody (SB), AX // AX = < asmFunTwiceClosureBody (SB)
MOVQ AX, ret+0(FP) // return AX
RET

TEXT - asmFunTwiceClosureBody (SB), NOSPLIT|NEEDCTXT, $0-8
MOVQ 8(DX), AX

ADDQ AX , AX /) AX *= 2
MOVQ AX , 8(DX) / ctx. X = AX
MOVQ AX , ret+O(FP) // return AX
RET

Hrh e ptrToFunc Al « asmFunTwiceClosureAddr — PREUAISCILLLEC T 5, FRATARFVEGNNIA . B T

& e asmfunTwiceClosureBody  BREMISEZIL: ©AH—A  NEEDCTXT  #ri&. RA NEEDCTXT  #wdisE SRV G sk Bk
N B E R A, (EAMDOAMES Fgilil DX A AL BR SOMEIREr, a2t

N FunTwiceClosure  ZiMJIKMIFEEr. BREE %6 FunTwiceClosure SRR REUH Z B3R X,

¥ X RU2ZEBHINA, mEREBSRZER S X BIE.
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AR T PR, R AR R AR OIS R B, S R AN E AR AR P R
BRI AN R, HAaXRysate DX, SREMAEX ST R EObIF S CALL  #54EM.
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TG VE = R EC

3.7 ILHiES BN

TGRS PR O A AR — 2 ROESLR ], SCIUR AN AT REIIAE S5 R R IR, I8 w0 2 124
PERE . X T2 — A, RATRE S LS GolL it 5 BRI RGTMA, MEZRMHACES R X TH A, &
MTRHE X 64454 AVXEE R 252 I TR T A .

3.7.1 RGiRHA

G ERAE RGOSR A TR T . BONEAE RGMRIRAET T SRR %, DI ERAE R G R SR T T 5%
DU AR ROME—T7 5. WSS — MR, RGN EGRE - PRPCZAES M, A EER T NALE. £ RG]
I, AT AR ZR G U 9 5 A0 RS H, SRS B ZE S R G0 k(] o DR DA S BB ZE S5 4, DR AR e 0 )
ICPURI I — e vl LIS K. 53— S RIRPCHIT R IS AL R Ty A #A R 58 WAL AL B AR S I AN S O P (A &
], A& PEUBRHAE . IR GE & il e A —FpiR 7.

RGBSR, (R EREERG MO, FULA A RGO AT R G IR K E R . BA1EEF LinuxyEt
AMDGAZEM) FHI RS FTE, £ syscall/asm linux amd64.s  SCAEA AT R

//
// System calls for AMD64, Linux
//

// func Syscall (trap int64, al, a2, a3 uintptr) (rl, r2, err uintptr);
// Trap # in AX, args in DI SI DX R10 RS R9, return in AX DX

// Note that this differs from ”“standard” ABI convention, which

// would pass 4th arg in CX, not R10.

iXik syscall.Syscall  BRELMINEIER:, f2U T Linux 2GR AHTE. RGIRAKTT6 N8 EHHDI. SI. DX,
R10. RBMIROZF i fhhf, 45K HAXRIDXF AR . macOSHHIUINX & Gt H 1) 2 Uk ik 2 S0k F S ARl .

macOSH RS AN 51 /usr/include/sys/syscall.h  Sk3Cff, LinuxiRSIHH S

7 /usr/include/asm/unistd.h  S3CfF. EARIEUNIXZ A & 2R G0 HI 002 BOMR [FHE AL SN 2R 0L, (EE A Al
REGIRMH RS A A L EMER, HERGEHARSHERAKZER. BIUNIXRS P54 Kwrite RGNS, {E
mMacOSHI ARG g 5 N4, THAELINUXEI KRG g5 H 21,

PA TR T write RGN QR — A AT s i s B T i AR A macOSHUA

// func SyscallWrite Darwin(fd int, msg string) int
TEXT -+ SyscallWrite Darwin(SB), NOSPLIT, $0

MOVQ $(0x2000000+4), AX // #define SYS write 4

MOVQ fd+0 (FP), DI

MOVQ msg data+8(FP), SI

MOVQ msg len+16(FP), DX

SYSCALL

MOVQ AX, ret+0(FP)

RET

H 35— A SHOE L SRS RIR T S B A SHUE TR R, AT kB A tireflect. StringHeader& 1 5E
S H O STITRIBERRE, B A8 BRI . fEmacOS RS, PUAT RGN IR T K R G g
5 _E0x2000000/5 FATHE NAX. SRJG PR, Bl A K EE A Awrite R =S, 5 5% RDI. SIFIDX
ARG . BURIEISYSCALLIR 4T RG A, R G0 AR [l 5 MAXSRIGR [9]{F .
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KFERATIEEE T RGUM A A3 T — A Ehl M H R . TEUNIXRS T, bl A\ stdoutlf SO IR figm 52 1, RILIRATTAT LA
RS BB 5 R R4 -

func SyscallWrite Darwin(fd int, msg string) int

func main() {
if runtime.GOOS == “darwin” {
SyscallWrite Darwin(l, “hello syscall!\n”)

}

WMAGELINUX R SE, A5 2RSS B0 write RETI XS R LRI AT . TWindows ) 2R S8 A 3 4 S Eufefa il . 7EX64
MEEWindows 1 £ Gt i A ZH &S N A ER A A CHl 5 AU AR ARAL, 725 8200 LR A Cor B0l 0 AT I 18

3.7.2 EEARHCEH

FETHSENLR A it R, CIE S AUNIXERAE RS B AW BRI . IR E RS R G Vg0 5 MCIE 5 s Bom 11
FRN LA BAR A F IR R

FEX86IM320L RLEIMAR, CilE MBI ARG IESHOF FHAX A7 3R B4 0L, FRocdeclZ)5E . Goili & i iflicdecl
LSRR AL BT IECRAL S ZHOF HIR [P hEATBPE A7 23 K47 )R 2 2 AK . E2 Gotl & B BOK iR I E il b
B, KGOt F BB ISR 2 MR IAME . AT LI Goth 5 B (R 2 i AR RIEINCIE S R4, R K Goits &5 sHeh i
R PHEIREIC 5 RS HI R, SRR TS TR [ 2 4R

TEXGAIAL, AMDZERHEIN T 8B A A7 4, A TR ECECHE 5 WBUASHF AR GRS . EX64 2%, BLA
System V AMD64 ABIfIMicrosoft x64##1Cifi & s i FH#E . HrSystem VIU#ITEE T Linux. FreeBSD. macOS
L ZISUNIX ARG, mWindows U E SR 1 FHIE .

FERRSE T CHl MBS )5, LA i LS id CGOR R Bl Gl &5 s M. v T TR, RATEHCIE S
— AN Bimyadd :

#include <stdint.h>

int64_t myadd (int64_t a, int64_t b) {
return atb;

}
WRIGERAT T B —4~asmCallCAdd i 4L :
func asmCallCAdd(cfun uintptr, a, b int64) int64

A NGoIL4iE 5 MCGOR AR RERIN E— MLl (FNCGO£ i gee, Tgece ¥ Goll 4uit & 24 M im 1 gw L Ak
L, M SEER) , BATEE AN SEUEANCIE S myadd g £k, asmCallCAdd i 1 1 H ARSI CIE 5 myadd s i
SRR

AT B System V AMD64 ABITEIIIA . 7ESystem VARAH, (78 n] IIRZ AL AN 2S48, 445 %FRDIlL SI. DX,
CX. RBHIRIAND (s (WA BN 5 2l XMM A AE a3 IR ME AR IET AXIR ] o it xf b 22 S0 T AT v ]
LUREL, RGAMN IR SHOE HIRLOZ A7 s tlid, 1 Cift 5 BB S8 DU S 80 I CX A i

N ZSystem V AMD64 ABI#LE JasmCallCAdd e £ i) s i«

// System V AMD64 ABI
// func asmCallCAdd(cfun uintptr, a, b int64) int64
TEXT - asmCallCAdd(SB), NOSPLIT, $0

MOVQ cfun+0(FP), AX // cfun

MOVQ a+8(FP), DI // a
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MOVQ b+16 (FP), ST // b
CALL AX

MOVQ AX, ret+24 (FP)

RET

BRI S HEOR N CoR BUBIE CRAF BIAXZHAF A E T/ S o ARG 20004 55 — A = A B0 BIDIAISIZF A7 45 . 2R
Ja CALLYE A AXeh R £ (K1 CIE 5 s 8O Co B B MAXZF 788 SR CRA B3R Wi, FFidiidasmCallCAdd e £k
il

Win64 85 (1 Ci 5 I HE2AL. ALWIin64#TEh {A7CX. DX, R8FIRIVUATFAZ AL ih B4 (L i »S 4500 75 2 i
XMM7ZifFdsfeis) , REMEMRKRIETAXIZ A, BARE T OB S S 8, B X UAR ZON T YA Sk 2 AR 231
i EER K, Windows X641 2 St i HI A CiE 5 bR H0r] BE2 K A A B AR .- RSB Windows B3R 85, FRA T HL gt
AHAE T WindowsiA ARSI 1, WindowsH P AT BLE C2il s T e .

WRIGERATHL T LAE FlasmCallCAdd ik 3 B F2 0 FH Cor % 1

#include <stdint.h>

int64 t myadd(int64 t a, int64 t b)

return atb;

import “C”

import (
asmpkg “path/to/asm”
)

func main() {
if runtime.GOOS != “windows” {
println(asmpkg. asmCallCAdd (
uintptr (unsafe. Pointer (C. myadd) ),
123, 456,
)

fE L, i Comyadd  FREXCRRELIHBHE, SRS HHONEIEREM ffE AasmCallCAdd g £, fEIXAM] 1,
4 R BB K CHE 5 BB SRR, W VB S H Go b 2 R sl W SR Cil 5 R 80T e 5 S ORI Ak, W B2
A& CGOMME I B AL LAE IR LIZAT

3.7.3 AVX3E4S

MGo1.11JT4, Goil#wih = I T AVX51248 4 1S AVXIR2 42 8 T Intel KAYSIMDIR AL iy — 7> . AVX5121) 5
K ROERARA 5124750, T LA — RTS8 64 Ay B ol JE S5 /MM o RIBEAVXTE 4T DU T B sl PR S5 AT L AR
. AL IFA LXK RICPUH SR TAVXIE S, K i ZE LS5 2 T I CPUSCHRS T B LE 095 4 .
FEGOIEF RN internal/cpu  RML T CPUR T AL MA@ MEAG S, (2 R bRMERE A GE5I FIIXAE (3
internal B4R ED o Z AR 2 IEIX86HL ALK CPUIDHE AR UL AL IR 25 I VEAME B . @)y e F

K internal/cpu  WIEHE . ALY TR G AR OB A AT NIt R B E ShRIa6 AL, R AR DL T R
AT doinited TR 1L .

internal/cpu AR X8O ALFE ZEFR AL T DA N AFIEAG I «

package cpu

var X86 x86
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// The booleans in x86 contain the correspondingly named cpuid feature bit.

HasAVX and HasAVXZ2 are only set if the 0S does support XMM and YMW registers
in addition to the cpuid feature bit being set.
/ The struct is padded to avoid false sharing.

type x86 struct {

HasAES bool
HasADX bool
HasAVX bool
HasAVX2 bool
HasBMI1 bool
HasBMI2 bool
HasERMS bool
HasFMA bool

HasOSXSAVE  bool
HasPCLMULQDQ bool
HasPOPCNT bool
HasSSE2 bool
HasSSE3 bool
HasSSSE3 bool
HasSSE41 bool
HasSSE42 bool

PRLEFRATT AT LU BLR B ARRS IS AT I I CPU S 157 SCHFAVX 23 44

import (
cpu “path/to/cpu”

func main() {
if cpu. X86. HasAVX2 {
'/ support AVX2

AVX512 LB ITE 25, RAEmICPUA 2. v 1 BRI CPUMRES TR INK, TATEFFAVX 2154 ety i i
To AVX2IRA BT LLARFE 327 O Hs, 7T AT SRS T et S il i TAR R

BT HIAVX 2R S HIBE, SRR SR 327 5 (BRI i -

// func CopySlice AVX2(dst, src [lbyte, len int)
TEXT -« CopySlice AVX2(SB), NOSPLIT, $0

MOVQ dst data+0(FP), DI

MOVQ src data+24 (FP), SI

MOVQ len+32 (FP), BX

MOvVQ $0, AX

LOOP:
VMOVDQU 0 (SI) (AX*1), YO
VMOVDQU YO, 0(DI) (AX*1)
ADDQ $32, AX
CMPQ AX, BX
JL  LOOP
RET

JHVMOVDQUAEASEH  0(SD (AX*1)  HuhEHAAMIB32 7 IR S BIYOZ A3+, AEHEHRE 00D (AX«1) X}
N H BRI AEH . VMOVDQUE A £ A 1 54 bk nT DA F % 5%
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AVX2ILH L6 Y& A, B A FarH256bitfr. WERESHIBERIRE, WAL RN S, XREmT O B s
WKEEAL A RE -
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#¥: Goroutine ID

#-7-: Goroutine ID

3.8 #F: Goroutine ID

TEBAE R G0, B REHSE — RS 5, SRR O~ dR 5. FIFFEGoE S, 1 Goroutine
WA B CME—GofESi s, XA %S Epanici s FANBE]. BRGoroutineT NEMS S, (HEGoEF tZImBAHEft
SRIGZ S 5 AL T AT RA 12 60B I Goll_4wif 5 3k HlGoroutine ID.

3.8.1 BB &I®’ A goid

MR B 7 MR PR R, Goll & ZIR AT Ltk goid I IR IRLE Ny 1 bl F . DD RS o F P e ia S Bl goid 2 5, 1EZ )5
(g 2 A B 5 Hh g 5 H Sk g oid AR . sk i goidks S HOX SRR AN I Fo A, RIS 2 S BORRIEAIE J: 4k [AIIT,
Goili & rhl G [ 77 /e I Goroutine, {H2 AR Goroutine i i 4 5 A iF sz %, X W2 S &k igoid 1 % e ik
IREFH BN A (FEFLEWO o AR = GoiL gl 5 7, M54 LLZARKGX LA 1,

3.8.2 #ZiGo R FKHgoid

NI AT R, BAVEZ R AGor Uy A3k goid. fH4iGol )7 :(3iigoid ity sURARPERERAR, (HAILAH IR IF 2
e, RISt ] DU IR e e He e 77 sUER I I g oid 2 15 1E A

HAGoIE T FH P MAZARATE panici . 1 panick i F3Goroutine 7%, W panicfEf&id#Goroutine MR i 204 ¥
HiirecoverfhBUb s, A4 BAT N KGHT EVAR O 1 5 AR (5 B B i Goroutine

NG A F R, @it panickiiiligoid:

package main
func main()

panic (“goid”)

}
IBATJE R AR AR S

panic: goid
goroutine 1 [running]:

main. main ()
/path/to/main. go:4 +0x40

FATIT LSS M Panickitl {58 goroutine 1 [running] ¥ 1atsgoid. EEMA REALRLT 3R paniciif &5 B ?
ooz A5 2 2 i R RO A AR SC AL A, runtime. Stack et B4 T 3RBUZAE BT fg .

FATE T runtime. Stack g E i g — M1, R A ETER IR E 2ok Higoid:

package main
import “runtime”
func main() {

var buf = make([]byte, 64)
var stk = buf[:runtime. Stack (buf, false)]
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print (string(stk))

—

AT SR LU A B

goroutine 1 [running]:
main. main ()
/path/to/main. g

(K1t A runtime. Stac kR K =4 85 Hpogi nl LR 25 5 il i goid (s B

func GetGoid() int64 {

var (
buf [64]byte
n = runtime. Stack (buf[:], false)

stk = strings. TrimPrefix (string(buf[:n]), “goroutine ”)

)

idField := strings.Fields(stk) [0]
id, err := strconv.Atoi (idField)
if err != nil {
panic (fmt. Errorf (“can not get goroutine id: %v”, err))

}

return int64 (id)

GetGoid R HM AT HATA HER . FEAARUHMZ  runtime. Stack

PR ECAMXA T LAERE T Goroutine f AL (F &, iE

A ASREL 4 i Goroutine A5 B GRS —ANSHEEH)D o [N 7EGoiE S WHBI net/http2.curGoroutinelD g %L &%

FefelJ7 BRI goid

3.8.3 M\g4t#a3ikElgoid

W 5 75 (GO g 15 & (R, fENZATIIGoroutineZs 1 (K1 g fa 4R (E 21 AT i2 17 Goroutine [ R AL R A AFRETLS o )
PUGSRIRTLS L RE = 76, 285 FEATLS IR ZE M 454, ffE g2 iy rh i tigoid.

TS #runtimet diE Y ifiget_tlsZ 3k gHatt

get tls(CX)
MOVQ g(CX), AX // Move g into AX.

Hrhget tlsiE—NEREL 7 runtime/go_tls.h SkICEHE Lo

X TAMDG4T- &, get_tlsZ ek %uE L.

#ifdef GOARCH_amd64

#define get_tls(r) MOVQ TLS, r
#define g(r) 0(r) (TLS*1)
#endif

Yrget tlsZr eIt 2 )n, FgiRst ARSI T

MOVQ TLS, CX
MOVQ 0(CX) (TLS*1), AX
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#¥: Goroutine ID

MOVQ (TLS), AX

BT By Ak —Agetgki, AT IR gHRET

// func getg() unsafe.Pointer
TEXT -+ getg(SB), NOSPLIT, $0-8
MOVQ (TLS), AX
MOVQ AX, ret+0(FP)
RET

IRJE GO this RS goid i 7 71 g 4 #ay s v (i 1% E R SR g o d AL«

const g goid offset = 152 // Gol. 10

func GetGroutineId() int64 {

g := getg()
p := (*int64) (unsafe.Pointer (uintptr(g) + g goid offset))
return *p

Hrp g goid offset & goid MMM E, g 4i#Z% runtime/runtime2.go.

GOoL.10/A, goidifmEs i 215274 . Fik FiRACi% R AEIEWiZ T Egoidfmfs Rt £ 152 7 MGo/R AT . HRiE7 %7
AR, MO TN T 95 28 2 A e — DB ME A IE I 5 &t o FRAT T 0T LUK goid IR RS A7 B3R A% h . SRS IR GOl A 5 2 i)
goidffm#s i .

I A S FE AR

var offsetDictMap = map[string]lint64{
”gol.10”: 152,
”g0l.9”: 152,
“gol.8”: 192,

}

var g goid offset = func() int64 {
goversion := runtime. Version()
for key, off := range offsetDictMap {
if goversion == key || strings.HasPrefix(goversion, key) {
return off
}
}
panic (“unsupport go verion:”+goversion)

10)

S oI5 T 444 T o DL 1 A3 L5 A0 G 2 WA
3.8.4 KM LMAERT MEEEO N R

MO AR )3 95 25 BARNE ELHE, (XS T IEAETF R (KR AAT IO GORRAS SE R AT, FRATTEIE ST AT A P2 RRA T goid
JE R A2 E

IR EAEruntime @A EE, FATATLOEE  unsafe. OffsetOf (g. goid) — ELFEZKHUEL AR AL & . ] LUE I S 3R I g 444

A, AR e A AW I R RS B RO gai iR — DAL, Gof UG JETE AN SR I g &t PR )2 AL
Bo ERAEGOILHIEF T, FAVETTLER M5, FIEE BB LSRR g4 R A5 B .
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TEAT MR EIN S X2 )5, GO A4 NiZ A A xt M R BUE B thing &5k &4l —1  type * runtime = g il
PRI RS R, FENIEAH A type  *runtime » ¢  FRIRFFRRTRERBNGE R .. R gL ki A 72,
W FEIRELA R/ go.itab. runtime.g A1 go.itab.*runtime.g RAUSE, HTERWITEREAEE.

WRBATRE S ZRIRRE WAL type » runtime < g FIgREl, IEABAT UG RE . FifE St fgetgd
B, IR QIRER X RINHE

// func getg() interface{}
TEXT - getg(SB), NOSPLIT, $32-16
get runtime. g
MOVQ (TLS), AX
'/ get runtime.g type
MOVQ $type « runtime * g(SB), BX

// convert (*g) to interfacef{}
MOVQ AX, 8(SP)

MOVQ BX, 0(SP)

CALL runtime  convT2E (SB)

MOVQ 16(SP), AX

MOVQ 24 (SP), BX

// return interface({}
MOVQ AX, ret+0(FP)
MOVQ BX, ret+8(FP)
RET

FeAXZF A7 S f g e, BXRFAE &0 Mg & iR AL . SRSl Id runtime-convT2ERR Hei 8L e 11 RORERATIE I
A QEHIPRTRETIEAY, DR R [l B 1 R OR (g S A AR (R AL . 3RS L IRAT R T DI QiR BT R 11, (E AN Goll g it
SRS, FATLEMA  type « #runtime < g FRIRFF.

FT QIR IR, A LI 53k goid T

func GetGoid() int64 {
g := getg()
gid := reflect.ValueOf (g).FieldByName (“goid”). Int ()
return goid

R A SO EAR i goid, Hie BB BB I Al goid R A I A F AN R AR, AVES ST AR IEAT . 2l S pRil
W, UERISTTEA/EG01.8. Gol.9MGo 1. 10/ A H IEAHIZAT . SRAAHEN, WiRg&SHIARRAM 2 P AR AR, GolkF
SHHLEIEA R AR, WARKGOWE F AR Z A AL AT LLISTT Y.

S AR R A R AT, (B SO ROPERE — BRI RO . — Nk p B R i ST R goid e AS i, SRS
L gREH A AL S goid, AR ST R 7 EAEWIIRAL BT B AT — 1K

N1 /& g_goid_offset: & I aA LAY :

var g goid offset uintptr = func() uintptr {
g := GetGroutine ()
if f, ok := reflect. TypeOf (g).FieldByName (“goid”); ok {
return f.O0ffset
}
panic (“can not find g. goid field”)

10)

AT IERRgoidfwis iz J5, KA FL #4977 23k goid:
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func GetGroutineId() int64 {

g := getg()
p := (*int64) (unsafe.Pointer (uintptr(g) + g goid offset))
return *p

Z P IRAIRINgoId S BUE B D W 5835 1, ARDIT A AR MR A ™ ) 22 e

9k getg A e FINOSPLITHR & 75 B (25 1A% 0 4 (1 s B2, B getg W ) A 1 3 8 & 24 iruntime-convT2Ei %
runtime-convT2ERH U HE B ZSIRIAL, ol Refb R AR /- 2L . TR 0 240, GORFZRSIRL BT ek EU 2 500 [1]
LN e 78 P AR H . B TRATT M g ety B B F AT S0 R s R 415 2.

R THR SO S g et B EL ) T A S

// func getg() interface {}
TEXT -+ getg(SB), NOSPLIT, $32-16
NO_LOCAL POINTERS

MOVQ $0, ret type+0 (FP)
MOVQ $0, ret data+8(FP)
GO_RESULTS INITIALIZED

// get runtime.g
MOVQ (TLS), AX

// get runtime.g type
MOVQ $type « runtime * g(SB), BX

// convert (kg) to interface{}
MOVQ AX, 8(SP)

MOVQ BX, 0(SP)

CALL runtime  convT2E (SB)
MOVQ 16(SP), AX

MOVQ 24(SP), BX

// return interface{}
MOVQ AX, ret type+0(FP)
MOVQ BX, ret data+8(FP)
RET

FH'NO_LOCAL_POINTERSH /i b B i A Jri B Fia st Ag & o [R]I Xobi [ml R4 FVEAT AR AL, BDUR AL 58 BUS il
GO_RESULTS_INITIALIZED# #MIGC., 3XFE AT ELZECRIERR 73240, GCREMS IER b B [l {5 A0 = 44 B eh (K 45 5

3.8.5 goid{IRH: REBHE
fiTgoidz )&, #itGoroutine/miBAEMM AT A2 T . AT LUE L —"glstigftgoid iyt

package gls

var gls struct {
m map[int64]map[interface{}]interface{}
sync. Mutex

}
func init() {

gls.m = make (map[int64]map[interface{}]interface{})

}
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glst AR B EAL T map, [FNEN  sync. Mutex  HFEICRRIFAVIH.

SRJE E X —A~getMap A%, T34 Goroutine = i ffimap:

func getMap() map[interface{}]interface{} {
gls. Lock ()
defer gls.Unlock ()

goid := GetGoid()
ifm, := gls.mlgoid]; m != nil {
return m

}

m := make (map[interface{} ]interface{})
gls.m[goid] = m
return m

KL Goroutine A G imap2 b, B 2Ew . . SeRfERN T

func Get (key interface{}) interface{} {
return getMap () [key]

}

func Put (key interface{}, v interface{}) {
getMap () [key] = v

}

func Delete (key interface{}) {
delete (getMap (), key)

}

BT A Cleanik 4, FT-#jkGoroutineX| Riffimap 7 :

func Clean() {
gls. Lock ()
defer gls. Unlock ()

delete(gls. m, GetGoid())

XFE— MR TE I Goroutine R AZ il gls it G 7€ il 1 o

T A AT R A A T B8

import (
gls “path/to/gls”
)

func main() {
var wg sync. WaitGroup
for i :=0; i <5; i++ {
wg. Add (1)
go func(idx int) {
defer wg. Done ()
defer gls. Clean()

defer func() {
fmt. Printf ("%d: number = %d\n”, idx, gls.Get(“number”))
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JX0)
gls. Put (“number”, idx+100)
}()
}
wg. Wait ()

Wi Goroutine R fE, AN E KR A T AL AEE BRI . I T G B IEINR,  TEEEGoroutine IR B, il
deferififiif fgls.Clean() SR UA U5«
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Delveifif#s

3.9 Delveififs

H#rGoi& = % FrGDB. LLDBFIDelve LFlifik%s. L GDB&HF S FMR L, LLDBZmacOS RS ItriE ik L
H. {H/£GDBHILLDBXtGoii & ML AT Rt &l E = 1R K50 #F, i R AT Delve/t L 1T hGoE S Wit R T A. 1 HDelve
AEWIERHGOEF I K, *WindowsF &4t 7 —FERISCRE. AT RAIE T Delvefii B R Wi i Goll_ LT

3.9.1 Delve A |]

TS E T RSO L 2 Delve iR g . AT LeiE MR ERIGoik S0, J1 T #428 T Delve i s 1k,

fEmain.go 3 fF, maineFeiEd EpIaR— MR, AEELTTRINE:

package main

import (
7 fmt

”

func main() {
nums := make ([]int, 5)
for i := 0; i < len(nums); it++ {
nums[i] = i * i
}

fmt. Print1ln (nums)

A AATHNEIEH S, SAEMA dlv debug A& BE AN

§ dlv debug
Type "help’ for list of commands.
(d1v)

HNhelp#r 4 7 LA E BIDelve ik fir 4512 :

(dlv) help
The following commands are available:
args Print function arguments.
break (alias: b) Sets a breakpoint.
breakpoints (alias: bp) Print out info for active breakpoints.
clear Deletes breakpoint.
clearall Deletes multiple breakpoints.
condition (alias: cond) —— Set breakpoint condition.
config Changes configuration parameters.
continue (alias: ¢) ———— Run until breakpoint or program termination.

disassemble (alias: disass) — Disassembler.

down Move the current frame down.

exit (alias: quit | q) Exit the debugger.

frame Set the current frame, or execute command. ..
funcs Print list of functions.

goroutine Shows or changes current goroutine
goroutines ————————————————— List program goroutines.
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help (alias: h) ——————— Prints the help message

list (alias: 1s | 1) —————— Show source code.

locals Print local variables.

Nextl@lias i Step over to next source line.

on Executes a command when a breakpoint is hit.
print (alias: p) Evaluate an expression.

regs Print contents of CPU registers
resiari (Glkeg: ©) ————— Restart process.

set Changes the value of a variable

source Executes a file containing a list of delve...
sources Print list of source files.

stack (alias: bt) ——— Print stack trace.

e IR L s ) — Single step through program.
step—instruction (alias: si) Single step a single cpu instruction
stepout Step out of the current function
thread (alias: tr) Switch to the specified thread.

threads Print out info for every traced thread.
trace (alias: t) —————— Set tracepoint.

types Print list of types

up Move the current frame up.

vars Print package variables

whatis Prints type of an expression.

Type help followed by a command for full documentation.
(d1v)

FANGOEFHIA L Zmain.mainf %, A TH LU break e thik & — AN o5 :

(dlv) break main.main
Breakpoint 1 set at 0x10ae9b8 for main.main() ./main.go:7

RGN breakpoints & A T4 ¥ B 1 T BT

(dlv) breakpoints
Breakpoint unrecovered—panic at 0x102a380 for runtime. startpanic ()
/usr/local/go/src/runtime/panic. go:588 (0)
print runtime.curg. panic. arg
Breakpoint 1 at 0x10ae9b8 for main.main() ./main.go:7 (0)

FATRIR 7 HATA CBE PImain.mains Bl s, Delve N E L& Jypanicit i BB E 7 — MW ai.

Hxtvarsdr & LA U AR AR .. BUVERZAR T /RS A RER2RARE, AT Ll —MEN S AR L
B RA .

(dlv) vars main

main. initdone « = 2
runtime. main init done = chan bool 0/0
runtime. mainStarted = true

(d1v)

PR JF AT LU L continue iy & 1R R IZ AT 2R — AN 7 Ri AL

(dlv) continue
> main.main() ./main.go:7 (hits goroutine(l):1 total:1) (PC: 0x10aec9b8)
2:
3: import (
4: 7 fmt
5

”
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6:
=> 7: func main() {
8: nums := make([]int, 5)
9: for i := 0; i < len(nums); i++ {
10: nums[i] = i * i
11: }
12: fmt. Println (nums)
(d1v)

fi A nextr & HIP AT HE A main e £ A 7

(dlv) next

> main.main() ./main.go:8 (PC: 0x10ae9cf)
3: import (
4: ”fmt”
B2 )
6:
7: func main() {

= 8: nums := make([]int, 5)
9: for i := 0; i < len(nums); i++ {
10: nums[i] = i % i
11: }
12: fmt. Print1ln (nums)
13: }

(d1v)

HEN B HCZ AT ol id argsHllocalsdr 427G o U1 2 H0R Ja) A8 &«

(dlv) args

(no args)

(dlv) locals

nums = []int len: 842350763880, cap: 17491881, nil

FoAmaink %A 350 Hitkargsar %A E M. ilocalsr 2 W H 17 s 28 Enums] e : L) A 3 ok 52 1)
Uik, PR IIRESRE Anil, KEMAEREZE —NEEILEUE.

PR A nexti & FOPRAT 5 8 i LB A Binums I A WU 2 S IS5 2R 1

(dlv) next
> main.main() ./main.go:9 (PC: 0xl0aeal2)
4: ”fmt”
B2 )
6:
7: func main() {
8: nums := make([]int, 5)
= 9 for i := 0; i < len(nums); i++ {
10: nums[i] = i % i
11: }
12: fmt. Print1ln (nums)

13: }
(dlv) locals
nums = [Jint len: 5, cap: 5, [...]
i = 17601536
(d1v)

BRI R s B T forilfi AAT, IR SR B T IR AR VIR L R R IS AR R
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T A A Al Hbreak Micondition i &, FEAEIR A BRI E — DA AFMT AL, AR ARIIAE T 3N W7 AR 2L

(dlv) break main. go:10

Breakpoint 2 set at Oxl0aea33 for main.main() ./main.go:10
(dlv) condition 2 i==3

(dlv)

SR I continue AT B WL B 26 PRI A, I HAmr iR A B .

(dlv) continue
> main.main() ./main.go:10 (hits goroutine(1):1 total:1) (PC: 0Oxl0aea33)

52 )

6:

7: func main() {

8: nums := make([]int, 5)

9: for i := 0; i < len(nums); i++ {
=> 02 nums[i] = i * i

11: }

12: fmt. Println (nums)

13: }
(dlv) locals
nums = [Jint len: 5, cap: 5, [...]
i=3
(dlv) print nums
[lint len: 5, cap: 5, [0,1,4,0,0]
(dlv)

AT AIEIAAL R T30, numshl T3 T R O EFPIARIL .

AT AT L i stack B A 24 B HUAT R BRI B -

(dlv) stack
0 0x00000000010aea33 in main. main
at ./main. go:10
1 0x000000000102bd60 in runtime.main
at /usr/local/go/src/runtime/proc. go:198
2 0x0000000001053bd1 in runtime. goexit
at /usr/local/go/src/runtime/asm amd64. s:2361
(dlv)

mi#Fi@idgoroutinefligoroutinestiy 4 & & i Goroutine Al < {5 5.«

(dlv) goroutine
Thread 101686 at . /main. go:10
Goroutine 1:
Runtime: ./main. go:10 main.main (0x10aea33)
User: ./main. go:10 main.main (0x10aea33)
Go: /usr/local/go/src/runtime/asm amd64. s:258 runtime.rt0 go (0x1051643)
Start: /usr/local/go/src/runtime/proc. go:109 runtime.main (0x102bb90)
(dlv) goroutines
[4 goroutines]
* Goroutine 1 — User: ./main. go:10 main.main (0x10aea33) (thread 101686)
Goroutine 2 — User: /usr/local/go/src/runtime/proc. go:292 \
runtime. gopark (0x102c189)
Goroutine 3 — User: /usr/local/go/src/runtime/proc. go:292 \
runtime. gopark (0x102c189)
Goroutine 4 — User: /usr/local/go/src/runtime/proc. go:292 \

AR I RSO (www.topgoer.cn) 1 - 197 -



Delveiffif#s

runtime. gopark (0x102c189)
(dlv)

)5 s TAE R A quitar 2B B g . EHRNTC L 52 7 Delve il &5 4% 14 {8 5 7k
3.9.2 ARICEHEERF

FiDelvelf i AGoiL4mfe /7 i A2 L X Goth 5 FE 7 SN . IC AR P, JRATT 0 ZIDGE A A S KRS, i 2o
Hoi H aJm) A B S HOA 7 B OGRS A S SP IR «

N T GPEER, FRATEB S AN LRI main kL

package main
func main() { asmSayHello() }

func asmSayHello ()

fEmain ek 3b I FC 405 5 seBliasmSayHellosd ¥k i — 545 5 o

asmSayHellorE % main_amd64.s3C1F sl :

#include “textflag.h”
#include “funcdata.h”

// “Hello World!\n”

DATA text<>+0(SB)/8, $”Hello Wo”
DATA text<>+8(SB)/8, $”rld!\n”
GLOBL text<>(SB), NOPTR, $16

// func asmSayHello ()

TEXT e asmSayHello(SB), $16-0
NO_LOCAL POINTERS
MOVQ $text<>+0(SB), AX
MOVQ AX, (SP)
MOVQ $16, 8(SP)
CALL runtime * printstring(SB)
RET

SRR, EIUTEImain Hi iy, w1 Lldisassemble sl g i & & A main R HO B I g AR -

(dlv) break main.main
Breakpoint 1 set at 0x105011f for main.main() ./main.go:3
(dlv) continue
> main.main() ./main.go:3 (hits goroutine(l):1 total:1) (PC: 0x105011f)
1: package main
2:
=>3: func main() { asmSayHello() }
4:
5: func asmSayHello ()
(dlv) disassemble
TEXT main. main(SB) /path/to/pkg/main. go
main. go:3 0x1050110 65488b0c25a0080000 mov rcx, qword ptr g [0x8a0]

main. go:3 0x1050119 483b6110 cmp rsp, qword ptr [r +0x10]
main. go:3 0x105011d 761a jbe 0x1050139

=>main. go:3 0x105011f* 4883ec08 sub rsp, 0x8
main. go:3 0x1050123 48892c24 mov qword ptr [rspl, rbp
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main. go:3 0x1050127 488d2c24 lea rbp, ptr [rsp]
main. go:3 0x105012b e880000000 call $main. asmSayHello
main. go:3 0x1050130 488b2c24 mov rbp, gword ptr [rsp]
main. go:3 0x1050134 4883c408 add rsp, 0x8
main. go:3 0x1050138 ¢3 ret
main. go:3 0x1050139 e87288ffff call $runtime. morestack noctxt
main. go:3 0x105013e ebd0 jmp $main. main
(d1v)

FARmain i B Py A — AT RACR IR R), (HREER TR Z I AE 4. 75 AU 08 i L rsp 25 A7 o U R 25 1) 2 5 A
S, IR E N B RI0x10501 394 R Fruntime. morestack si sk ATk 74, AR5 Bk E B main gk HOoTia 67 B =gk TR
AR . fifEasmSayHello$ifi FH 2 /i, Jed [@rsp2s 18 T I fFE rop 2 A7 2 (IR A, 76 B SI0R 7] 5 il il A 6 L rbp
(G IEEIC R AR ZS 8], Sl X L Go il & AR A R A gmARAS,  FRATAT LUMIANS Goll 4mits & MO F .

MICGmiE 5 i BERZIGOVE & SRV (8 TAE N PR AR e — MR R B, A AR e 2 2 m K Go /s,
Delveitiffit 7 —/step-instruction BB AT IC g e 2 I 4.

IAEFA MRS F breakdr & fEasmSayHellosd £ 1% B Wi A1, I Hifi A continuedy & LB R B HAT 2T s B4 R

(dlv) break main.asmSayHello
Breakpoint 2 set at 0x10501bf for main.asmSayHello() ./main amd64.s:10
(dlv) continue
> main. asmSayHello() ./main amd64.s:10 (hits goroutine(l):1 total:1) (PC: 0x10501bf)
5: DATA text<>+0(SB)/8, $”Hello Wo”
6: DATA text<>+8(SB)/8, $"rld!\n”
7: GLOBL text<>(SB), NOPTR, $16
8:
9: // func asmSayHello()
=> 10: TEXT e« asmSayHello(SB), $16-0

11: NO LOCAL_POINTERS

12: MOVQ $text<>+0(SB), AX

13: MOVQ AX, (SP)

14: MOVQ $16, 8(SP)

1152 CALL runtime ¢ printstring(SB)
(d1v)

BEI A TR OB I regs B & A F ) A A7 A IR A -

(dlv) regs

rax = 0x0000000001050110
rbx = 0x0000000000000000
rex = 0x000000¢420000300
rdx = 0x0000000001070be0
rdi = 0x000000c42007c020
rsi = 0x0000000000000001
rbp = 0x000000c420049f78
rsp = 0x000000¢420049£70

r8 = OxXTLELEFEErfrreres

r9 = OxfEfEffrfererfeee

r10 = 0x0000000000000100
rll = 0x0000000000000286
r12 = 0x000000c41fffff7c
r13 = 0x0000000000000000
r14 = 0x0000000000000178
r15 = 0x0000000000000004
rip = 0x00000000010501bf
rflags = 0x0000000000000206

WLy
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K NAMDGA R & Mg fEas IEH 2, T H A B ZI 8 s TARE M3 A7 8% . WURF B IT R 1317 I, T LR BLAX S 8%
[EUEE

(dlv) regs

0x00000000010a4060
rbx = 0x0000000000000000
rex = 0x000000c420000300

rax

(d1v)
R FRATT AT DLHEB I AL B E XA text<> i3l y0x00000000010a4060. HATAI LU idprintdr 4 ki 5E %

AT A A Kl -

(dlv) print *(x[5]byte) (uintptr (0x00000000010a4060) )
[5]uint8 [72, 101, 108, 108, 111]
(dlv)

BATTOL RS [5]uint8 [72, 101, 108, 108, 111] Rk Z&XI R “Hello” 4 o B R T7%, FATTDOEE &5
SPXI N TREMLE, SRIGEE R AR R .

2 IRA TR B R T Goll gAR 7 i TR S AR
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3.10 #FEiHA

WAGR AR SHE G S, WA DI GRABLERE T B AEMLInuxiCgiE S ) IHa, Z B ihe 7 i LACiE 5 i 4R Bl
RAEFF . WIAGR A 2IX86I g, WIATBAA (Egmif 5. FETx86MHAYY —ITh, REHLG (MAX86ILSIA 5P sih) 2%
SIAVXEE L 4 A KA

GoILZwih = s 7 KR AEF = . Hd“A Quick Guide to Go’s Assembler” &ME—f)— i KRG R GoIL4wil = KB )7 3L
B, ZEFNEINT BAFRPlan9f 3 c s A Manual for the Plan 9 assembler #1 Plan 9 C Compilers. Plan9##ifs
SRS IPRR TGRS S DL R G A SR CIE 5 i a4 . B iX JUR SO 2 J5 0 GolLgwili 5 1 — LU REh 1 Mk
&, FFHHRE SR BRI T .

GOBF MM s gmastiny ¥ —A  -S 2%, WTUEEA R REL BRI, @ikt bR AR 45 1) Goil 5 5Go
TG = ARG ) 22 57 0 LU 2 SERLI B AR . [ GOl & s I sSE BRI A & TR Z ML B . Gollgmit = K4t
GOl T MiE T, P ERGOWE 7 (10 TAF Rt 2 A B . B E E 1 02 Goili 5 runtimeflireflect W (1 SE L L EE . fn it
B TRCGOHA, HAXtGoilgwil & 1% g — AN E R . &52%E T ffsyscall 2w sl Rt iH .

Frai TGOl H IBLIE, Goll Wit & LS AR IR BSRME RS, ARCPUZIEMHERARF ALl SCRFCIEF Tk s

SCREB. AN GOILS s 5 MAMEREZ AL e —MINLINES, K2 HEKBGoE S HEBRIERS: RE MmIRHERE
T T e . BIRGOH BT R ERIFGoIl it 5 il 5, (EZIT I 52— BRI A, KB LS — AR Goil %

EEINHERE . ARNHAZIEREX GolLgiE 5 MR AT, EE FIRRILH A IR EA & — KTk, FERLLIBRIERE 2 IR
11354 e il i Goll -4 R PR 1 .
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3.10 #FEiHA

WAGR AR SHE G S, WA DI GRABLERE T B AEMLInuxiCgiE S ) IHa, Z B ihe 7 i LACiE 5 i 4R Bl
RAEFF . WIAGR A 2IX86I g, WIATBAA (Egmif 5. FETx86MHAYY —ITh, REHLG (MAX86ILSIA 5P sih) 2%
SIAVXEE L 4 A KA

GoILZwih = s 7 KR AEF = . Hd“A Quick Guide to Go’s Assembler” &ME—f)— i KRG R GoIL4wil = KB )7 3L
B, ZEFNEINT BAFRPlan9f 3 c s A Manual for the Plan 9 assembler #1 Plan 9 C Compilers. Plan9##ifs
SRS IPRR TGRS S DL R G A SR CIE 5 i a4 . B iX JUR SO 2 J5 0 GolLgwili 5 1 — LU REh 1 Mk
&, FFHHRE SR BRI T .

GOBF MM s gmastiny ¥ —A  -S 2%, WTUEEA R REL BRI, @ikt bR AR 45 1) Goil 5 5Go
TG = ARG ) 22 57 0 LU 2 SERLI B AR . [ GOl & s I sSE BRI A & TR Z ML B . Gollgmit = K4t
GOl T MiE T, P ERGOWE 7 (10 TAF Rt 2 A B . B E E 1 02 Goili 5 runtimeflireflect W (1 SE L L EE . fn it
B TRCGOHA, HAXtGoilgwil & 1% g — AN E R . &52%E T ffsyscall 2w sl Rt iH .

Frai TGOl H IBLIE, Goll Wit & LS AR IR BSRME RS, ARCPUZIEMHERARF ALl SCRFCIEF Tk s

SCREB. AN GOILS s 5 MAMEREZ AL e —MINLINES, K2 HEKBGoE S HEBRIERS: RE MmIRHERE
T T e . BIRGOH BT R ERIFGoIl it 5 il 5, (EZIT I 52— BRI A, KB LS — AR Goil %

EEINHERE . ARNHAZIEREX GolLgiE 5 MR AT, EE FIRRILH A IR EA & — KTk, FERLLIBRIERE 2 IR
11354 e il i Goll -4 R PR 1 .
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4.1 RPCAJ]

RPCAE At f I R RIFR & 70 sU AR G AN R s AT (K8 AE 7 3l LRI AY, RPCEZEMIPC—HE RN — M AVAT 2K
SRIIERNFLE . LGOI F IUARHE A AR 1 — N L RPCSEEL,  BATTRE LAY N 11252 S RPCIR) 2 A H 25 o

4.1.1 RPC/x”Hello, World”

Goif 5 MRPCHEMEZ ynet/rpc, WHUERMTE T nett B Fifii. PIICERATT DUF I ZRPCALE # T fEnetf il 2 Fif. 78
#—%“Hello, World" ¥y —i5c 5, FATEThttpSLl 7 —MTEIHI 7. RT3 T roc ST — A 2L -

A1 —AHelloServiceZ Y, HfiHello vk TS84T EN hRg:

type HelloService struct {}

func (p *HelloService) Hello(request string, reply *string) error {
#reply = “hello:” + request
return nil

HrHello /25 2t 2 Goils & WIRPCHIN . Jiik REe AW /NF RIS, Hod 3 AN SO IREERAL, JERIREI—A
errordSfy, AW A4S AT T 1

IR REAT LUK HelloService AU 3 30 A — A RPCH 55«

func main() {
rpc. RegisterName (“"HelloService”, new(HelloService))

listener, err := net.Listen(“tcp”, ”7:1234")
if err != nil {
log. Fatal (“"ListenTCP error:”, err)

}

conn, err := listener.Accept()
if err != nil {
log. Fatal ("Accept error:”, err)

}

rpc. ServeConn (conn)

Jirhrpe.Register i #0445 G200 o i A5 3 i RPCHUI K06 25 9205 W RPCER B, T4 VM (6 5 10 45 TAE
“HelloService” R4 M2 F o SRJGHATE S —ME—ITCPEERE, Jf Hilidrpc.ServeConn iR 3/ 1% TCPRER: Lo $it
RPCHk%5 .

N % S s K HelloService IR 45 194G HS :

func main() {
client, err := rpc.Dial(“tcp”, “localhost:1234”)
if err != nil {
log. Fatal ("dialing:”, err)

}
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var reply string
err = client. Call (“"HelloService.Hello”, “hello”, &reply)
if err != nil {
log. Fatal (err)
}

fmt. Println(reply)

et rpe.Dial#k SRPCHSS, #AJFid client.Callif HAKKRPCI 4. fE Hclient.Callif, 25— DSEUE SR
FIRPCHR S 4 7 RITTEA 7, 85 M =AZH0 A TE XRPCIHERI AN S 4.

HIX A1 1] LAE H RPC A A FH H: iz F & faj 5.
4.1.2 EZEKRPCEO

e SRPCHINI T e, AR NI RN G — A =Rt 5 e R 50 S IRPCIE T RN B Ho 2 s i HIRPCTy
TR DY, f o die 2 2 0 ) AR 95 A s RPCHE IR ) e it N B AE AT 17 rh AT T o AR DAk T LR A £
(0 TAR 4 3R] 7 ke, EARE LSCEL T, (B AR T IS I R A AR T .

W E E M HelloServicelR%, 55 —30 7 E W IR 25 ¥ 4 A 11«

const HelloServiceName = “path/to/pkg. HelloService”

type HelloServicelnterface = interface {
Hello (request string, reply *string) error

}

func RegisterHelloService(svc HelloServicelnterface) error {
return rpc. RegisterName (HelloServiceName, svc)

}

PATERPCARSS (3 LG 43 A =04 BRI 47, SRIE R MRS B EA 703, ez AR5
PR NTERL TR, WAERPCIRG ML FH 3N T AMAERNE XA ZRPCRFMANMAEE, L% NGoits
M E) - RegisterHelloServicei MR S5, Faifan o TR N B 54 £ HelloServicelnterfacedz 1.

TE5E LT RPCII S5 B 2 J5 27 Sl i DARRE # ¥ 4 5 RPCI T AOARAYS T

func main() {
client, err := rpc.Dial(“tcp”, “localhost:1234”)
if err != nil {
log. Fatal ("dialing:”, err)

}

var reply string
err = client.Call (HelloServiceName+”. Hello”, “hello”, &reply)
if err != nil {

log. Fatal (err)

}

HorbiE— 1284k Z client.Call 14— 2% H HelloServiceName+” . Hello” 48 # 1 "HelloService.Hello” . $XifiiEid
client.Call & ¥ FHRPC VAR AR LU B, [ 2400 2R AR SR TR A5 B g e SR AL 1 22 A f i

T Ttk i VR FTRPCRR KL, JATIAE AT AL LRGP 53 389 moxd 2 3 P ] 1 L2 <
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type HelloServiceClient struct {
*rpc. Client

var HelloServicelnterface = (kHelloServiceClient) (nil)

func DialHelloService (network, address string) (tHelloServiceClient, error) {
¢, err := rpc.Dial (network, address)
if err != nil {
return nil, err

}

return &HelloServiceClient{Client: c}, nil

func (p *HelloServiceClient) Hello(request string, reply *string) error {
return p.Client.Call (HelloServiceName+”. Hello”, request, reply)

PAVERE COTE bR 7 B BN 7 HelloServiceClient28, %35 R tn 2t /£ HelloServicelnterface% 1, X K% )™ i
FH Pl Ay DL I iz o6 R iR RPCRA R, [FII424E T —4 DialHelloServiceJ5i%, E#:4k*5HelloServicefk%5 .

BT e 0, JRATR DAL g AR .

func main() {
client, err := DialHelloService(“tcp”, “localhost:1234”)
if err != nil {

log. Fatal (“dialing:”, err)

var reply string
err = client.Hello(“hello”, &reply)
if err != nil {

log. Fatal (err)

BUAE % 7 i P A FEEG RPCIT 44 7 B S B B A UL RS R R A

B R 2T RPCHR I 4 5 TSR IR 55 i A XA -

type HelloService struct {}

func (p *HelloService) Hello(request string, reply *string) error {
sreply = “hello:” + request
return nil

func main() {

RegisterHelloService (new(HelloService))

listener, err := net.Listen("tcp”, ”7:1234")
if err != nil {
log. Fatal (“"ListenTCP error:”, err)

for {
conn, err := listener.Accept ()
if err != nil {
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log. Fatal (“Accept error:”, err)

}

go rpc. ServeConn (conn)

FEHMIRPCH S 38l . FefiTHIRegisterHelloService pR BRI R HL,  ORE AU AT DL G iy 44 it 55 4 R AT, (RIS th g
UE AR N IR AR 35 %0 Bl a2 7 RPCEZ IR E 3o B Jm BRATTHT AR 55 O SERF ZANTCPHES:, AR5 NN TCPEEZ SR HRPCHR 55 -

4.1.3 BESHKRPC

e HIRPCIR A I GO 25 5 0GOS,  [HIE U e i o VA H GOV i ML RPCHR A4 LA AL (E TEIIRL A0 T 251
£, 65/SRPCLARMR S5 M8 AT ARV R AR E 27, DRLBB 2R TR IO (RRPCI— 1 2 Bk . #43 T RPCIIAE
BT, GOl IRPCILSL th R M4 51 SCBUEs i 3 LR

GOl 5 MRPCHEZE A AN LA RF A Beit: — /R RPCEEHT (i ) DUE R RS2 30 H 5 g Fffds; 53— 2&RPCHE
SLAEHh R fio.ReadWriteCloser 12 111, FATA LU RPCAZBEAE A [\ (FB B2 1. 3% BLIRA TR 225t B o5 A A 1
net/rpc/jsonrpc# & SL I — AN E 5 IFRPC.

5 EE T json g ith #HT S IRPCR S5 -

func main() {
rpc. RegisterName (“HelloService”, new(HelloService))

listener, err := net.Listen("tcp”, ”:1234”7)
if err != nil {
log. Fatal (“"ListenTCP error:”, err)

}
for {

conn, err := listener.Accept()

if err != nil {

log. Fatal ("Accept error:”, err)

}

go rpc. ServeCodec (jsonrpe. NewServerCodec (conn) )
}

A5 i K281k 2 Frpe.ServeCodec s 3 X 1 rpc.ServeConnedi 8, 45 N IS HUR 4 AR 453 fjson i i 2% .

SR 2 S json WA IR 5 ) Ui«

func main() {
conn, err := net.Dial (“tcp”, “localhost:1234”)
if err != nil {
log. Fatal (“net.Dial:”, err)

}
client := rpc. NewClientWithCodec (jsonrpc. NewClientCodec (conn))

var reply string
err = client. Call ("HelloService.Hello”, “hello”, &reply)
if err != nil {
log. Fatal (err)
}
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fmt. Println (reply)

JeF T Hinet.Dial & B L TCPRER:, AR5 2 TAZBERIE S AT X2 ) 3 (1] son iR A 25 .

TERAR ) o o] DUE 5 I RPCIRSS BT VA2 )G, BATH — B TCP I 45X B GOl 5 A HIRPCH 4%, IXFE AT LAEEH 25 /7
N &% B R . bl ncdy 4 ne -1 1234 ERFEEG DS E—ANTCPRSS . ARG BT — X RPCH F ¥4
SRPIncHi T LR {E 2.

{"method”: “HelloService. Hello”, “params”: [“hello”], “id”: 0}

X E—Njsongmil R, Hrfrmethod#4 R EE FH (K rp cIRSS A 4L & BN 44 7, paramsEli 45— Nt R NS HL
il R F a2 6 — P — R T F 4R

i R R SONFUE Xt G 7 P B R AN GE R A % i AL clientRequest, il 45U/t serverRequest. clientRequestfil
serverRequest&h F A [ Py 28 LA 2 — 511 :

type clientRequest struct {
Method string " json: method””
Params [1]interface{} ~json:”params”
Id uint64 “json:”id””

type serverRequest struct {
Method string " json:”method””
Params *json. RawMessage ~json:”params”

”~

1d *json. RawMessage ~ json:”id

FERELBIRPCI 0 R frjsonidfe J5,  FRATRT LU L B4 1 42 8t 7 RPCHR S5 (I TCP AR 5% & 3% json B U RPC Uy v i H -

$ echo —e ’ {“method”:”HelloService.Hello”, “params”: [“hello”], “id”:1}’ | nc localhost 1234

12 [] (¥ 45 SRt 2 — A jsoni A B

{7id”:1, “result”:”hello:hello”, “error”:null}

Horridxf B ARIAZHL, resultyiR ISR, errorif/pf H RN Rt s B X TRk, id AU . |
#EGOiH H IRPCHEZE SC RSP R H, 243R [m] 45 8 (G A0 BRI AN —S50wS s T UE Rt id AR )k 2 R

% 7] (KT json i 2 6f 3 N B RPN Gk 4. % P i i clientResponse, k453 /& serverResponse. P-4 K4 1) A 2[R
&AL

type clientResponse struct {
Id uint64 " json:”id””
Result *json. RawMessage ~json: result””

Error interfacef{} " json:”error””
}
type serverResponse struct {
1d *json. RawMessage ~ json:”id””
Result interface{} " json:”result””
Error interface{} " json:”error”’
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KT KM ARG S, N FERERjsongii, CURFERIRTES T LARIGOTE & 9 S HIRPCIR ST E . IXREFRATH LI
TESEFIIRPC,

4.1.4 Http EKIRPC

Goifi 5 WAL RPCHERE D28 S RFAEHEtp T L PR AERPCH ST . (ERAEZR http IR RIFER AT T A B ifigob i, IF Hsca fedt

KA D, FIAREE SRR TIEY . ERTHE BT, BATCL S T ETCPYM 2 FigfTjsonrpchii%,
IF HiEEncay 247 LRSSl T RPCH R . BIERA 2R AEnttp il _EHftjsonrpcii 4.

HIRPCHR S5 HLSfE — N IPARESTHTE (K45 1, il sRIFR AP RL AL B TR -

func main() {
rpc. RegisterName (“"HelloService”, new(HelloService))

http. HandleFunc (“/jsonrpc”, func(w http. ResponseWriter, r *http.Request) {
var conn io.ReadWriteCloser = struct {
io. Writer

io. ReadCloser

H
ReadCloser: r. Body,
Writer: W,

}

rpe. ServeRequest (jsonrpe. NewServerCodec (conn))

b

http. ListenAndServe (”:1234”, nil)

RPCIFIR S5 2R304 “ fjsonrpc” 4%, #EAbFE B b £ T http. ResponseWriter filhttp. Request& Al (1) 24k i — A
io.ReadWriteCloserZé ¢ fjconnidii. F8J54E T connt E4H %l 55 i (¥ jsonZm ig gt 2% . % imididrpc.ServeRequestifi %
NAEFUAE R AL — XRPCII VL «

AU — X RPCI FH A R R 1) 1% B 1 A% — ANjson 7T i -

$ curl localhost:1234/jsonrpc —X POST \
—data ’ {"method”:”HelloService. Hello”, “params”: [“hello”], “id”:0}’

IR [E] )45 RARSR 2 json 1T e
{7id”:0, “result”:”hello:hello”, “error”:null}

R AT LMR TS (s AAS [ 55 U I RPCARSS 1o
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Protobuf

4.2 Protobuf

Protobuf/&Protocol Buffers(ifiifx, ‘& /£GoogleAmIH K IMN—FEIERHRE T, HT2008F X4, ProtobufiiF st
FEN LT XML, JSONSEHEHIRIE =, i bs T AR BARRD S PUKE 25 A LB 7 PG I Th g . (H R 3RATTHE T 1) 2
Protobuf{E Ay MRS MHIATE 5, 7T LME N BT 224 18515 5 PRCE: M 10 Bl T AL

4.2.1 ProtobufA|]

XF 1A i Protobufity sz, @IS WE W T P AR RS X IR Protobuf FIRPCEE S 78—l A, il
Protobuf ki £ fRiFRPCHE: LI HLE A% 4> . Protobufrf i JEA A #. ot £ message, E GO T H 4 MBI/, 15
message i LL i Emessage s H e (1 R RlEE 2R 1 i 5

Hoefildthello.protoscfl, HihtudiHelloServiceli 4 B ) 777 8 20

syntax = “proto3”;
package main;

message String {
string value = 1;

}

Tk HIsyntaxifif) &R H proto3fiaik. 5 = KIProtobuf i ifi 5 T 1 #EMIL, FrE AR 2R GoisE 5 i 241
I CRFE SR E o CERIMED DRI B R B AN 75 B S FFrequired itk . 48 G packagefi W 417 2maintl (XFf
A LLFIGOM A R FE— B, B ARES) , AR P R DU AN R A8 & e e B B R A 2 FK . I e message s
SESL—ANEINString 2R A, R IR ZE A GOl F ARG o N —ANString 25 #44c . String 2R v g — A5 H 288 [ value i
T, ARG F 19m S AE 4 7.

TEXMLEGSON S ER R TE 5, —Modiid A (1) 4 R g8 bf BRI . H 2 Protobufd it 21 /& i i B 51 ¥ — 2 5ok 45 e
XK, PRk Protobufgmit Ja Ss R A & L/, (H AR AVE T AR A B . AT H mr 3456 Protobuff g hd 4
R, A Go g Fytdnl BA H H1 K HJSONERgobZ5 itk 2, A K 5 Al LTI 2% Protobuf it i 2 i % 3 3 o
ProtobufiZ.0 i L AL RCH+HIES AN, EEJTprotoc: kas T I AL FGolE 5 . EHET Fiirhello.proto 4 %
N GORAY, 7N MHIE. R % T I protoc T, nfLAIM
https://github.com/google/protobuf/releases F#k. #RJG &% R4 X GoiE & KR A ddif4:, TTLUEIE  go get

github. com/golang/protobuf/protoc-gen-go i %%,

SR PR iy 4 AR U B Go RS
$ protoc ——go out=. hello. proto

Hih go oout B Fprotock ¥ s MR M protoc-gen-go T B, SRJEiE % T A4, A AR R 2410 B
o BT R A B AT (1 protobuf TR 1 K

X B AR T —Mhello.pb.gostff, HrrString45 kN 2500 TR

type String struct {
Value string protobuf:”bytes, 1, opt, name=value” json:”value, omitempty”

}

func (m *String) Reset() { *m = String{} }
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func (m *String) String() string { return proto.CompactTextString(m) }
func (*String) ProtoMessage () {}
func (*String) Descriptor() ([]byte, []int) {
return fileDescriptor hello 069698f99dd8f029, []int {0}
}

func (m *String) GetValue() string {
if m != nil {
return m. Value

}

return 7’

RS IR S E DL XXX ONRFEITRMER, RATC AR X 5. R String 8 ALE | 2 Ak T 4
751k, HProtoMessage 7 ik #RIX & — AN SEIL T proto.Message: 17715, tsProtobufid N EEAS it AE i T —1~Get
T, Get AL A DAL B2 4541257, iy HL ] DAAIProtobufs — A E SRR — 80 G55 R 8 R4S PEAR X 2
HHD o

BT HStringZR A, AT LLE B LB HelloService 55 :

type HelloService struct{}
func (p *HelloService) Hello(request *String, reply *String) error {

reply. Value = “hello:” + request. GetValue ()
return nil

FerhHelloJr v 1 N\ 80 H 1 28038 iUt Protobuf g UIIString ARk . O I N S HCR 85 MR EY, DI BUH 1R
EFRBUENANSHG B0 B P AR (R It 7 AT TR B

2, FAWIE I T ProtobufFIRPCALE TAF. 7E/GZHRPCHRSSIS, FA KSR AT LI EEER A K gob T Tk Ejsondifl,
Z A DAHLH AL T protobuf it sSe il — Mtk . B 1 IX AL TAE, (RN IREHE B4l !

[l BER — B rh B e A RPCHE LU/ O SIS RATIAE DY TR 0 R 254 RPCHI A HE N 22 A= R PRI . R 2645 2R B 22 410
RPCEE 1 ACRDAS B AR 3 B ) T T4k, RN Al 2 AR R 4GS HUE H T Goili S 358 1 BRARE ] 1 Protobufie LY
A2, W ARPCHSS 1% M2 5 ) LU Protobufie (e ? sk Protobufie S &5 LR MRPCH S 2 A A4 2 e K
L (R AE !

N #ihello.protox 4, iEidProtobufkie X HelloService/lk % :

service HelloService {
rpc Hello (String) returns (String);

}

B AL B GORAS I R AEA k. X i 5 ERIRPCSZELE T 7k, protocm s i A nid i% infi yHelloService
45 AR .

AidfEprotoc-gen-go WL A ER T — A4 FHN  grpe  BIHEME, W RLERXFQRPCA: A

§ protoc ——go out=plugins=grpc:. hello. proto

FEA ARG £ T — 26244l HelloServiceServer, HelloServiceClient/J#i 25, X s68 2 JygRPCIRSS 1, HEARKF &3
1IEMRPCE R,

AIEGRPCIFF N BATHAE 1 Bt i 8%, N I A TRHRZR A A FRA T RPCA B 2 4 1A KHY
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4.2.2 EfAIBA RIES

Protobufftjprotoc ¥ & & il i i WL LB AN FIE 5 528, Hlnprotocr 2 tHEl ——xxx out  #NWSH, M4

protoct B e T2 1578 P B Ioodfifh, IS N B Xl AF A8 4 8 4k S8 70 24 5T R 48P L 5 77 (E protoc-gen-xXxx fir 4
PR AT R, BB It A0k B A4 RS . X+ Goili 5 i protoc-gen-godfifh ki, B sl 7 — ZH St R4
ttnprotoc-gen-go & T —ANgRPCHRfF, FF LU —go out=plugins=grpc  ZHORA MgRPCHIZARHD, 7 NH
2kt messageds A S .

W

ZgRPCHFMERIMRED, F LA Blgenerator.RegisterPlugin g n] UL REMHAEE. 1 &—1-generator.Plugini%I:

/ A Plugin provides functionality to add to the output during
// Go code generation, such as to produce RPC stubs.
type Plugin interface {
/' Name identifies the plugin.
Name () string

// Init is called once after data structures are built but before

'/ code generation begins.
Init (g *Generator)

// Generate produces the code generated by the plugin for this file,

except for the imports, by calling the generator’s methods P, In,
// and Qut.
Generate (file *FileDescriptor)

// Generatelmports produces the import declarations for this file.

/It is called after Generate.

Generatelmports (file *FileDescriptor)

HrhName 5 JHR FHEF1) 4 5, X & Go il 5 [fIProtobufSt LK A4 &, Rlprotoctfifh 4 FIF LR R AR5 Initsk Ui
g ZHCHE AT VIR, gZ R ES Proto XN (5 2. . iR I GeneratefliGeneratelmports ik F 4 i E 44AR
Fidh SE R (5 N ELAR A

L FRATAT L T — S netrpePluginddift:, I+ ks B RPCHESR A e f QT «

import (
”github. com/golang/protobuf/protoc-gen—go/generator”

type netrpcPlugin struct{ *generator.Generator }

func (p *netrpcPlugin) Name() string { return “netrpc” }
func (p *netrpcPlugin) Init(g *generator.Generator) { p.Generator = g }

func (p *netrpcPlugin) Generatelmports(file *generator.FileDescriptor) {
if len(file.Service) > 0 {
p. genImportCode (file)

func (p *netrpcPlugin) Generate(file *generator.FileDescriptor) {
for , svc := range file.Service {
p. genServiceCode (svc)

HeName i kiR A4 7. netrpcPlugind@ifF N E T —ANE4 ) *generator. Generator &k, SRIGAEINItVILGHIL
HB G S B i A T WAL, RGN g S o Rk T AR AF 77 HhGeneratelmportsyr ki H E & LH)
genimportCode s 3L % F RS . Generate s H & X KIgenServiceCode /7= s Mk 45 A .
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HA#l, HE X genimportCodefligenServiceCode sz R it — 47 i B fry R«

func (p *netrpcPlugin) genlmportCode (file *generator.FileDescriptor) {
p.P(”// TODO: import code”)

func (p *netrpcPlugin) genServiceCode (sve *descriptor. ServiceDescriptorProto) {
p.P(”// TODO: service code, Name = ” + svc.GetName())

A %47 7 B G generator.RegisterPlugin B MHEF, 7T LLAEiniteR $rh 52 ik

func init() {
generator. RegisterPlugin (new(netrpcPlugin))

FNGOIE E B HEERS TN, AL Ek N D& 23 protoc-gen-gods NI ATH 9a 5 I3 1F . B4 1K 387 se B protoc-gen-
goXt M ffimain g % :

package main

import (
”io/ioutil”
—

oS

”github. com/golang/protobuf/proto”
”github. com/golang/protobuf/protoc—gen—go/generator”

func main() {

g := generator. New()

data, err := ioutil.ReadAll (os.Stdin)
if err != nil {

g. Error (err, “reading input”)

}

if err := proto.Unmarshal (data, g.Request); err != nil {
g. Error (err, “parsing input proto”)

}

if len(g. Request. FileToGenerate) == 0 {
g.Fail ("no files to generate”)

g. CommandLineParameters (g. Request. GetParameter () )

// Create a wrapped version of the Descriptors and EnumDescriptors that

// point to the file that defines them
g. WrapTypes ()

g. SetPackageNames ()
g. BuildTypeNameMap ()

g. GenerateAllFiles ()
// Send back the results.

data, err = proto.Marshal (g. Response)
if err != nil {
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g. Error (err, “failed to marshal output proto”)
}
~, err = os.Stdout. Write (data)
if err != nil {

g. Error (err, “failed to write output proto”)

}

T Gk protoc-gen-goff s B, FAT PR AT AT HUAT FR Y 44 yprotoc-gen-go-netrpe, Fon LS T nerpcidif
AR5 F DL R i 4 E i gm Pthello.proto s £ :

$ protoc ——go—netrpc_out=plugins=netrpc:. hello. proto

Hr —gonetrpc out S HprotocdwiFEAs MEk 4 Hyprotoc-gen-go-netrpcidfl, fEfFH
1) plugins=netrpc  #H75 /5 H N EBIE—4 JynetrpciinetrpcPluginddift. 7684 i ihello.pb.go CiFHf 4o & 1 i
VERARHS

2, T IEH K ProtobufUI AL B fF 24 TR L TAE 1.

4.2.3 HIIAERSSENRPCIHE

TERTTH A6 F IR S 2 & T e/ MufnetrpePluginddifl, I Hidid wl%protoc-gen-golf £ 27 64 T ¥ fiprotoc-gen-
go-netrpcIEFFEF . IU/ETF IR 4k 4 58 EnetrpePlugind@ifh, 4 HAR LB RPC 2441,

B HE X genimportCode Jy ik AL 3 N B ACHY :

func (p *netrpcPlugin) genImportCode (file *generator.FileDescriptor) {
p. P( import “net/rpc”’)
}

NG EAE B E X fgenServiceCode s VA N AR IS5 A AR KR AARTS o S04 T LUR BILEEAN IR 55 B 2 22 2 I 55 i 44 o, IR0
TS H Ik, TS E LTk, mEERRINENY T, EHRMASE G LS HREN 4 7.

R FRATE X T —ServiceSpec A, ATRRIRSHICER.:

type ServiceSpec struct {
ServiceName string
MethodList []ServiceMethodSpec
}

type ServiceMethodSpec struct {
MethodName string
InputTypeName string
OutputTypeName string

SR G BATE i — A buildServiceSpec 77 i K AT &~ 55 (FServiceSpecitfa B

func (p *netrpcPlugin) buildServiceSpec (
sve *kdescriptor. ServiceDescriptorProto
) *ServiceSpec {
spec := &ServiceSpec {
ServiceName: generator. CamelCase (svc. GetName()),

}

for , m := range svc.Method {
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spec. MethodList = append (spec. MethodList, ServiceMethodSpec {
MethodName : generator. CamelCase (m. GetName ()),
InputTypeName: p. TypeName (p. ObjectNamed (m. GetInputType())),
OutputTypeName: p. TypeName (p. ObjectNamed (m. GetOutputType ())),
P

return spec

Hri NS 82 #*descriptor. ServiceDescriptorProto 2R, REHIR T —MRSHIAEE. REiE

it sve.GetName ) #t Al AKX Protobuf e LR % 44 % . ProtobufsC i )44 2 NGoiB 5 4 #)a, 28
it generator.CamelCase  BRECHAT —kEE4. RO, fEforfGHrffliEid  m GetName )  IRHUTEMA T, REH
HoNGOIE T XTI 4 F . FUESE AR NV S804 20T BT EIEE m GetInputType ) FREUAZSHL
MIZRAEL, SRJSIEE p.ObjectNamed — FREUZEALGSMIIZN G5 R, MGk R4S

SRJEFRATE AT LA TbuildServiceSpecy i (K Ik 55 (¥ 70 15 B AL s 55 AR

func (p *netrpcPlugin) genServiceCode (svc *descriptor. ServiceDescriptorProto) {
spec := p.buildServiceSpec (svc)

var buf bytes.Buffer

a

t := template.Must (template. New(””). Parse (tmplService))
err := t.Execute (&buf, spec)
if err != nil {

log. Fatal (err)

p. P(buf. String())

NTET ey, 12T Goili &5 FIBHOR A Bl 55108, I rhtmplService i i 55 HIBAR -

TR SRR 2 AT, BATE TR T AT A R ) e 2 AR AT AR

type HelloServiceInterface interface {
Hello(in String, out *String) error

func RegisterHelloService(srv *rpc.Server, x HelloService) error {
if err := srv.RegisterName (“HelloService”, x); err != nil {
return err
}

return nil

type HelloServiceClient struct {
*rpe. Client

var HelloServicelnterface = (kHelloServiceClient) (nil)

func DialHelloService (network, address string) (kHelloServiceClient, error) {
¢, err := rpc.Dial (network, address)
if err != nil {
return nil, err
}

return &HelloServiceClient{Client: ¢}, nil
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func (p *HelloServiceClient) Hello(in String, out *String) error {
return p. Client. Call ("HelloService.Hello”, in, out)

}

HhHelloService /& 4547, R IEH — RAIT M L4 T

S fr 2 A U AR R LU B AR -

const tmplService =

{{$root := .}}

{{. ServiceName}} Interface interface {

{{- range $ , $m := .MethodList}}

{{$m. MethodName}} G+ {{$m. InputTypeName}}, *{{$m. OutputTypeName}}) error
{{- end}}

type

}

func Register {{. ServiceName}} (
srv *rpc. Server, x {{.ServiceName}}Interface,
) error {
if err := srv.RegisterName (" {{. ServiceName}}”, x); err != nil {
return err

}

return nil

}

type {{.ServiceName}}Client struct {
*rpe. Client

}
var _ {{.ServiceName}}Interface = (k{{.ServiceName}}Client) (nil)

func Dial {{. ServiceName}} (network, address string) (
*{{. ServiceName}}Client, error,
) |
¢, err := rpc.Dial (network, address)
if err != nil {
return nil, err
}
return &{{. ServiceName}}Client{Client: c}, nil

}

{{range $§ , $m := .MethodList}}
func (p *{{$root.ServiceName}}Client) {{$m. MethodName}} (
in *{{$m. InputTypeName}}, out *{{$m. OutputTypeName}}
) error {
return p. Client. Call (“ {{$root. ServiceName}}. {{$m. MethodName}}”, in, out)
}
{{end}}

ZiProtobufffdi e i LIE5esE, fEXhello.proto s fF - RPCHSS AR M il L H S0 B ARAS o 3 mJ S I S8 3 i PO
B RSN A ARG A . FESER T g I ProtobufilifF R G, AR IR IX AR .
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e RPC

4.3 I#RPC

FEA R 1375 RPCH B AR K, RO IR AR DR E A 8 ARPCHEZE . AT BATTHE 251G o Py B RPCHESL /1 — L& FLAURY

BRIZsc 0 .
4.3.1 ZF5RPCH SR
GOiE = [MRPCE e fai B fdi A 7 =83k Client. Call  yEidtAT[EBFEEEVE A, 7 LSl .

func (client *Client) Call(
serviceMethod string, args interface({},
reply interface{},
) error {
call := <-client. Go(serviceMethod, args, reply, make(chan *Call, 1)).Done
return call. Error

W Client.Go  HE#HAT—RFHWA, RE—DFRXZFHN  Call k. R)E5%F  Call
HIDone s i iR [Al i FH 45 4

PAMBATLGEN  Client. Go  Jiiim B HATH I HelloService i % :

func doClientWork(client *rpc.Client) {
helloCall := client.Go("HelloService.Hello”, “hello”, new(string), nil)

/' do some thing

helloCall = <-helloCall. Done
if err := helloCall.Error; err != nil {
log. Fatal (err)

args := helloCall. Args. (string)
reply := helloCall.Reply. (string)
fmt. Println(args, reply)

=

1

3m
N
=

PATFEAM Client.Go  FiVESZIIIN T

func (client *Client) Go(
serviceMethod string, args interface{},
reply interface{},
done chan *Call,
) *Call {
call := new(Call)
call. ServiceMethod = serviceMethod
call. Args = args
call.Reply = reply
call.Done = make (chan *Call, 10) // buffered.
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client. send(call)
return call

Ee MG - NRA AR call s, RJFE client.send  ¥callf5e S HUk % FIRPCHE
s, client.send  FIEHARLRE 24N, Fiknl LA Z ~Goroutine Rk [ A —MRPCHEEH: &2 I 4

L e REE R AR, KR call. done  JiduERISE AL

func (call #Call) done() {
select {
case call.Done <- call:
// ok
default:
// We don’ t want to block here. It is the caller’s responsibility to make
// sure the channel has enough buffer space. See comment in Go().

M Call.done  JYERISZBIAILATEHT  call.Done  FiESWGALH G calliz =],
4.3.2 ZTFRPCELHWatchIjgg

TEIRZ RGh#R UL T Watch B M BERIH 11, 1 R G0 2 5P 2% PRI Watch 77558 [l i 4 i 45 o 7EIX BLERATT AT DL iaim it
RPCHEZESZH— LA Watch g, WRT iR, BA client.send  JRZRFRZ A, TATH AT LUE N 7EA[F K
GoroutineH [F]i 3 & BHZE I FHRPC 7. @ 7E— M7 [ Goroutine H i F Watch i £ 7 1 42 .

NTETR, AT RIEE RPCHYIE — AN i A AEKVEIR . o ORI

type KVStoreService struct {
m map[string]string
filter map[string]func(key string)
mu sync. Mutex

}

func NewKVStoreService() *KVStoreService {
return &KVStoreService {
m: make (map[string]string),
filter: make (map[string]func(key string)),

Heb o om AR Amap B, T AEKVEE . filter RGN RAEANWatch i I & it i 2% s 5o % .

M mu  OCAHEFES, AT ELANGoroutinei in) B i o et Bl bt FR AR
SRIG L GetFlSet 512

func (p *KVStoreService) Get(key string, value *string) error {
p. mu. Lock ()
defer p.mu. Unlock ()

if v, ok := p.ml[keyl; ok {

*value = v
return nil
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return fmt. Errorf (“not found”)

func (p *#KVStoreService) Set(kv [2]string, reply #struct{}) error {
p. mu. Lock ()
defer p.mu. Unlock ()

key, value := kv[0], kv[1]

if oldValue := p.m[key]; oldValue != value {
for , fn := range p.filter {
fn (key)

p.mlkey] = value
return nil

1ESets i, ASHutkey fivalueHR#, H—MEARNZEEMERRBEE Vit S48 DBSE A key X R £
VAR AN L R A

M 8 25 112 E Watch Jy 2 4 it

func (p *KVStoreService) Watch(timeoutSecond int, keyChanged *string) error {
id := fmt. Sprintf ("watch-%s-%03d”, time.Now(), rand.Int())
ch := make(chan string, 10) // buffered

p. mu. Lock ()
p. filter[id] = func(key string) { ch <- key }
p. mu. Unlock ()

select {

case <-time.After (time.Duration (timeoutSecond) * time.Second) :
return fmt. Errorf (“timeout”)

case key := <-ch:
*keyChanged = key
return nil

return nil

Watch 77 M A S BUS I IR L. 21T key 22l Kikey {1 iR [aIER 0] g L i (] JE AR B key # 1B 05, R (]
IR . Watchf s, A —iid&on - -Watchifi ], 2RI IRHsidRE B S i g B GE N 2] p. filter 41
E

KVStoreService/li 55 FENAUR A BRBATABHGE . FHIAEE Wil W& i il Watch 77 i

func doClientWork(client *rpc.Client) {
go func() {
var keyChanged string
err := client.Call ("KVStoreService. Watch”, 30, &keyChanged)
if err != nil {
log. Fatal (err)
}

fmt. Println ("watch:”, keyChanged)

A SR 3 R SCRS (www. topgoer.cn) i % - 218 -



Hi#ERPC

err := client.Call(
“KVStoreService. Set”, [2]string{”abc”, “abc-value”},
new(struct{}),

)

if err != nil {
log. Fatal (err)

}

time. Sleep (time. Second#3)

BB s — AT Goroutine Wi iz key 0281k . FIE Fwatchif &P %E, BRI G key KA b o & BIN . SRIG/EESet)y
TEBEKVAE IS, iR %5 s 222tk i key Bt Watch 77 iR (8] . SXREFRATTA AT DASEHILN S SR 25 (i W g

4.3.3 RHRPC

T IIRPCRFE T C/SHiM, RPCIIIRSS S L 2% (i35 45, RPCHIZ - di g N 2% 55 7 3o AR T —£dpikdg 57, bt
FEA T A IS —DMRPCHRSS, (B REAESN AT BRI B A X KR 55 % o IR AT T DA S5 25U A ARBL R, OB
W LB FERL RIS I TCP IR S5 45, AR5 2 T TCPEESL I A e i RPCIR 55 -

PR A 2l s RPCHR 55 (4R :

func main() {
rpc. Register (new(HelloService))

for {
conn, _ := net.Dial (“tcp”, “localhost:1234”)
if conn == nil {
time. Sleep (time. Second)
continue

}

rpe. ServeConn (conn)
conn. Close ()

S [E RPCH A W I35 AN 23 P L TCPUE T R 55, 1 it 1 e B BER BN T ITCPIR 55 &% o S5 2 T A 57 O TCPARESE 17 X
T RAERPCHR S »

MRPCH /7 iy W 75 ZAE — AN AICRI LSRGt —NTCPHR %, I T2 32 RPCHR 55 #5 A BE R K -

func main() {
listener, err := net.Listen("tcp”, 7:1234”)
if err != nil {
log. Fatal (“ListenTCP error:”, err)

}
clientChan := make(chan *rpc.Client)

go func() {
for {
conn, err := listener.Accept()
if err != nil {
log. Fatal (“"Accept error:”, err)

}

clientChan <- rpc.NewClient (conn)

A SR 3 R SCRS (www. topgoer.cn) i % - 219 -



Hi#ERPC

}
10)

doClientWork (clientChan)

MRS, HE T AR REREMGE RPCZ /it xt I Rk % Bl clientChan&iE .

7 AT RPC R A R4 AE £ do ClientWork e £ 58 Al :

func doClientWork(clientChan <-chan *rpc.Client) {
client := <-clientChan
defer client. Close()

var reply string
err = client.Call ("HelloService.Hello”, “hello”, &reply)
if err != nil {

log. Fatal (err)

fmt. Println(reply)

B NE L ARPCE w5, JF Hisid deferifi A6 L BUR AT XI5 7 i SRR 23T IEH IIRPCIR T
4 L] 3 L] 4 _h—Fif%‘lé\

ET R CIRATAT LU A F s e A IRPCHR ST o FATT AT LAE Sy A4 5 (1M ST AT RPCAR 952K S Bons b SRy
L BEEN

HokrugHelloService, BRI T X R  conn il it «

type HelloService struct f
conn net. Conn

}
SRJE AR RERE B S AT (I RPCR 55«

func main() {
listener, err := net.Listen(“tcp”, ”:1234”7)
if err != nil {

log. Fatal (“"ListenTCP error:”, err)

for {
conn, err := listener.Accept ()
if err != nil {
log. Fatal ("Accept error:”, err)

}
go func() {
defer conn. Close ()
p := rpc. NewServer ()
p. Register (&HelloService {conn: conn})
p. ServeConn (conn)
10
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HelloJy i bt i LA HE conn e 53 U3 AN [5) B 42 (1 RPC R A «

func (p *HelloService) Hello(request string, reply *string) error {
#reply = “hello:” + request + 7, from” + p. conn. RemoteAddr (). String()
return nil

BT ERSCER, JRATRT LT A RPCH 55 15 0 7 82 (1 2 b IR A R 5040«

type HelloService struct {
conn net. Conn
isLogin bool

func (p *HelloService) Login(request string, reply *string) error {
if request != “user:password” {
return fmt. Errorf (“auth failed”)
}
log. Println(“login ok”)
p. isLogin = true
return nil

func (p *HelloService) Hello(request string, reply *string) error {
if !p.isLogin {
return fmt. Errorf(“please login”)

}

#reply = “hello:” + request + 7, from” + p.conn. RemoteAddr (). String()
return nil

TRERT AR AR B P B EERPCHR AT I, B AT BB e, i Dl J5 4 BE IR R AT He e (R 55
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gRPCA ]

4.4 gRPCA ]

gRPCiEGoogle A a| ZE - ProtobufJF A 5 i & (TIRRPCHESE . gRPCIETHTTP/2 WX BEit, A LAZE T —NHTTP/2# 5 4
BEZARSS, X TRl AL . AN RIHEgRPCHIT HL R .

4.4.1 gRPCE AR

Goifi 7 IgRPCEAR M W 4-1 s :

[&4-1 gRPC# A1

HJEJZ ATCPEUNix Socketihill, fEtz EAREHTTP/2 ML, SRIGAEHTTP/2 Xz X HE 1 Xt Goik 5 IgRPCHZ L
o AR PP I gRPCHRAAE 7= 1 Stub AR ES AgRPCIZ L BT, AT LB B RIgRPCIZ L FE A

4.4.2 gRPCAJ]

w5 M Protobuffli ffifEH, gRPCHAIZ — At serviceds A AT I A et o FATTTEAR B (158 45 b LS8 7 — AN
9 Protobuf U L i fF, AN i A AU R S B bR kPR O RPCHEZE I . BUAETRATHS 22 5 gRPCHI I -

filgthello.prototff, & X HelloService#I:

syntax = “proto3”;
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package main;
message String {

string value = 1;

service HelloService f{
rpc Hello (String) returns (String);

fii Hprotoc-gen-go P & HgRPCHE {4 il gRPCAR i :
§ protoc ——go out=plugins=grpc:. hello. proto
gRPCH 22 R 55 vt A1 12 i A A [R] PR 42 1

type HelloServiceServer interface {
Hello(context. Context, *String) (¥String, error)

type HelloServiceClient interface {
Hello(context. Context, *String, ...grpc.CallOption) (kString, error)

gRPCitiFcontext.ContextZ 4, AR HARAE T BN SCSCHE. &P e I A 5 A8, mT DUd s vl i 1
grpc.CallOptionZ& & ) S EF2 A4 ) 1 A5 2

HF R4t HelloServiceServers: 1] LLE Fi s HelloService [ 45 :

type HelloServiceImpl struct{}

func (p *HelloServiceImpl) Hello(
ctx context. Context, args *String

) (xString, error) {
reply := &String{Value: “hello:” + args.GetValue()}
return reply, nil

gRPCHR 35 1) 5 BAUR AN B3 8 P2 T RPCAlR 5 1 Zhift FE 2 AL

func main() {
grpcServer := grpc. NewServer ()

RegisterHelloServiceServer (grpcServer, new(HelloServicelmpl))

lis, err := net.Listen("tcp”, ”7:1234")
if err != nil {

log. Fatal (err)
}

grpcServer. Serve (1is)

W grpe. NewServer ) #iE—AgRPCIRE A5, #8511t gRPCH{ A I RegisterHelloServiceServerif £
VEMERATSEBL M HelloServicelmpl k% . ZRJEiE  grpeServer. Serve (1is)  7E— AW 0 _F32{gRPCIR % -

PR BT LUE I 2 P i E R gRPCIRSS 1
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func main() {
conn, err := grpc.Dial (“localhost:1234”, grpc.WithInsecure())
if err != nil {
log. Fatal (err)
}

defer conn. Close ()

client := NewlelloServiceClient (conn)
reply, err := client.Hello(context.Background(), &String{Value: “hello”})
if err != nil {
log. Fatal (err)
}
fmt. Println (reply. GetValue())

Hrhgrpe.Dial# 37 MgRPCH S5 #7554, #RhJENewHelloServiceClientst 3k T+ 4 8 37 8k My ik HelloServiceClient st

%

%, iR clientszZ —/MHelloServiceClientd: It %, dlid 2 115 77wl ol LAV I IR 55 i 2 [ g RPC Al S5 4 L 1

gRPCRIBREZE FIRPCHEAA — X, gRPCAL SRIKHE LR AR b i o AN BATH] LL7E 2> Goroutine 2 i) % 4 3k 52

gRPCJX)ZIIHTTP/245 8, Ak n] LG £E 53 — M GoroutineBH 28 i F 19 75 UYL 2 P 1 HY -

4.4.3 gRPC#

RPCHE AL b O 1, R R A6 bR B ORI MBS RE R, 75 U™ EE S ) U RSS2 ) [ A% GE RIRPC Y
RS T AR R BB B SOFAE G . AR S RPCASE A AN IE H - X0 I AL AN i 11T B AL R A Ak ik, gRPC

HEZRAET 0T JI 55 s i A1 s 3 o) e A R P o

i 5% s B % o P B A WU R S AR, FRATT7EHelloService i in—AN L E i fIChannel J7v2::

service HelloService {
rpc Hello (String) returns (String);

rpc Channel (stream String) returns (stream String);

KAt streamdi € i FITRIE, ZHE D IR P ImZEUG, IR BHEAZIR [B125 % v .

FHTAE RS T A B O R i Channel U5 e X

type HelloServiceServer interface {
Hello(context. Context, *String) (¥String, error)
Channel (HelloService ChannelServer) error
1
type HelloServiceClient interface {
Hello(ctx context.Context, in *String, opts ...grpc.CallOption) (
*String, error,
)
Channel (ctx context.Context, opts ...grpc.CallOption) (

HelloService ChannelClient, error,

)

RS I Channel 53 802 — M ifiHelloService_ChannelServer$ A (2%, AT LU T2 2 s WS S %/ i i

Channel sk [il—/~HelloService_ChannelClientZ& & ({3 (A&, AT LI FIR 45 3t 047 X 34

HelloService_ChannelServerfiiHelloService_ChannelClient¥) A#: 1247

AR I RSO (www. topgoer.cn) 1 - 224 -



gRPCA[]

type HelloService ChannelServer interface {
Send (*String) error
Recv() (kString, error)
grpc. ServerStream

}

type HelloService ChannelClient interface {
Send (*String) error
Recv() (*String, error)
grpe. ClientStream

T LA B SS s A B ) s AU B 12852 ST Send ATRecv 7 i F I 000 9 XU R1 3 4%

BUAEFRATAT LLSE B 55 -

func (p *HelloServicelmpl) Channel (stream HelloService ChannelServer) error f{
for {
args, err := stream. Recv()
if err != nil {
if err == io.EOF {
return nil
}
return err

}
reply := &String{Value: “hello:” + args.GetValue()}

err = stream. Send (reply)
if err !'= nil {
return err

}

Bl 55 AL ARG P i AOR IR B, Wi SR8 Blio. EOFFRIR e M i e G P, 0 2 bR KR H R IR 35 it oG P A2 Bl [ Y
B IR AL % 3, SURNREERE RIS B S 56 ML AT . TR BRI, SROEA R BRI A 2 —— X
B2, JH AT LA B S St AT H SRS .

P S RS B F Channe | 77 1 3R B [8] 1 7 0 52 -

stream, err := client.Channel (context.Background())
if err != nil {
log. Fatal (err)

}
FE% S BT T ROE R GRVE RISk 57 (I Goroutine. 5 58 [ IR 55 3 A i s -

go func() {
for {
if err := stream. Send(&String{Value: “hi”}); err != nil {
log. Fatal (err)
}

time. Sleep (time. Second)
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IRJFEAEFR A SR 55 B 322 ] R0 -

for {

reply, err := stream. Recv()
if err != nil {

if err == io.EOF {

break

}

log. Fatal (err)
}
fmt. Println (reply. GetValue())

SR ALSEIR T SRR BRI AR
4.4.4 RAFTFER

LERT—5 e, FATEET Go N B MRPCHA S T — A HLhR I\ Watch )y i, JT-Watchify [ % SR ] DU G R A AT 1 R 4
RPN RPCHR Z AL 5 B A BRR [Al— 45 R ERATRITT A, i 2 S 3l AR K R AT AT Bl — A5 388 R 5
A, T T IR WSS RPC P i B ) it vh BB icas o BRAEFRATT AT A% R FE T gRPCI R AL 8 — AN A AT ) 3R
i,

FARAT B — A H WA B, P X h DA IR 2 2B Sl o dockermiH i fit 7" — 1 pubsub ik sk
B, N2 T pubsub S AT A A AT T BARED :

import (
”github. com/moby/moby/pkg/pubsub”
)

func main() {
p := pubsub. NewPublisher (100%time. Millisecond, 10)

golang := p.SubscribeTopic (func (v interface{}) bool {
if key, ok := v. (string); ok {
if strings. HasPrefix (key, “golang:”) {
return true
}
}
return false
b
docker := p.SubscribeTopic (func (v interface{}) bool {
if key, ok := v. (string); ok {
if strings.HasPrefix(key, “docker:”) {
return true
}
}
return false

b

go p. Publish(“hi”)

go p.Publish(“golang: https://golang. org”)

go p.Publish(“docker: https://www. docker. com/”)
time. Sleep (1)

go func() {

fmt. Println (“golang topic:”, <-golang)
JX0)
go func() {

fmt. Println (“docker topic:”, <-docker)
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0]

<{-make (chan bool)

e pubsub. NewPublisher  #i&E—ANKAX S, p. SubscribeTopic () AJ DAIE T b Hi i %8 S I 32 A T 9T 1

IAE AL T gRPCHIpubsub i, $R4E—ANES 28 1 R AT RIT Bl R St. 1 5Ci@id Protobufie SL—AN AT B IR &5 #4611«

service PubsubService {
rpc Publish (String) returns (String) ;
rpc Subscribe (String) returns (stream String);

HrhPublishi2E@IIRPCTri%, Subscribell— N (TR S . 2R J5 gRPCHE 2 i 55 i A1 8 7= dii A B 82 F) 2 1«

type PubsubServiceServer interface {
Publish(context. Context, *String) (*String, error)
Subscribe (*String, PubsubService SubscribeServer) error
1
type PubsubServiceClient interface {
Publish (context. Context, *String, ...grpc.CallOption) (*¥String, error)
Subscribe (context. Context, *String, ...grpc.CallOption) (
PubsubService SubscribeClient, error,

type PubsubService SubscribeServer interface {
Send (*String) error
grpc. ServerStream

K ySubscribe s 555 0 S, - R A & HelloService_SubscribeServerds [ A5 Send /7%

IRJE AT BLSEBUA A AT B A 55 1

type PubsubService struct {
pub *pubsub. Publisher

func NewPubsubService() #*PubsubService {
return &PubsubService {
pub: pubsub. NewPublisher (100%time.Millisecond, 10),

IR A& SR AT T EEANAT B 59

func (p *PubsubService) Publish(
ctx context. Context, arg *String
) (%String, error) {
p. pub. Publish (arg. GetValue())
return &String{}, nil

func (p *PubsubService) Subscribe(
arg *String, stream PubsubService SubscribeServer,
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) error {
ch := p. pub. SubscribeTopic (func (v interface{}) bool {
if key, ok := v. (string); ok {
if strings. HasPrefix (key, arg. GetValue()) {
return true

}

return false

b

for v := range ch {
if err := stream. Send(&String{Value: v. (string)}); err != nil {
return err

return nil

TXRERURT LU 7 i 1A Bl 552 S A5 B T

func main() {
conn, err := grpc.Dial (“localhost:1234”, grpc.WithInsecure())
if err != nil {
log. Fatal (err)
}

defer conn. Close ()
client := NewPubsubServiceClient (conn)

~, err = client.Publish(

context. Background (), &String{Value: “golang: hello Go”},
)
if err != nil {

log. Fatal (err)

}
, err = client.Publish(
context. Background (), &String{Value: “docker: hello Docker”},
)
if err != nil {
log. Fatal (err)
}

SRJE AT DAAE 5 — AR P m AT T TS B T

func main() {
conn, err := grpc.Dial (“localhost:1234”, grpc.WithInsecure())
if err != nil {
log. Fatal (err)
}

defer conn. Close ()

client := NewPubsubServiceClient (conn)
stream, err := client.Subscribe(
context. Background (), &String{Value: “golang:”},
)
if err != nil {

log. Fatal (err)
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}
for {
reply, err := stream. Recv()
if err != nil {
if err == io.EOF {
break
}
log. Fatal (err)
}
fmt. Println (reply. GetValue())
}

FHFA TR I T gRPCHT LI T —ANES IR 48 10 R AT AT Bl IR 55«
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4.5 gRPCHERY

{EN—ANFERBIRPCHESS, 2 AR /2R BRI M . A 0K 17 B0 A 2R X gRPCHEAT 2 A-MIE . 2R A+ 4 i8I gRPCIH
AR, DL dn i e A I A O b S TokenDGIE 18 A BREE LA K Panicalfi 35 . fe)a /48 T gRPCHR 25 i Fi LAl
Web % 3447

4.5.1 iEFIAIE

gRPCENAEHTTP/2 iz b, X TLSHAL VARG Y 3CHF . AT 245 gRPCHIIR 55 # B SRAGIE T Sk, Rk 1w /e
R HIEE  grpe. WithInsecure O #EIBk 1 oxh AR 55 #HIEF R IIE. ¥ 8 HIEF fIgRPCAR 55 fE A1 % 7 il AT ) 2
WIS, A5 SRR S =07 T AR . O 1 BREEQRPCIEAS AN =7 MW S ol i, JRATnT BUOGh AR %5 4% H A TLS I
R

A DA RAR i 4 R g5 @ A ) s 7 ol AR BRABH ATIE 15 <

§ openssl genrsa —out server.key 2048

$ openssl req —new —x509 —days 3650 \
—-subj ”/C=GB/L=China/0O=grpc—server/CN=server. grpc. io” \
—key server. key —out server.crt

§ openssl genrsa —out client. key 2048

$ openssl req —new —x509 —days 3650 \
—-subj ”/C=GB/L=China/O=grpc—client/CN=client. grpc. i0o” \
—key client. key —out client.crt

VL Efr4F 2 liserver.key. server.crt. client.keyficlient.crtPUAcff. Hbl.key NG 4 RIS, T B 84
o LLertyJE A R UET SO, AT DL SRR A SO, AT AL (RAF . TEsubjSHh
ff]  /CN=server. grpc.io  FmMRGEMIL TN server.grpe.io , (EIGFARSS 88 E oI 75 B H 2% 5 B

A TUER G, BAT R AR shgRPCH S5 I A2 NAIE 151244 -

func main() {
creds, err := credentials. NewServerTLSFromFile (“server.crt”, “server.key”)
if err != nil {
log. Fatal (err)
}

server := grpc. NewServer (grpc. Creds (creds))

Hrhcredentials.NewServerTLSFromFile s #& MU IR &5 2 A& E 5 &, S8 5 idid grpe. Creds(creds) s ek ik 56
BONIETUEE NS H UL N grpc.NewServer & £ .

T2 P S R 55 48 BRIE T3 AR 55 46 44 5 3t T UK R 55 4 30E AT 98 -

func main() {
creds, err := credentials.NewClientTLSFromFile (
“server. crt”, “server. grpc. io”,

)
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if err != nil {
log. Fatal (err)
}

conn, err := grpc.Dial (“localhost:5000”,
grpc. WithTransportCredentials (creds),
)
if err != nil {
log. Fatal (err)
}

defer conn. Close ()

JHhredentials.NewClientTLSFromFile & #it 2 1 i I FRE X 5, 28— NS EURIRSS S RE B0, S AN EURZRIIE
P RS s 4. SRE BT grpe. WithTransportCredentials(creds) ik Fix % 4% 5 $k 5its Agrpc.Dial %

PR3, 77 BEPR AR A 55 2 (R AS 75 A0 % 7 i, IR AR )™ i £ B 55 4 I A REHEAT 3OS e 55 #RAE A5 NI s 1R R IX M 2%
I, RS AT IR A B e — DN ARR G I Ao RAE R RIS IRT AR 55 S ULl M T sl 4 A 20 i 55 2 DA
E AN R FE

N T IEGAE B ) it RE b gl B0k, AT DUE I, — A 22 A m] S (O ARAIE 5 20 A0S Wi 55 4 R ) i (KE S BEAT 25 40 o IR 7 i sl
S5 AR 75 PRIE T3 J AT LA S AR I 33247 B8 U IE 5 (A 21

HRAE 3 B2 e T 30R A 28 44T ) 2B BT 3SR

$ openssl genrsa —out ca. key 2048

§ openssl req —new —x509 —days 3650 \
—-subj ”/C=GB/L=China/0=gobook/CN=github. com” \
—key ca.key —out ca.crt

IR & FHO R 55 A ImE AT 2 4

§ openssl req —new \
—-subj ”/C=GB/L=China/O=server/CN=server. io” \
—key server. key \
—out server.csr
$ openssl x509 -req —sha256 \
—CA ca.crt —CAkey ca.key —CAcreateserial —days 3650 \
—-in server.csr \
—out server.crt

EARERE BN T SR LL csPAJE A B, ERORIERE AR IR A S 5T BUIER .csract.

SRIGAERS 7 S ] LAKE T CAUETI 0 IR 5% & HEAT UE T3 00 01T«

func main() {
certificate, err := tls.LoadX509KeyPair (“client.crt”, “client.key”)
if err != nil {
log. Fatal (err)
}

certPool := x509. NewCertPool ()
ca, err := ioutil.ReadFile(“ca.crt”)
if err != nil {
log. Fatal (err)
}
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if ok := certPool. AppendCertsFromPEM(ca); 'ok {
log. Fatal (“failed to append ca certs”)

creds := credentials. NewTLS (&tls. Config{
Certificates: [1tls.Certificate{certificate},
ServerName : tlsServerName, // NOTE: this is required!
RootCAs: certPool,

b

conn, err := grpc.Dial(
“localhost:5000”, grpc.WithTransportCredentials (creds),
)
if err != nil {
log. Fatal (err)
}

defer conn. Close ()

TEHTE R P oA e, JRATAN B BRI 25 4% it T3 30 fF . 7Ecredentials.NewTLSeq#0f Ik, &) il 5] A — A CAMR
TEFIRII S5 35 (4 48 7 AU IR 55 e EAT IR AIE o 2 ) B (1 R IR 55 A I 2 ¥ S 19 SR I 85 3 (KR TS, R A4 CARGAIE T X i B
IR 55 4 B E P BEAT IR -

DR 7 B AOTE TR ] CARRAIE 528 42 B, IR 5% # it 1 DA 2 s AT AIE B GE . AT CANIE xS 25 ) Sl E 328 44«

$ openssl req —new \
—-subj ”/C=GB/L=China/0O=client/CN=client.io” \
~key client. key \
—out client. csr
$ openssl x509 -req —sha256 \
—CA ca.crt —CAkey ca.key —CAcreateserial —days 3650 \
—-in client.csr \
—out client.crt

KRS T CANGIEFZE 4, 5 A IR 55 N R R 2 EARAE 15

func main() {
certificate, err := tls.LoadX509KeyPair (“server.crt”, “server.key”)
if err != nil {
log. Fatal (err)

certPool := x509. NewCertPool ()

ca, err := ioutil.ReadFile(“ca.crt”)

if err != nil {
log. Fatal (err)

}

if ok := certPool. AppendCertsFromPEM(ca); 'ok {
log. Fatal (“failed to append certs”)

creds := credentials. NewTLS (&tls. Config{
Certificates: [Itls.Certificate{certificate},
ClientAuth: tls. RequireAndVerifyClientCert, // NOTE: this is optional!
ClientCAs: certPool,

b
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server := grpc. NewServer (grpc. Creds (creds))
}

4% 2% i A RE 2T credentials. New TLS g8 £ 42 AiE+, i85 ClientCAsiE £ CANGIES, il id ClientAuthi& T 5 % 25 F it
HEAT IR o

BEIRATI LI 1 — DRSS A R AT XA IE S 36 E A A W SE I gRPC & 4t

4.5.2 Tokeni\iE

T PR (13 TIEB IR £ X AN gRPCEEE M AIE. gRPCIE A MNgRPCH A FHFAE T UESCRE, X BEalR: T H
Token e AN[E] 75 VU Tr) BEAT AR 2L .

SRR ANgRPCITVEHEATIMIE, 75 2 s2#lgrpe.PerRPCCredentialsi

type PerRPCCredentials interface {

// GetRequestMetadata gets the current request metadata, refreshing
tokens if required. This should be called by the transport layer on
each request, and the data should be populated in headers or other
context. If a status code is returned, it will be used as the status
for the RPC. uri is the URI of the entry point for the request.

When supported by the underlying implementation, ctx can be used for
timeout and cancellation.
T0DO (zhaoq) : Define the set of the qualified keys instead of leaving

// It as an arbitrary string.
GetRequestMetadata (ctx context.Context, uri ...string) (
map[string] string, error,

// RequireTransportSecurity indicates whether the credentials requires

// transport security.

RequireTransportSecurity () bool

1£GetRequestMetadata /724 i& FIAIE 75 Z (1) 4 B B . RequireTransportSecurity /7 2:38 75 e 15 B R i 218 40 42 5k
o 1EECSEMIAET R A SOUZNE SR )2 8 FH e AR RE, 5 MIDAIE(S 54 i 28 AN B ) XU

FRATAT LG22 —~AuthenticationZS 8, H TS 7 44 R 4 B AAEE -
type Authentication struct {

User string
Password string

}
func (a *Authentication) GetRequestMetadata(context.Context, ...string) (
map[string]string, error,
)
return map[string]lstring{“user”:a.User, “password”: a.Password}, nil
}

func (a *Authentication) RequireTransportSecurity() bool {
return false

7EGetRequestMetadataryikH, A1z I UGS B A2k loginflipassword B /ME . A T RIS L,
RequireTransportSecurity 7773/~ AR Z (8 FH 22 A B

IRJGERF IR R gRPCAR 55 I i T LUKs Token s B AT A S Bk 1ife A -
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func main() {
auth := Authentication {
Login: ”gopher”,
Password: “password”,

conn, err := grpc.Dial (“localhost”+port, grpc.WithInsecure(), grpc.WithPerRPCCredentials (&auth))
if err != nil {

log. Fatal (err)
}

defer conn. Close ()

iEitgrpc.WithPerRPCCredentials % Authenticationtf %44 ygrpc.Dial 240, R BEATJd 2 A, TELA
grpc.WithInsecure()# R 2B IEFAiIE .

SR G ERPCH S b i A 75725 i id Authentication 28 i Auth 75 V2 EAT S A IE :

type grpcServer struct { auth *Authentication }

func (p *grpcServer) SomeMethod (
ctx context.Context, in *HelloRequest,
) (¥HelloReply, error) {
if err := p.auth. Auth(ctx); err != nil {
return nil, err

}
return &HelloReply {Message: “Hello ” + in.Name}, nil
}
func (a *Authentication) Auth(ctx context.Context) error f{
md, ok := metadata.FromIncomingContext (ctx)
if lok {

return fmt. Errorf(“missing credentials”)
var appid string
var appkey string

if val, ok := md[”login”]; ok { appid = vall0] }
if val, ok := md[”password”]; ok { appkey = vall[0] }

if appid != a.Login || appkey != a.Password {
return grpc. Errorf (codes. Unauthenticated, “invalid token”)

return nil

PN IR T/E 3 27 Authentication. Auth ik H 5E . 1 J6ilid metadata.FromIincomingContextctx I F st H 3R EUG
R, AR AE R IS BT UGIE. R VGIERI, R [ —4~codes.Unauthenticated 28 R H 1% .

4.5.3 B

gRPCHiffjgrpc.Unarylnterceptorfiigrpc.Streaminterceptord jil i 43 ik A 7 ik e it 7w Bas i S e JRAT1IX B i o
I EH S T R LA FE
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B SE T R A B R, T E o Ngrpe.Unaryinterceptorf) 2 H Bl — AN ek %

func filter(ctx context.Context,
req interface{}, info *grpc.UnaryServerInfo,
handler grpc. UnaryHandler,
) (resp interface{}, err error) f{
log. Println(“fileter:”, info)
return handler (ctx, req)

BRI ctx Rllreq Z AR BB IRPCH AT AN S8, 28 = ANinfoZ B8R i & X R AN gRPC I %, 25 U4
handlerZ#ou B 4T FIgRPC ik 4. FT k&1 H & infoz 4, )5 A handlerxy RiffIgRPCIT % M4 .

TUEAfilterdi At %, R R AL IgRPCAR ST 1E Ny S £ N BRI AT «
server := grpc. NewServer (grpc. UnaryInterceptor (filter))

NGRS S AEN RIS gRPCIVE I 2 1, i sttt — 17 HS, AR5 B XI5 77 7

D R AR RS PR BOR ] 18R, IR A% IRGRPCIT R R LA RIS AL FE o PRI, FRATTTT DAAEARORS hoxt B\ S B fi— L5 4
RSRE T [FIRE, tar Bixthandleri Ml 45 A —Se90iE TAF . MO B 451G A AT T TokenAdiE T Af:

ISR I T 6 gRPCIy i 5 5 Rl 3K

func filter(
ctx context.Context, req interface{},
info *grpc. UnaryServerInfo,
handler grpc. UnaryHandler,
) (resp interface{}, err error) {
log. Println(“fileter:”, info)

defer func() {
if r := recover(); r != nil {
err = fmt. Errorf (“panic: %v”, r)
}
1O

return handler (ctx, req)

AN gRPCHEZE H I BE AN M55 1 B — AR, DR B AR R RETE — AN R b 5E . JFHIR I grpc-ecosystemIii H
i) go-grpc-middleware i 2 3 - gRPCX Rk B 2 523 1 4 U I 2% 0 30 855 o

PL R fEgo-grpe-middlewarefs A 2k B s 0 fay 5 9%

import ”github. com/grpc—ecosystem/go-grpc—middleware”

myServer := grpc. NewServer (
grpc. UnaryInterceptor (grpc middleware. ChainUnaryServer (
filterl, filter2, ...
)),
grpc. StreamInterceptor (grpc_middleware. ChainStreamServer (
filterl, filter2, ...
)),

LRI [F] 2 7] LB # go-grpc-middleware LAY .
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4.5.4 fiWebJR%ILHE

gRPCIJHAEHTTP/2¥M 2 1, PRIEFRAT AT LK gRPCIR 55 A8 (1 We b i 55 LB /] — i 1 2

XA A BITLS WS R 55 W 55 ZE X HTT P2/ 2 R e =4 ) 14 2 -

func main() {
mux := http. NewServeMux ()

h2Handler := h2c.NewHandler (mux, &http2.Server{})
server = &http. Server {Addr: ”:3999”, Handler: h2Handler}
server. ListenAndServe ()

Jot F G (T https IR 55 4 DU A 17 5.«

func main() {
mux := http. NewServeMux ()
mux. HandleFunc (“/”, func(w http. ResponseWriter, req *http. Request) {
fmt. Fprintln(w, “hello”)
D)

http. ListenAndServeTLS (port, “server.crt”, “server.key”
http. HandlerFunc (func (w http. ResponseWriter, r *http.Request) {
mux. ServeHTTP (w, r)
return

b,

T A FH H TR A3 I gRPCHR 55t 2[RI 11 ] 2.

func main() {
creds, err := credentials. NewServerTLSFromFile (“server.crt”, ”server.key”)
if err != nil {

log. Fatal (err)

grpcServer := grpc. NewServer (grpe. Creds (creds))

I AgRPCHR S C 253 7 ServeHTTP 2, f LAEHEAE yWebs AL BN G ALK gRPCHIWeb iR 5 IE —ile, 2333
gRPCHIWebEE AR, FEALBRIR FAT T 2 X 7 P2 R 55 -

FATAr LI LR J7 30 BRI S We b FIgRPC B i Hi Ak B bR 4 -

func main() {

http. ListenAndServeTLS (port, “server.crt”, ”“server.key”,
http. HandlerFunc (func (w http. ResponseWriter, r *http.Request) {
if r.ProtoMajor != 2 {
mux. ServeHTTP (w, )
return
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}
if strings. Contains (
r. Header. Get (“Content-Type”), “application/grpc”,

)
grpcServer. ServeHTTP (w, r) // gRPC Server
return

}

mux. ServeHTTP (w, r)
return

HEYegRPCR AN AEHTTP/2 A 2 b, GIREHTTPASZEHTTP/2 MU AR T 1L b gRPC Y . [AIINF, &FANgRPCHE A i 3K 1)
Content-Types 24 briE N " application/grpc” 252,

TXFEBAT T LAAEGRP o I _E [N St Web i 55 1

ARG I RSO (www. topgoer.cn) - 237 -



gRPCHIProtobufy f&

gRPCHiIProtobufy J&

4.6 gRPCHIProtobufy &
H AT X 222 FlZEProtobuf fIgRPCH K H AR Z 4T e, TERL T PERINARAS o AT FRAT TR 147 B 4R 56 UE 23 RIRESTHE L1 2 .
4.6.1 HiFsE

FIHAT AL, FRATHEAm R 4236 48 5 = W Protobufitivk. 5 i Protobuf A AN ERIMERAE, T LA 573 Hi sl E 2R3 1 i 5%
5 LERMEL -

FRATR 2 Mt Protobufif i G g e

syntax = “proto2”;
package main;
message Message {

optional string name = 1 [default = “gopher”];
optional int32 age = 2 [default = 10];

N E BRI EIEVE S8 i Protobuf iy e i IR VESK L. 7258 =¥ Protobufrn AN S RFBRIME R Pk, (ELRRFRATT AT DL i
SR IE RN VR NN K E

N2 F proto3iByk Y AR E B S Lid R proto s ff:

syntax = “proto3”;
package main;
import ”“google/protobuf/descriptor. proto”;

extend google. protobuf. FieldOptions {
string default string = 50000;
int32 default int = 50001;

1

message Message {
string name = 1 [(default string) = “gopher”];
int32 age = 2[(default int) = 10];

ForP R DS T 5 455 ARt 2 4 i, EHTE RGO Y, BN S RIEDUHIC M oE B

var E DefaultString = &proto. ExtensionDesc {
ExtendedType: (*descriptor.FieldOptions) (nil),
ExtensionType: (¥string) (nil),

Field: 50000,

Name: “main. default string”,

Tag: “bytes, 50000, opt, name=default string, json=defaultString”,
Filename: “helloworld. proto”,
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var E DefaultInt = &proto. ExtensionDesc {
ExtendedType: (*descriptor.FieldOptions) (nil),
ExtensionType: (*int32) (nil),

Field: 50001,

Name : “main. default int”

Tag: “varint, 50001, opt, name=default int, json=defaultInt”,
Filename: “helloworld. proto”,

FRATAT ATEIZ AT I 3 AU S (KRR T HE Message N B 03 € LI e 10, 285 BRI e (AR OGIBRIRA5 2 b A Bt 3

AT SCHIER AR

EHJEAEIX A, github.com/mwitkow/go-proto-validators .45+ Protobufifid fE Rtk S il 1 DhBER N I K [ 58 1IF 2 T

it ZLAHIZIGTE S 1T S 5 2T BRHAR AL A AL i -

§ go get github. com/mwitkow/go—proto-validators/protoc—gen—govalidators

HRJ5 3T go-proto-validatorsi il & HI R A Message ik 51 38 I 5e e H i «

syntax = “proto3”;
package main;
import ”github. com/mwitkow/go—proto-validators/validator. proto”;

message Message {
string important string = 1 [
(validator. field) = {regex: ” [a-z]{2,5}$"}
1
int32 age = 2 [
(validator. field) = {int gt: 0, int lt: 100}
1

EF R R R, validator.field &R & & validatorfl i X4 Mfieldy Eik . validator.field 2% &

FieldValidatorgs#ifk, 785 A\ffivalidator.proto s L.

BT O 36E M #5 Hy validator. proto sc 4 H i FieldValidatorsE X :

syntax = “proto2”;
package validator;

import “google/protobuf/descriptor. proto”;

extend google. protobuf. FieldOptions f{
optional FieldValidator field = 65020;

message FieldValidator {
// Uses a Golang RE2-syntax regex to match the field contents
optional string regex = 1;
// Field value of Iinteger strictly greater than this value
optional int64 int gt = 2;
// Field value of integer strictly smaller than this value
optional int64 int 1t = 3;
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. more ...

MFieldValidatorsz X R sh FATR LU SIRE S R 2otk Hrhregex#eatfl T4 B IE R IEM &R, int_gthl
int_ltZe R Sl i,

IRJE R BLTR B 4 A R BRI R AU -

protoc \
proto path=$ {GOPATH} /src \
proto path=$ {GOPATH} /src/github. com/google/protobuf/src \
——proto path=. \
——govalidators out=. ——go out=plugins=grpc:. \

hello. proto

windows: # #t $ {GOPATH} A %GOPATH%  EPT],

VL4 41 F protoc-gen-govalidatorsfi/y, A pk—AMlsr 4 yhello.validator.pb.goff sC 4

var regex Message ImportantString = regexp. MustCompile (" [a-z]{2,5}$")

func (this *Message) Validate() error {
if | regex Message ImportantString. MatchString(this. ImportantString) {
return go proto validators. FieldError (“ImportantString”, fmt.Errorf (
“value '%v’ must be a string conforming to regex 7 [a—z]{2,5}$",
this. ImportantString,
)
}
if ! (this.Age > 0) {
return go proto validators.FieldError (“Age”, fmt.Errorf (
“value '%v’ must be greater than 0, this. Age,
)
}
if ! (this. Age < 100) {
return go proto validators. FieldError (“Age”, fmt.Errorf (
“value '%v’ must be less than 100’ °, this.Age
)
}

return nil

ARSI Message i /RS in T —/~Validate /7%, FFIRUEZ AL 7 2 751 2 Protobufrfe LRI LR . e R AT
JA, A RIValidate JyvEES M A28 42, DAt nT LSS AL AR [R] A 58 E 2 11 o

JERLAE RIS R AL FREE A gRPCHIERIES , FRATTAT DURZE 55 NN 5 2 5 N2 B0 [ 3EA T 361
4.6.2 REST#0O

gRPCHRF5 — Me AR P HOE AT, R TR 20T AR B e 55— B SR A IORESTH 1o Sl RESTH2 111 L5y {8 i i
JavaScriptlEiiss . FIEH X F figrpc-gateway i H s 7 ¥ gRPCHR S WREST R 25 11fiE 17

grpc-gateway 1) TAE JE 41T K :
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API Client

RESTful API
(Typically JSON over HTTP 1.1)

D profile-service.proto 1

/

/&l 4-2 gRPC-Gateway T {Fii e

i 1d e Protobuf U RIS AR R M TCAE B, i B 5 SO ARSI 124 Bl thi A D% R AR BRAREY,  foe 20K RESTHR R e 4 5 i i
fIgRPCHR %5 AL #

%t oo/ B 2 i Protobuf i e s 4 i F vkt

syntax = “proto3”;
package main;
import “google/api/annotations. proto”;

message StringMessage f{
string value = 1;

}

service RestService {
rpc Get (StringMessage) returns (StringMessage) {
option (google.api.http) = {
get: ”“/get/{value}”
}s
}
rpc Post(StringMessage) returns (StringMessage) {
option (google.api.http) = {
post: ”/post”
body: “*”

FATE S NgRPCE XL T GetHPostyvk, SRR i EIRIEAE 0 R 25 ik dif5 B . Herdi/get/{value} " B4k Bi
eGetliik, {value) I Z%tHIvaluei iy, gifuiidjsonts ik M. Postyr it ii“/post” #4%, bodyr il &
jsont# I REE

SRIFIEL PL R dr 4 23 protoc-gen-grpc-gateway i :

go get —u github. com/grpc—ecosystem/grpc—gateway/protoc—gen—grpc-gateway
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PB4 i grpc-gateway D4 47 1) % i A FEAR G -

§ protoc —I/usr/local/include —I. \
-I$GOPATH/src \
~1$GOPATH/src/github. com/grpc—ecosystem/grpc—gateway/third party/googleapis \
——grpc—gateway out=. ——go out=plugins=grpc:.\
hello. proto

windows: &#:  §{GOPATH} N %GOPATH%  Epw].

i 2 RestServicef 454 ikl b [fJRegisterRestServiceHandlerFromEndpoint e % :

func RegisterRestServiceHandlerFromEndpoint (
ctx context.Context, mux *runtime.ServeMux, endpoint string,
opts [Jlgrpc.DialOption,

) (err error) {

RegisterRestServiceHandlerFromEndpoint s i H T4 i X 7 Restis I fiE R4 & B IEMIgRPCIR S o 11 M i 7 o %5
ZJa e LR B Web %5 1

func main() {
ctx := context.Background ()
ctx, cancel := context.WithCancel (ctx)
defer cancel ()

mux := runtime. NewServeMux ()

err := RegisterRestServiceHandlerFromEndpoint (
ctx, mux, “localhost:50007,
[lgrpec. DialOption{grpc. WithInsecure()},

)

if err != nil {
log. Fatal (err)

http. ListenAndServe (“:8080”, mux)

JashgrpcliR%s ¥ 115000

type RestServicelmpl struct{}

func (r *RestServicelmpl) Get(ctx context.Context, message *StringMessage) (kStringMessage, error) {
return &StringMessage{Value: “Get hi:” + message.Value + “#”}, nil

func (r *RestServicelmpl) Post(ctx context.Context, message *StringMessage) (kStringMessage, error) f{
return &StringMessage {Value: “Post hi:” + message.Value + “@”}, nil
}
func main() {
grpcServer := grpc. NewServer ()
RegisterRestServiceServer (grpcServer, new(RestServicelmpl))
lis,  := net.Listen("tcp”, ”:50007)
grpcServer. Serve (1is)
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et runtime.NewServeMux() i ¥ 017 i i b FE %%, SR il it RegisterRestServiceHandlerFromEndpointef 30k
RestService 55 #H 2 RESTH: 1 ¥ # 5 I gRPCAR S - grpc-gateway it fruntime.ServeMuxZSth s Bl 7
http.Handlerfz 1, DAk n] DURTRR #E 22 b (A 6 b e &5

MgRPCHIRESTH S A sl Ja, il B curliif KRESTHSS 1 -

$ curl localhost:8080/get/gopher
{"value”:”Get: gopher”}

$ curl localhost:8080/post —X POST ——data ’ {"value”:”grpc”}’
{"value”:”Post: grpc”}

TEXPANAATRESTHZ I, AT — iR 23R4t —A>Swaggert =i SO I T ik i A% H .

§ go get —u github. com/grpc—ecosystem/grpc—gateway/protoc—gen—swagger

$ protoc -I. \
—I$GOPATH/src/github. com/grpc—ecosystem/grpc—gateway/third party/googleapis \
——swagger_out=. \
hello. proto

RIG 2 Mhello.swagger.json . X EERIE AT LUE T swagger-uilk AN s H , - 76 T 4R AERES T2 11 SCRS AL
EIe .

4.6.3 Nginx

HHTINGiInX T gRPCHEEAE T IR E 3 FF . nI LU Nginx & i 2 M~ gRPCHR S A 21—/ MNginx i % . [FHFNginx 24k 7 A [F
—FligRPCHSSVEM 2 AN G i I ThfE, IXBE R A SEHLgRPC /i 4 1 S . NginxIgRPCY ™ @ /2 — ANEER I 18, 40
I ] DL AT S 25 AH 0k
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pbgo: #T-ProtobufiHE4E

4.7 pbgo: ETProtobufi{iELE

pbgo TR ATL I T AT A 2 Bt I R e B (R IRARHESE, & 3% T-Protobufifid g ik, it i1k [ 30 4L sirpc frestA %48
i CEARTE S AT IRAT & RS I AT 5 il — S ProtobufRIS AL il 14, HFAE R T rpcil o (MARED . ZEAR Y B T E 0 Hhid
pbgoH fiIProtobufl BT M S restiff o 1) T AR,

4.7.1 Protobufy Big

H T Protobufifl ¥R 2 HF IR I H #48 F 2 T Protobuf(f4 i, 72 RT— 15 Fp 5L 20 (K156 U 35wl A28 ok 4 25 M0 (B A 3 i e
JufE B IEGIE . fEgrpc-gateway T H Il S A IR S5 R B AN 7 1238 i HEEp A DG 1) B 000 512 3 Re st 111 1) 3 R
pbgoth & i# it Protobuffiid @ik Arestd LG N o (s &

pbgoffi¥ EiEVE{E  github. com/chai2010/pbgo/pbgo. proto 3L X:

syntax = “proto3”;
package pbgo;

option go package = “github. com/chai2010/pbgo;pbgo”;
import ”“google/protobuf/descriptor. proto”;

extend google. protobuf. MethodOptions {
HttpRule rest api = 20180715;
}

message HttpRule {

string get = 1;
2;
string post = 3;

string put

string delete = 4;
string patch = 5;

pbgo.proto X /fZ&pbgotE L i —ANEk 4y, 7 E g HAl K protoXt - $ \. ProtobufA & B —E5EBIaAk R, EiXBAn
it itpbgo. GOl A A K —EAAR, RAIFEMIIgo package & ikikE X ProtobuffGois 7 2 )4 il w56
%o E X ProtobufflGois &5 2 MIELIIMU C R 2 )5, HAl'S Apbgo.ptotofiffiProtobuf SLA-EA GOTE FH i, 24k
pbgo.protolt st Goitt 5 kit .

Protobufy JEiB:A IR, A3 B SCE Y B R Xt messagey @5 5. £ X%fmessage i P 5 . &
Xfservicelid s BAE St service VLI TS B . TEME Y AT & e T 2l it extend S T E X R B 2R A E] LU Ty
JERI R G o 7 FE AR T DL SERR A, ] DU — AR, pbgorh HE X T service AP, HEXL T —A4% N
rest_apifiy g, AL EHttpRuleZs /M.

SE ST 25, FATE T LA IEAt K Protobuf s AR F pbgo i# Jig . B —-hello.proto -

syntax = “proto3”;
package hello pb;

import ”github. com/chai2010/pbgo/pbgo. proto”;

message String {
string value = 1;

AR I RSO (www. topgoer.cn) 1 - 244 -



pbgo: #:FProtobufffHE4e

service HelloService {
rpc Hello (String) returns (String) {
option (pbgo.rest api) = {
get: “/hello/:value”

HAEATEIE SN github. com/chai2010/pbgo/pbgo. proto  CAFGIAY fEE X, #RJ57EHelloServicefiHello /5 ik {fi
T pbgosE LY . Hello i kg i s BRIz B —ARESTHE: H,  RAE—AGETJjiEx 8" /hello/:value” 1%, 1E
REST iR 2H K H 1 httprouteri# 6 FIEE M, ":value” F R 1% A % 5 B B )02 2 504 [H) 44 10 72 o

4.7.2 EHFPERRY RE R

TEARTEINEE 1 3RAT DA W R iF iR i Protobuf i f 1 TAE BB, If HJER T A A s RPC L SRS . i 2 — A
generator.Pluginf%

type Plugin interface {
'/ Name identifies the plugin.
Name () string

// Init is called once after data structures are built but before

// code generation begins.
Init (g *Generator)

// Generate produces the code generated by the plugin for this file,

except for the imports, by calling the generator’s methods P, In,
// and Out.
Generate (file *FileDescriptor)

// Generatelmports produces the import declarations for this file.
// It is called after Generate.

Generatelmports (file *FileDescriptor)

T EEGeneratefliGeneratelmports e £ 7 53l A Al DS ARG T Protobuf SC {4 1 43405 EAE
*generator.FileDescriptorZi B s S H b iR, PG RAT T BN R B0 S H R Sy 8 2 U o

pbgo#E e H [¥#fi X & & pbgoPlugin, fEGenerate 7 ik e 5t 75 2 [ Protobuf SO H 5 SUI AR 5%, S8 73 5 f A~
RSB TTE . BB ES N 2 G EiE B E X fgetServiceMethodOption /7 ik il resty @ {5 5.

func (p *pbgoPlugin) Generate(file *generator.FileDescriptor) {
for , svc := range file.Service {
for , m := range svc.Method {
httpRule := p. getServiceMethodOption (m)

TEifliRgetServiceMethodOption 5%z i F&Al 146 [ T 78 FE i & -

extend google. protobuf. MethodOptions {
HttpRule rest api = 20180715;
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Pbgo MRS I VEE LT — A rest_api# FHF g, (ERAERIGoIE S 24 & —-pbgo.E_RestApi4 R4 &, @il
A R AL T LRI e Y R 5 B .

T getServiceMethodOption 75 % S 3 :

func (p *pbgoPlugin) getServiceMethodOption (
m *descriptor. MethodDescriptorProto,
) *pbgo. HttpRule {
if m. Options != nil & proto.HasExtension(m. Options, pbgo.E RestApi) {

ext, _ := proto.GetExtension(m. Options, pbgo.E RestApi)
if ext != nil {
if x,  := ext. (¢pbgo.HttpRule); x != nil {
return x
}
1
}
return nil

BLi@idproto.HasExtension B H I Wi A k2 B E LTI &, 25 id proto.GetExtension s E R EUH F e LAY TRAE
B MR R B2 )5, FATHRE Y R 8 Apbgo. HttpRule 2§,

TR, BT LS5 i A sRRPCICS I ) R REST R 670
4.7.3 £BREST/UHS

pbgoEE[F N tF 4t 1 — AN AR A2 RES TS . AN FATHI H it 2 ST pbgo B 42 et id A2, BRIt EA1E 2K T5
HelloJ5 vAxT B RRESTACAS, 28 J 47 1 FEARAE T 5 A AR A1 AR B 3 A AR«

HelloService R & HelloJii, HellodiikRE X T —AMGET R HRESTH

message String {
string value = 1;

}

service HelloService {
rpc Hello (String) returns (String) {
option (pbgo.rest api) = {
get: “/hello/:value”
}

RNT IR, A7 2 AHelloServiceti&— A . RIUILEAIA A A — A HelloServiceHandler [k %, #]
PLEET-HelloServicelnterface il 45 42 1 A il — AN H AL #EL4% «

type HelloServicelnterface interface {
Hello(in #String, out *String) error

}

func HelloServiceHandler (svc HelloServicelnterface) http.Handler {
var router = httprouter. New ()
_handle HelloService Hello get(router, svc)
return router
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AR 3 1) S TR R LB AT i httprouteri® 51 %2, HihhandleHelloService Hello_gets $H T Hello Jy i3 i 81 %
EEpBEE

func handle HelloService Hello get (
router *httprouter. Router, svc HelloServicelnterface,
) |
router. Handle ("GET”, ”“/hello/:value”,
func (w http. ResponseWriter, r *http.Request, ps httprouter.Params) {
var protoReq, protoReply String

err := pbgo.PopulateFieldFromPath (&protoReq, fieldPath, ps.ByName (“value”))
if err != nil {

http. Error (w, err.Error(), http.StatusBadRequest)

return

if err := svc.Hello(&protoReq, &protoReply); err != nil {
http. Error (w, err.Error(), http.StatusInternalServerError)
return

if err := json.NewEncoder (w).Encode (&protoReply); err != nil {
http. Error (w, err.Error(), http.StatusInternalServerError)
return

T router.Handle 7 Mk E s 2. (EB% RN T JEiEId ps. ByName (“value”)  MURLHIN#kvalueZ4t,
Jriid pbgo.PopulateFieldFromPathifi B i £ 15 & value S Honf IR 5t 24460 N S50tk % s 2 )5 5T LI ]
HelloServicefk % 1 Hello /5%, & FHelloiikiR [H1 145 B jsonZm ik Al .

TEF TAIE FE R ARG I A5 0 2 Ja ik mT CATE RGBSR bR i 1 AR BRARAD B o SE AR ARG FIREARFE  protoc—gen—
pbgo/pbgo. go I, WHEFLLHITS®,

4.7.4 BHRESTHRS

BRI 3E pbg o ME AL FE LA B, (248 F pbgo it RESTHR 45 A2 S 7 B . B SB Bk iE — AN 2
HelloServicelnterface$# [ (155 % 4.«

import (
”github. com/chai2010/pbgo/examples/hello. pb”
type HelloService struct{}
func (p *HelloService) Hello(request *hello pb.String, reply *hello pb.String) error {

reply. Value = "hello:” + request. GetValue ()
return nil

HMRPCARS—FE, fEHelloridirh itz 4554 AR5 I iz 5508 R HelloServiceHandlerps 34 ek il AL Fis 978 2k
%

func main() {
router := hello pb.HelloServiceHandler (new(HelloService))
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log. Fatal (http. ListenAndServe (“:8080”, router))

SRIGTE M A 1T MHARESTHR %S«
$ curl localhost:8080/hello/vgo

TR AR TR N pg OREAL B TE AL 1 !
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grpcurl L E

4.8 grpcurl T

Protobuf/A& & HAG SR BhEE, AT LAEIZAT IS 3RO G Proto M. gRPCRIFERIRAE T — A% Ayreflectionffi s, FT M
gRPCIRS 1Rt A . gRPCE A4t T —ANC++5:Tfigrpe_cliT B, W LUHT#ifigRPCHIZFE 2k ifH FHlgRPC 1. fHiE
CH++EAMIgrpe_clize i G %, A 2iGoiE 5 sediftigrpeurl T E . AP HEAFAgrpcurl LM%,

4.8.1 53 R4 R%
reflectiontu s L5 —-Registeri& ¥, T Kigrpc.ServeriEfit 3 itk . reflectiont STRY4: H T a7 5 456 g vk

import (

“google. golang. org/grpc/reflection”
)
func main() {

s := grpc. NewServer ()

pb. RegisterYourOwnServer (s, &server {})

// Register reflection service on gRPC server.

reflection. Register(s)

s. Serve (lis)

WIS T gpre et gy, A4t al LU reflection S At 55 AR 25 2 I gRPC A 45 81 F gRPC Jy 2.
4.8.2 BERFIIR
grpcurbi2Got & HIEAX LN TR, HFETF ek

§ go get github. com/fullstorydev/grpcurl
$ go install github. com/fullstorydev/grpcurl/cmd/grpcurl

grpcurlig & A A Zlistar 4, FFIRIURS SRS 7k sI%. tin  grpeurl localhost:1234 list iy &K aRHUA M
12345511 ERgrpciR &l . wfiffgrpeurlif, FEHEE  —cert Ml —key  ZEOREBEAYIMAYICH:, BEREE M
THSUMLAIARSS . FT3E B AtsIgrpeiiss, it -plaintext  SHAItISIEH AT 2. W ZUnix Socket
PG WIFRESRE  -unix B

WA B B L A AR S, B3A ZRAE B RIS, AR BRISMLL N K5 1%

$ grpcurl localhost:1234 list
Failed to dial target host “localhost:1234”: tls: first record does not \
look like a TLS handshake

Wi grpcR5IER, H2RSEA Esreflection e RS, H 2B FI LR AR

$ grpcurl -plaintext localhost:1234 list
Failed to list services: server does not support the reflection API
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st grpchi 45 L4 B 3 1 reflection iR %5, RS AIProtobuf ST T -

syntax = “proto3”;
package HelloService;

message String {
string value = 1;

service HelloService {
rpc Hello (String) returns (String);
rpc Channel (stream String) returns (stream String) ;

grpcurl Hlistdr 4 & F R4 FIR A 2 DL N

$ grpcurl -plaintext localhost:1234 list
HelloService. HelloService
grpe. reflection. vlalpha. ServerReflection

HrhHelloService.HelloService & fEprotobuf & X k5. TfiServerReflectionfil 55 2 reflection i M s Ak
% . it ServerReflectioniit 45 i LA G5 A & 78 4 (1 4 gRPCHR 4515 2.

4.8.3 [REWIHTEFTR
A Flist Fin A0 ] L& B HelloService IR 45 I 7155113«

§ grpcurl -plaintext localhost:1234 list HelloService.HelloService
Channel
Hello

Wy AT BAE FIHelloService R %4241t 7 ChannelfiiHello®iA~ J712%, FlProtobuf S {F i X 42—,

WAGEAR T TVEI AN, W EMEH grpcurlfie ik describe 1 & A A RN FA 5 B -

$ grpcurl -plaintext localhost:1234 describe HelloService.HelloService
HelloService. HelloService is a service:
{
“name”: “HelloService”,
“method”: [
{
“name”: “Hello”,
“inputType”: ”.HelloService. String”,
“outputType”: ”.HelloService. String”,
“options”: {

“name”: ”Channel”,

“inputType”: ”.HelloService. String”
“outputType”: ”.HelloService. String”,
“options”: {

Io
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“clientStreaming”: true
”serverStreaming”: true

}
I

“options”: {

I 7RSS RN T, BRSNS BRI (R R S
4 ] 8 [ ] 4 ﬁm%@%l@\

LEFRIBIEMSHANRERR L J5, T G EE BB R R Tt/ describedr 4 &% 2% HelloService.StringZ¢
LELHIEHSY

§ grpcurl -plaintext localhost:1234 describe HelloService. String
HelloService. String is a message:
{
“name”: “String”,
“field”: [
{
“name”: “value”,
“number”: 1,
”label”: ”“LABEL OPTIONAL”,
“type”: “TYPE STRING”,
“options”: {

)
” jsonName”: “value”

}
I

“options”: {

jsonfz B xRN HelloService.String2k % 7E Protobufr (1) g X 1 :
message String {
string value = 1;
i ffjson$dE KA & Protobuf SCEFIR 53— Fh s i k.
4.8.5 WHFE

TEARELGRPCHR S5 (FVEAN(E B 2 5 i T Eljson i FHgRPC IV 1 s

T AEs  -d  SEEANAjsonEFHRENTASE, WHTZHelloServiceli4 Hello 7y %
$ grpcurl -plaintext —d ’ {“value”: “gopher”}’ \
localhost: 1234 HelloService. HelloService/Hello

{

“value”: “hello:gopher”
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Wk -d BHuE e WEORMRERA SR sonf A S HL, X BN T SR A 2R json B, R U Tt

N A2 Channel it %, E R WARHES N SEIUR A TR 24

$ grpcurl -plaintext —d @ localhost:1234 HelloService.HelloService/Channel
{”value”: “gopher”}
{

“value”: “hello:gopher”

}

” — >
{"value”: “wasm”}
“value”: “hello:wasm”

}

ik grpeurl T, JRATR] LAAE S AT H 55 i AR IR 34358 R N gRPCH 55
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4.9 #FE P

H e LT 1HARPCHI BB LL# D . HaiProtobuffIgRPCIIE MBI AL T VELNIN 228 BRI AIE] 1. AR E S PHA T GobrifEFE 1)
RPCHI%ET-ProtobuffiT 4= ) gRPCHESE,  [RIIN iR S e 1 W B i — MRPCHESE . 2 P AR EELEIX LA BRI 38, 23
HIX I BRI LGOI F BINE HEHEA T4, FIGOE 5 At NI K. RiLRPCHKARZE — AT K A8, e LSRR
HRr It A a2 B AR EMRPCHESE, EHE X i ARG TIREEHIMRPC RS, JH Al LIRS A Lz br i Rk 4%
GER T A,
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GofiWeb

$5% go Al Web

FETRRFES, B EEMRERIFN. FETHRIES, RRESIF BRI RN . RS TT77,
TR RTTIT T REMEIRASREI B PG B AT . ——Kenrong

A TR 2 R GorEWeb T A 7 T MBLR,  IF LU LA SR KT IRWebHESL 9, 7 RZGR A WebHERUA B (AT LR -

Rl 2 A RBAR A e We b TF R T I Y LE [ R, DA AEGo A T 6F, AR pR I 2 ]
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WebH & f&i /)

5.1 Web F &/

KNGO net/http WAL VIERNIEE AL G 5 E B I DIRERR A, T LAAEAE X BLFUAT — ] Go gl 5 APIAN T BEAHEZL 1
M, ERATER, WERIRAIH B8 BAEM . URIEE HAEILURBRAZEZH A0S w5 Bt 2 6. (HIER
YR, BT Ihttp BRI A AT S T A AN . A TR () 1% ol -

GET  /card/:id
POST /card/:id
DELTE /card/:id
GET  /card/:id/name

GET  /card/:id/relations

LS 25 T HE 20 2 B L b L EL A 43 W
GOl We b HE B2 A ELT A4 A3 4 26

1. RouterfE4:
2. MVCHES

FEHEZEIIE 3 b, RZHROL N H R KIS NI S L AN A J IR FlIn A S AR ZHOR N UAEPHPH B, IS4t fiT—5E &7k
W ENGbeegoX FEIHEL, HAIRAFAIRDCRET 1, A MNTIIARTE T BE RSB By . LEUniR 2 K) I CRE /7 AL A8 m]
e = L HCIES K GIRMICGIREY, MITrREAR B FBA T AR K22 SIMVCEE R 25 WebHEZE, Al A7 2 A 2 —4
ERE AR (LR AT 2, DR RHTTPI UC B A At 8 B 4 B R 1553 .

Goffl  net/http  EIRMEAIFRIXFERIERIZIAE, S5 ME S http echo server  HFHZE30s.

//brief intro/echo. go
package main
import (...)

func echo (wr http. ResponseWriter, r *http.Request) {
msg, err := joutil.ReadAll (r.Body)
if err != nil {

wr. Write ([IJbyte (“echo error”))

return
}
writeLen, err := wr.Write(msg)
if err != nil || writeLen != len(msg) {

log. Println(err, “write len:”, writeLen)
}
}

func main() {
http. HandleFunc (“/”, echo)
err := http.ListenAndServe(”:8080”, nil)
if err != nil {
log. Fatal (err)
}
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WRARTE T 30SIE %A ERGX AR, A — TR E CRIT TR RN T OFMBE (D) o XAMIT208 T 3 EGorh
B AHTTPIHH/MERF AL AR . WERARTHIGFF B, I LM E ORI RS, BEM net/http &
ME/AREET .

ARG B IFIEALIX h—A>Kafka i 7551 H i

//Burrow: http server. go

func NewHttpServer (app *ApplicationContext) (¥HttpServer, error) {
server. mux. HandleFunc (“/”, handleDefault)
server. mux. HandleFunc (“/burrow/admin”, handleAdmin)

server. mux. Handle (”/v2/kafka”, appHandler {server. app, handleClusterList})
server. mux. Handle (”/v2/kafka/”, appHandler {server. app, handleKafka})
server. mux. Handle (”/v2/zookeeper”, appHandler {server. app, handleClusterList})

X BARAS ok K4 44 4 linkedin A A (M Kafka i 3235 H Burrow, %A EfroutertEde, WA T net/http o
A R BACT LA AU, AT H MR X A REATURI, T DAFRATER BE I S5 w2 R T X A7

/
/burrow/admin
/v2/kafka
/v2/kafka/
/v2/z00keeper

WRAREA SO AR S 1o FRATAERE handleKafka ) IXA BB IRITTE:

func handleKafka (app *ApplicationContext, w http.ResponseWriter, r *http.Request) (int, string) {
pathParts := strings.Split (r.URL.Path[1:], ”/”)
if , ok := app.Config. Kafka[pathParts[2]]; !ok {
return makeErrorResponse (http. StatusNotFound, “cluster not found”, w, r)
}
if pathParts[2] ==

// Allow a trailing / on requests

nwn {

return handleClusterList (app, w, r)

}

if (len(pathParts) == 3) || (pathParts[3] == ") {
return handleClusterDetail (app, w, r, pathParts[2])

switch pathParts[3] {
case “consumer”:
switch {
case r.Method == “DELETE”:
switch {
case (len(pathParts) == 5) || (pathParts[5] == ""):
return handleConsumerDrop (app, W, r, pathParts[2], pathParts[4])
default:
return makeErrorResponse (http. StatusMethodNotAllowed, “request method not supported”, w, r)
t
case r.Method == “GET”:
switch {
case (len(pathParts) == 4) || (pathParts[4] == ""):
return handleConsumerList (app, w, r, pathParts[2])
case (len(pathParts) == 5) || (pathParts[5] == ""):
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// Consumer detail — list of consumer streams/hosts? Can be config info later
return makeErrorResponse (http. StatusNotFound, “unknown API call”, w, r)
case pathParts[5] == “topic”:
switch {
case (len(pathParts) == 6) || (pathParts[6] == ""):
return handleConsumerTopiclList (app, w, r, pathParts[2], pathParts[4])
case (len(pathParts) == 7) || (pathParts[7] == ""):
return handleConsumerTopicDetail (app, w, r, pathParts[2], pathParts[4], pathParts[6])
}
case pathParts[5] == “status”:
return handleConsumerStatus (app, w, r, pathParts[2], pathParts[4], false)
case pathParts[5] == "lag”:
return handleConsumerStatus(app, w, r, pathParts[2], pathParts[4], true)
t
default:
return makeErrorResponse (http. StatusMethodNotAllowed, “request method not supported”, w, r)
}
case “topic”:
switch {
case r.Method != “GET”:
return makeErrorResponse (http. StatusMethodNotAllowed, “request method not supported”, w, r)
case (len(pathParts) == 4) || (pathParts[4] == ""):
return handleBrokerTopicList (app, w, r, pathParts[2])
case (len(pathParts) == 5) || (pathParts[5] == ""):
return handleBrokerTopicDetail (app, w, r, pathParts[2], pathParts[4])
}
case “offsets”:
// Reserving this endpoint to implement later

return makeErrorResponse (http. StatusNotFound, “unknown API call”, w, r)

// If we fell through, return a 404
return makeErrorResponse (http. StatusNotFound, “unknown API call”, w, r)

BUAEAK  net/http  WHH mux  ASCRRESEUIE T, PTABUrrow XN H M 7 AR I 7

£ Split  RIEL-L/VKEE switch case  RIZBIHCHIH K, (BELEASRR IZIRE P i0H i B ARG 2 %, &
REMAAL, MUAEFAE R, QURSEHEAOHE TR 25, AT RIITER)LA handler  MBUEHE LA,
FRAZRMBHEIXA  handleKafka() o MHIRATRG LS ANRX B LB IRELFIABU D, R FHE DGR .

RIERATLLE, FpHskyl, KBRS A S5, JF AT HWAPIE HEBIE 710, #iREATE
A net/http  FRERIAMIE . EGoHIEAR A& Z routerfEhttpRouter, 1RZHFiErouterfE 4L 4 /E 5T
httpRouteri#f 47— @ FEEE () iE R . ¢ ThttpRouteri di i 5, S7EARZ AT K router—15 W AT VELII 2 R

FERIBIE— N SRR UL, TR A A JURHESE, 55 —FuZ Xt httpRouteri AT fay s itdatie, SR S it g il (0 v ) A — i
RN TR R INgin, 1ITRE, 5%, mtkat. B O MRAEIEE S MM R EMVCEAEZE, fillibeego, J7
A ETE F TR R AR A RIE BT, PRI . A SRR RE R K, BR 1B i schematit, KRB/ Lg%
Aol filingoa. ANVEUBFIHELE, & & TFAHE TSR R .

REIINARR T 2 RITUHErouterFl b (o AR AL, 302 DUBLAE TR S 1 (40 170 JU 25 5 GOk HEAT — B8 S BRIE I B . A5 ¢
50 B AL A 5% 9 2 R A T o
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5K

5.2 router &R H

FEH WL WebHESE F, routerfe i & 41L0F. Goi = el ¥ Hrouterth i’ # 4l http  fIimultiplexer. 7 E—3d3kA1
JERBurrow A 1 fE B 5], CAKENAAH  http  FRAEEETH A E I muxck e R LN B BT RE T . R K Web &
LN R SR A XBE, B http  BREETH S mux  BEATEL

RESTfuliZ JLAERTHIE I APIEC T X, FERESTfulth kR 7 GETHIPOST.Z4h, &M 1 HTTPHMSGE LA LA & i br AL
o RARELEE:

const (
MethodGet = “GET”
MethodHead = "HEAD”
MethodPost = "POST”
MethodPut = "pPUT”
MethodPatch = “PATCH” // REFC 5789
MethodDelete = “DELETE”
MethodConnect = “CONNECT”
MethodOptions = “OPTIONS”
MethodTrace = “TRACE”

)

HF A RESTFUl 3 WL SR 4

GET /repos/:owner/:repo/comments/:id/reactions
POST /projects/:project id/columns
PUT /user/starred/:owner/:repo

DELETE /user/starred/:owner/:repo

MG AR OISR T, X2Github B 77 SR h#k R AGJLAAPIE T . RESTFUlXU (KAPIE KIS Rigfe. 2MIRE
SHOIAERE RURI . BRib 2 ANE AR Z I FA AW WIHTTPRA Y, A AT Hidigkdr, Prolemgid Ak,

WRRAIN ARSI OURIE T, FREEN x| RARAPAGT.
5.2.1 httprouter

BRATHIITIRgo WebHEZE K £ {# fl httprouter, B E3ET-httprouterf s fltd % 47 0 # . A 42 211 github it 2 Kk ik
H7Ehttproutert &2 nf UL RF 1

K yhttproutert () s AULHEE, i AL Be it it i (10 I ¢ 75 A8 — 28 2 S B0 el o b R 0, -

conflict:
GET /user/info/:name
GET /user/:id

no conflict:

GET /user/info/:name
POST /user/:id
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TR SRYFIITE, Wi % th A — 3 http 7k (48 GET/POST/PUT/DELETE) MG KRG /AR 4, HIERAE HIL T At
stwildcard (FR:idiXFE0) 280 BEFHIMZEE FAT 8, B A& Rt R . B dif R SRR B Bl panic:

panic: wildcard route ’:id’ conflicts with existing children in path ’/user/:id’

goroutine 1 [running]:

github. com/cchl123/httprouter. (*node). insertChild (0xc4200801e0, 0xc42004fc01, 0x126b177, 0x3, 0x126b171, 0x9

0x127b668)
/Users/caochunhui/go work/src/github. com/cch123/httprouter/tree. go:256 +0x841

github. com/cch123/httprouter. (*node). addRoute (0xc4200801e0, 0x126b171, 0x9, 0x127b668)
/Users/caochunhui/go work/src/github. com/cch123/httprouter/tree. go:221 +0x22a

github. com/cchl123/httprouter. (*Router). Handle (0xc42004f£38, 0x126a39b, 0x3, 0x126b171, 0x9, 0x127b668)
/Users/caochunhui/go work/src/github. com/cch123/httprouter/router. go:262 +0xc3

github. com/cchl123/httprouter. (*Router). GET (0xc42004f£38, 0x126b171, 0x9, 0x127b668)
/Users/caochunhui/go work/src/github. com/cch123/httprouter/router. go: 193 +0x5e

main. main ()
/Users/caochunhui/test/go_web/httprouter learn2.go:18 +0xaf

exit status 2

A — 5l EER,  Bvhttprouter s FE 2 7 SR IER L, (ERIERILING S0 S B HEAT R, BT AP B b (2808 H A

fERARAFZIRINURIBESE — S B A2 A 7 200D BL R[22 4.

N

FrscrfgierbiwildcardZ 42 4h, httprouteri& W LASCRF -« SoREETER, A x SIS EOR BEMTE R d1 1
SR, B XA

Pattern: /src/*filepath

»n

/src/ filepath =
/src/somefile. go filepath = “somefile. go”
/src/subdir/somefile. go  filepath = “subdir/somefile. go”

XA BCHERESTRuUl ] BEAK N W, 2L T ReWS i H httproute sk Ul S I HTTPES &5 U1 IR 55 45

B 7 IR AL R i SR, httprouterth SCREX —SeRFIR S Bt 1 1 1l el BOMAT e ), B4 04 )i {5 -

r := httprouter. New()

r.NotFound = http. HandlerFunc (func (w http. ResponseWriter, r *http.Request) {
w. Write ([]byte(“oh no, not found”))

i3]

B N panic iy g

r.PanicHandler = func(w http. ResponseWriter, r *http.Request, c interfacef{}) {
log. Printf (“"Recovering from panic, Reason: %#v”, c. (error))
w. WriteHeader (http. StatusInternalServerError)
w. Write ([Jbyte(c. (error).Error()))

H AT R R NiiAT (stardin) (IWebHEZEginfd i (12 httprouterfii 28 fir,
5.2.2 JF#

httprouterfll {x £ i1 4= routerfd F 1 S5 -4 O IR 47 4 (Radix Tree) o 1323 AT AR BCA Hefilud H 4= Sy, (E0 5 it
W (Trie Tree) NAZAFTH M. A 5-12 /N 7 SR 2544 -
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https://github.com/gin-gonic/gin

1 SR %

& 5-1 FHp

IR AT R R, I P s 10 F e RS . X T AR e, B ARS UF IR RE R SE A0, B
TR R R A I, ISR 00) . niTBLAR FARE AR KR . Jobt A SR T A
RARHLE I TT DL AT SO BB, A o BRI ) 52 2 P e T e K BE . o R PR bk s P oA T, 320
S AT, TR A B IS SR, ISR R e TR — B2 [ S

WIE T A A RS, R R TR B AN R XS S ECT IR I Z B R, IR S
AR P 7 AR (A AR o 2 SR ) P 45 2 A 454«
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/user

finfo/

B 5-2 JE 4 A

Y

faddr

/search/

;id :city_id

‘type

TR EA R AR, R R MR b R AR 0 S TR T DU B R B R ROy A
T EE A i L R R T B, DR R IR (A i pathing B cache RV T HEAT 2 AN FAT RIS ELD

M CPUZEAT AU o

5.2.3 E4iFiialgidE

FARERER — T httprouterdr, — ML 1 46 7 4 1O QU R, B g dn

PUT /user/installations/:installation id/repositories/:repository id

GET /marketplace listing/plans/

GET /marketplace listing/plans/:id/accounts

GET /search
GET /status
GET /support

TR

GET /marketplace listing/plans/ohyes

RJE— HAN TR AR BATRA, BRI AN APIER ¥k A T

5.2.3.1 root ¥ K A&

api. github. com

httprouterfiRoutersi fa s 7 fif 1 4 7= S (3 111 ot T SR el 444 -

/) WEE T HE B Router struct

type Router struct {

trees map[stringl*node
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trees ) key  RIAHTTP 1.1MRFCHE X #FiT5vk, FARA:

GET
HEAD
OPTIONS
POST
PUT
PATCH
DELETE

A — B 75 V050 L PR R — AR () 45 2 R, IR 2 (R AS s e . LR B BRAT] i 0
H, PUT  F1 GET  JEFifiMmIE—4E,

fay ke, SEANTTVRSE — AR 2 B0 R SR BT BB, AN, ek A PUT

r := httprouter. New ()

r.PUT (“/user/installations/:installation id/repositories/:reposit”, Hello)

ZFE OPUT R RIROMRAY R e B ok JEIKAR  PUT BRI ok

path : "/user/installations/"

wildChild: true

nType: root
indices: ™"
path : "installation_id"
wildChild: false
nType: param

indices: ™"

path : "/repositories/"

wildChild: true

nType: default
path : ":reposit"

indices: ™

wildChild: false
nType: param
indices: ™

B 5-3 A B 112 I HIJE A7 7 b

radixfF5 52k Ay  #httprouter.node , AN T I, BATE N T HAr<O0m LA 7B

path: 4l XL e o

wildChild: T3S 2% NSHA 5, Bl wildcard node, B :id IXFPKAIIS &
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nType: AT AR, HIUMZE: 2904 static/root/param/catchAll.

static TERR 77 5 11 2 200 1 T s
root R77 55

param

catchAll

indices: FHWHRI, JFWANIESHRA, AT SHwildChildAfalself, 2G8ATH AN E FREZZR 55
Ho WAEH, LPrER A string.

EEa PUT g A ME— R — 26812 $RTOR, IRANTBURSEIZ A GETHAR NG, P77 iR

5.2.3.2 THREEA

B3N GET /marketplace listing/plans I, ZRARTHPUTHIE RS, GETH 451 & 5-4.

path : "/marketplace _listing/plans/"
wildChild : false

nType : root

indices : "

B 5-4 A ZE— T RTHI A 7 e
KON — R B 28, path#HAFAE BRI m 1 1. PrBLRA — 9

HEECTN GET /marketplace listing/plans/:id/accounts , BTNERR S 2 TR LR ATZR,  HLAT LB 2w
FARUGEHATIRN, IBAZRAMRE R, 6N 5 MR 4 0 & 5-5:
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path : "/marketplace_listing/plans/"
wildChild : true

nType : root

indices : ""

path : ":id"
wildChild : false
nType : param
indices : ""

.

Y

path : "/accounts
wildChild : false
nType : default
indices : ""

] 5-5 FHA G AN TR R T

mT cid XA REAFEA R AT, FrblindicesiB AR AAAN T BLAL B

T A O LS T B, BT I T DA BB O SR B R ) T ST . SEBRIR A 21X A ST .
5.2.3.3 4%

PR REAEN  GET /search , XN&SEMEILNZ, WA 5-6.
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path : "/"
wildChild : false
nType : root
indices : "ms'

T

path : "search”

path : wildChild : false
"marketplace_listing/plans/" nType : default
wildChild : true indices : ™"
nType : default
indices : ™"

path : ":id"

wildChild : false

nType : param

indices : ™"

H

path : "/accounts"
wildChild : false
nType : default
indices : ™"

A 5-6 HAFE=ATix, FELF

A BRI ARG/ MERAESR, XEFREEEA Moot RNE T, FRHEgE  search  [FIFE(E
J9 T S HAEroot T 2 R o XY AT S IR EZ AN, root i A RindicesiR it T AR S, X Z T B TR IR LY
7o "ms"RETFIHIE 755 8m (marketplace) s (search) .

FAT—OESR, 4€ GET /status  F1 GET /support  HIHAZIW . X TEAL  search  Wai EFHCRAES
2, AR 5-7:
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path : "/"

wildChild : false

nType : root

indices : "ms'
partn : pgth : ".S"
"marketplace_listing/plans/" wildChild : false
wildChild : true pType : .d"efallj‘lt
nType : default indices : "etu

. path : "earch" path : "tatus" path : "upport"
path : ".id" wildChild : false wildChild : false wildChild : false
wildChild : false nType : default nType : default nType : default
nType : param indices : "" indices : ™" indices : ™"
indices : ™"

H

path : "/accounts"
wildChild : false
nType : default
indices : ™"

B 5-7 AT HE H e 1 47 e

5.2.3.4 FHRMWRLE

TERR A G DA PRI T, AR RAAEMPR. RA Al & Awildcard CGEELL tid) 882 catchAlIFIIHIL T 4 AT Rl
o X RERTIH DR T,

TGP R AL ERAR R 8, 3 LR L

1. fEffi Awildcard 5 gk, A3 A fchildren$t 414 HwildChild 4 % & Afalse. filfn:  GET /user/getAll Ml  GET
/user/:id/getAddr , B{# GET /user/*aaa f1 GET /user/:id

2. fEfEAwildcard i i, 5 Affchildren$ 4l k= HwildChild# % & true, {HiZAQH A wildcard 75 & B4 A1
wildcard % A —Ff. . GET /user/:id/info Ml GET /user/:name/info

3. fEff A catchAllT A, 235 fidchildrendE%s. #ill:  GET /src/abe Ml GET /src/#filename , B(#  GET
/src/:id Ml GET /src/#*filename

4. fEdfi Astatic 1y s, AT siffwildChild ¥ B % & Htrue.

5. 7Eff AstaticTi i, Qi AchildrendEss, H7 finTypeycatchAll.

HEURAEMR, S EVIHL fkpanic. B0, EHMAKNEEREE  GET /marketplace listing/plans/ohyes I,
LS AR IS0 B A marketplace listing/plans/  [HwildChild= B Atrue.
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HhTa) fF

5.3 HEE

B R BLAEIEAT 0O WeDHERE 1 9 [ (middleware) R JRIEA 17 4047, I A 8401 HEF P B Ml 25 FIE L 5 R 0
HEHEAT AR A

5.3.1 fAERE
ook —BARIS

// middleware/hello. go

package main

func hello(wr http. ResponseWriter, r *http.Request) {
wr. Write ([Ibyte(“hello”))

}

func main() {

http. HandleFunc (“/”, hello)
err := http.ListenAndServe(”:8080”, nil)

TR A K WebMi 55, HE T AR . BATIE RS R MR (A SR S5 T A6 1B SR TT 2 11

BUETERA T — DRI R, BA VS 2 3 S fhellofik 35 AU A BLREIS , F5RARMT 5L, JAIx il f e e dE AT A B 2

// middleware/hello with time elapse. go

var logger = log. New(os.Stdout, ””, 0)

func hello(wr http.ResponseWriter, r *http.Request) {
timeStart := time.Now ()
wr. Write ([]byte(“hello”))

timeElapsed := time. Since (timeStart)
logger. Println (timeElapsed)

TEHEAE ] LAYE R B B b pid SRR, 5T B 24 i i SR B FE AR I 8]

SER T A ERZ G, FATLREEIAT W 55 TT 0, SEBERIAPIZEST RN, BLAETRATTHA B 1 ok X A7

// middleware/hello with more routes. go

/) B T —LLA GG

package main

func helloHandler (wr http.ResponseWriter, r *http.Request) {
}

func showInfoHandler (wr http. ResponseWriter, r *http.Request) {

}
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func showEmailHandler (wr http. ResponseWriter, r *http.Request) {
}

func showFriendsHandler (wr http. ResponseWriter, r *http.Request) {
timeStart := time. Now ()
wr. Write ([]byte(“your friends is tom and alex”))
timeElapsed := time.Since(timeStart)
logger. Println (timeElapsed)

}

func main() {
http. HandleFunc (“/”, helloHandler)
http. HandleFunc (“/info/show”, showInfoHandler)
http. HandleFunc (“/email/show”, showEmailHandler)
http. HandleFunc (“/friends/show”, showFriendsHandler)

A handler B 2 B B 2K C IS AT I IR AOARD, BRI IHT (K i dy PA Tt [F) B 75 BRI ME R AT 22 AN 2 (14X 75 D
FIFATFERMTT 50 BOIRESAK S, P USRS SR th BT I8 B T4 K i)t

WTEIRA IR RGN E] 7304 ER I AT handler  BREL, WREINERIhandler, FATHIE - LIEHUEICZ BTS M TA
b 55T 5% Y S AR S s DUt ke

R R ARG wfathigtr 7B R, RBE K, EWRKEMER, BATSERAFIR TR RS, AT RG] DU inml
15, TR LB AT RFER B 3 EIR BRI RS . AR ALGREN LTI, Wmetrics. BUTEIR T ZE 0D
FEIEAERHEITHTTP Postiy 5 sk Ametrics R4 1. #A1k1E—F  helloHandler ()

func helloHandler (wr http. ResponseWriter, r *http. Request) {
timeStart := time.Now ()
wr. Write ([1byte ("hello”))
timeElapsed := time.Since (timeStart)
logger. Println (timeElapsed)
[/ BHERERT B

metrics. Upload (“timeHandler”, timeElapsed)

BEENXHR, AR AT R TAETHABA 7 iF .. TG ARRXN AT XA Web REA LM IS e sig it 7K,
AW LR A —Kish 45 . Eiﬂﬁbu—/\ﬂﬁ R AR S geit, BATEERE £ handler LRI k. 55 £ R I
4, BIR—TTR &MU?#&ﬁﬁﬁzf R IRBEAE LS R, TATHAT S A RATBE A AR e

5.3.2 A FRGFRIE LS ZHE

AR —F, —IFAaLEME RS T0E? AT 20— PR /oK, JEIRATH Z IR S T~ kg ?

BAVERI R KRR, A SRR AR SRR T —kt. ST RZHMgscRIE, 05515 RS Ehttpil R A 2 AT
S, IR BRI NS S e . FRATTAT AT A A - e A R X S A S () R 4% T e AR R 28 2 e ?

EIBWTF Sk 057, BATTRELAIAN helloHandler O MEHMEER IS MG, FATATLAMEH —Fm]  function
adapter  [KJ5VEK%F  helloHandler()  #HATHL%E:

func hello(wr http.ResponseWriter, r *http.Request) {
wr. Write ([Jbyte(“hello”))
1

func timeMiddleware (next http.Handler) http.Handler {
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return http. HandlerFunc (func (wr http. ResponseWriter, r *http.Request) {
timeStart := time.Now()

// next handler
next. ServeHTTP (wr, 1)

timeElapsed := time. Since(timeStart)
logger. Println (timeElapsed)
D)

func main() {
http. Handle (”/”, timeMiddleware (http. HandlerFunc (hello)))
err := http.ListenAndServe (”:8080”, nil)

AR A S T 35 AR 55 2 (MR, BEAE T 124> timeMiddleware o W LIRS PE 2], BAl]

B timeMiddleware() W& —/ %, HS%~N  http. Handler http. Handler  [AE XAE  net/http
e

type Handler interface {
ServeHTTP (ResponseWriter, *Request)

AR FTiESEI T ServeHTTP  , BUE—ANAVER) http.Handler , BRFIXEARAFESA —SiREL, AR T
http/# ) Handler HandlerFunc Al ServeHTTP  fIkA&:

type Handler interface {
ServeHTTP (ResponseWriter, *Request)

type HandlerFunc func(ResponseWriter, *Request)

func (f HandlerFunc) ServeHTTP(w ResponseWriter, r *Request) {
f(w, 1)

HEfRhandler i 525 44 2
func (ResponseWriter, *Request)

41X A~  handler Ml http.HandlerFunc) WA T —3MREE4, nTLCKZ  handler ) BREGIAT AL,

¥4  http.HandlerFunc . i  http.HandlerFunc  SZH{ 7  http.Handler XAM%M. £ http  EFREFHRK
handlerig #ok A #httptii RIS, A HandlerFunc() ) ServeHTTP()  BREL, W W — MR IHAC I BE 21X
FEMT:

h = getHandler() => h.ServeHITP(w, r) => h(w, 1)

FHEHBEIMEEE X handler  ##:y  http.HandlerFunc()  iXANEREZA), KONEAIH  handler &G EHI%
SZHL ServeHTTP X AMEM. AL 13415 2 HandleFunc (i & HandlerFuncfiiHandleFunc i 1X 1)) Bt ] L&
FIIXA S ) e 2

func HandleFunc (pattern string, handler func (ResponseWriter, *Request)) {
DefaultServeMux. HandleFunc (pattern, handler)
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func (mux *ServeMux) HandleFunc (pattern string, handler func(ResponseWriter, *Request)) {
mux. Handle (pattern, HandlerFunc (handler))

}

FiiEhandlersgEa—FH, AP EA@ELEEhandler, FiREl—ASFhandlersi 25 g T .

BEE—TR, RIS el — A A ot handlerdE AT A, R Al — MR T IR IR IR bR 2 .
FATHE E 1 () e PR A 2 2% — Lk

customizedHandler = logger (timeout (ratelimit (helloHandler)))

XA AR AT AR P ) LR SR U A 5-85kFR R

http request

cont timeout

context of ratelimit

ol
next.ServeHTTP next.ServeHTTP next.ServeHTTP > helloHandler
o

context of ratelimit

context of timeout

/ context of logger

http response
] 5-8 iF R AL P

FEELA 28, IXANRREAEBEAT 1 SR AL B A I (502 AW BEAT s BUR AR A, A S5 T 3 A AT -

[exec of logger logic] R []

[exec of timeout logic] BEAL: [logger]

[exec of ratelimit logic] Bk [timeout/logger]

[exec of helloHandler logic] B : [ratelimit/timeout/logger]
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[exec of ratelimit logic part2] pREFR: [timeout/logger]
[exec of timeout logic part2] BEAL: [logger]

[exec of logger logic part2] BB (]

SORESEIL T, (7 EEAOME AR R 3 T, SRR HCES B SO AL S O B < T
5.3.3 EENF AL

LA e 1AL S5 DI REARBD AN AL S5 D REABD IR AR, (H 3] T, BHRRIFASU, WIRF B SO R By, 2
S TR IR AT 22, AT A TRAEAT — 2 535" LI AL

BT

= NewRouter ()

. Use(logger)

. Use(timeout)
.Use(ratelimit)
.Add(”/”, helloHandler)

H R KR B B

W ZPRE, WAE T L EAZ NPT . MBS, D SRR AT I s R R, R R
MERXIRIE Use O WAHBEATRA T o dEHT508 .

MAEZEI A R, A SSUXFER ThEENR ? AN

type middleware func(http.Handler) http.Handler

type Router struct {
middlewareChain [] middleware
mux map[string] http.Handler

1

func NewRouter () *Router {
return &Router {}

}

func (r *Router) Use(m middleware) {
r.middlewareChain = append (r. middlewareChain, m)

}

func (r *Router) Add(route string, h http.Handler) {
var mergedHandler = h

for i := len(r.middlewareChain) — 1; i >= 0; i— {
mergedandler = r.middlewareChain[i] (mergedHandler)

}

r.mux[route] = mergedHandler

ERARTH middlevare  HAUBPINGE, M)A LR IGFE RZ0E " AT o REZAS AL .

5.3.4 WEEEE S G4
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PABIAAT I E GO VS 5 HE S iy

compress. go
=> XFht tp M N AREAT e 45 b #
heartbeat. go
= WHE—AMFRIEH, B140/ping, /healthcheck, FIR&A G #t5 % —IS T B R SSHEAT RTE
logger. go
= ITENERAE G HE, Flunid R (], 7 RE 5
profiler. go
=> H:Hpprof HEMERHI, W /pprof . ~/pprof/trace” F|RGH
realip. go
=> MiF R L Fi B X-Forwarded-For f1X-Real-IP, ¥4http. Request™d fRemoteAddri&H 15 £ fJReal IP
requestid. go
= AR SRAE S P requestid, W —B%iFEfE, FRA AN FEER, T 78 H B f O B i SR T 12
s
timeout. go
=> Fcontext. Timeout ¥ EiBH I (8], FEA4HiETht tp. Request—F&iE L N &
throttler. go
= JBid e KK/ channe [ /7 fif token, il X token X #2 AT IR

B AN WebMESL R 2 0 N (K AR PRPE, i SRR D480, AT LA X L 350 H Sk i e 0, RS E— M0 H 4 A
IR E A IR EIPUll Request.

LA FAR K I giniX MHERL, 3t & T H P ST T R T — A, A 5-9:
gin-gonic / contrib © Watch ~
<> Code Issues 22 Pull requests 27 Projects 0 Wiki Insights ~
Collection of middlewares created by the community https://gin-gonic.github.io/gin/

P 136 commits P 2 branches © 0 releases

Branch: master v New pull request Create new file = Upload files = Find file #

gappleboy committed on GitHub move casbin/gin-authz to gin-contrib/authz (#138)

BB cache [ci skip] Add EOL-warning.

B8 commonlog Add missing user identifier part

BB cors [ci skip] Add EOL-warning.

. expvar [ci skip] update readme.

Ba ginrus Fixed ginrus example code

s gzip [ci skip] Add EOL-warning.

o jwt fixes broken tests (#124)

B newrelic Fixes contrib for Gin v1.0

B8 renders/multitemplate add EOL warning on multitemplate package.

& 5-9 gin g a6 %
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R R ginVERS ), W RES R IgInif R (A 4R AR E A2 http. Handler (2 —A
I gin. HandlerFunc  AUBRECERY, FIATTHIHRN  http. Handler &4 FHA—FE. Aidginf)  handler  tHE
BT ICHESE ) — s 2, o ) 42 ) S5 A w0 T B R —
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5.4 validatoriz R4

X 2245 A A 5-10KI5<PHP:

fusstion rogister()
{
il |lemphy($ POBT)) {
Feag = "';
if (8 POST([ user mamo'l) {
It (§ POST| 'usor password new’)) o
if 1§ _POBT[ "usor. password_now' | =e= § POST[ user_pamssword copoat’]) f
4% (strlen{&_POST[ usor_papaword mew']) = 5) |
if (etrlion(f POET|'user namo')]) < 65 &6 stclen(f POET|'umer name"]) > 1) {
if (prog mateh|'/*[m-s\d]{2,64}6/1", § POBT( woor name’])} {
fuser = road_user($ FOAT( 'user_pame'|)j
if | Iingek|funar| uner_name’ ]
i (§_POAT[ user_ emall']) {
if (etrlen(f_POET[ usor_e=ail®]) < B5) |
if (filter_wvar(® POST| ucer_emall’'], FILTER_VALIONTE EMAIL)) {
areate_userc()i
G_FEGBION| 'mag’] = "You are now reglstored so plosan login'}
hoader | “location: « §_BERVER[ "DHPF _SELF" 1))
ok}
} alma fmag = ‘Yoo suet provids a valid esmall addrpss’)

} alse fmag = "Enail suat be Lenm Lhan 64 ocharactoras’ )
} clae $mag = “"Emall gannot be espty’;
I wlse Fasg = 'Tsornamo alvesdy eciata’)
} alia fesg = ‘Usorpnano musat be only a=z, =2, 0-8%)
} olma €miag = ‘Usernisd Sost bo botusan 7 asd i sharactora’)
} olse fmag = “Papgvord must ba At lésat & charactera’y
} wlee Smag = ‘Fasswvords do not match®g
} olme fmag = ‘Ecpbty Pasnword’
} olme Smeg = "Empty Docrnomn’)
§ SESSION| 'mmg’] = §mag)

}
return ceglater_form{);

/& 5-10 validatorii 2

RHIR—MEF IR, & ST 7B IR OAIRE . Web RS [K Form sl SONE 5z H it — M R i3~ AT
GORE — AR L BRI R Bl RIEWETCE A — D3 Hlk AT ek .

5.4.1 EMERRBEE
BRI B s O 4l ARG 2 G 2 B 7 BRI g5 /1k F .

type RegisterReq struct {
Username string  json:”username”’
PasswordNew string  json:”password new”
PasswordRepeat string  json:”password repeat”’
Email string  json:”email””

func register(req RegisterReq) error {
if len(req.Username) > 0 {
if len(req.PasswordNew) > 0 && len(req.PasswordRepeat) > 0 {
if req. PasswordNew == req. PasswordRepeat f{
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if emailFormatValid(req.Email) {
createUser ()

return nil
} else {
return errors. New(“invalid email”)
}
} else {
return errors. New(“password and reinput must be the same”)
}
} else {
return errors. New(“password and password reinput must be longer than 07)
}
} else {

return errors. New(”length of username cannot be 07)

BATHGo Ry Sl 1 el T B Sk AR o o XA — B A AT L AR ?

IR, 78 (EM)) —HHhEKAEH T H%: Guard Clauses.

func register(req RegisterReq) error{
if len(req.Username) == 0 {
return errors. New(”length of username cannot be 07)

if len(req. PasswordNew) == 0 || len(req.PasswordRepeat) == 0 {
return errors. New (“password and password reinput must be longer than 07)

if req.PasswordNew != req.PasswordRepeat {
return errors. New(“password and reinput must be the same”)

if emailFormatValid(req.Email) {
return errors.New(”invalid email”)

createUser ()
return nil

ARASEE R, FiRRBAI AR T X2 EGE W ER RS, B T A AR 1 R S R RS B i RA A T,
HEATE R NE—A  http  WERWESXA—BEEZALLZM validate()  REL 3B F IR0 BIFRA TR X
Wik 1595807 & Zmlitvalidator.

5.4.2 Fvalidatorfi@&iZE 1553

MBCTHEIEEDE, BAT— 8 2B ISR M AD R TSP S R RR IR 7 SEBATT A T Lodid validatorse s AR . &L
HISCH R A . O T RMAE L, Bl it json tag &g«

ZERFATIIA—AHifvalidatorfE:
https://github.com/go-playground/validator

import ”gopkg. in/go-playground/validator. v9”
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type RegisterReq struct {
) FLFERE gt=0 FRKEDH > 0, gt = greater than

Username string validate:”gt=0""
// [k
PasswordNew string validate:”gt=0""

/ eqfield P& BEHSERT
PasswordRepeat string  validate:”eqfield=PasswordNew”"
/) Bt email AR
Email

string validate:”email”’

validate := validator.New()
func validate (req RegisterReq) error {
err := validate. Struct (req)
if err != nil {
doSomething ()
return err

XA T AR AT SR BE LS5 2 TS Y
it

validate ()

PATRE L — TR, MASEREN:

//...

var req = RegisterReq {

Username : “Xargin”,
PasswordNew : “ohno”,
PasswordRepeat : “ohn”,
Email : “alex@abc. com”,
}
err := validate (req)

fmt. Println(err)

// Key: ’RegisterReq. PasswordRepeat’ Error:Field validation for

// ’ PasswordRepeat’ failed on the ’eqfield’ tag

MR AXD  validator
o fitag i TN RS e ], B T LEATIR R .

5.4.3 R

PEBEROHRGE B AL, FIInEHEsRME SR

BRECT o A R B T IR ARG 4% AR AR LA

[EIES Y VR 1% N VAL AR 2 T5 5 G A 1

MEH KRG, B DGR RHTT VB O — R . B IRATA U0 R R SRR -

type Nested struct {
Email string validate:”email””
}
type T struct {
Age int “validate:”eq=10""
Nested Nested
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FERXAS G A — R, WA 5-11:

struct T

~

Age struct Nested

Email

/& 5-11 validator #f
MBI T RKE, TR TRATIR FH IR B S 2R 2 ) AR S48 2 R IR AR G M R B R EA T3 5, #2 mT AT

TATRG —ANIB I BR P AR S48 28 7 A3 7 1«

package main

import (
”emt”
“reflect”
” ”
regexp
” ”
strconv
” . ”
strings

)

type Nested struct {
Email string “validate:”email””
}
type T struct f{
Age int “validate:”eq=10""
Nested Nested
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func validateEmail (input string) bool {

if pass,  := regexp.MatchString(
(WA \_T{2, 10 e(\wi{l, ). ([a~z]{2,4})$", input
) pass {

return true
}

return false

}

func validate(v interface{}) (bool, string) {
validateResult := true
errmsg := “success”

vt := reflect. TypeOf (v)

vv := reflect. ValueOf (v)

for i := 0; i < vv.NumField(); i++ {
fieldVal := vv.Field(i)
tagContent := vt.Field(i). Tag. Get(“validate”)
k := fieldVal.Kind()

switch k {
case reflect. Int:
val := fieldVal. Int()
tagValStr := strings.Split(tagContent, "=")
tagVal,  := strconv.Parselnt (tagValStr[1], 10, 64)
if val != tagVal {
errmsg = “validate int failed, tag is: “+ strconv.FormatInt (
tagVal, 10,
)
validateResult = false
}
case reflect. String:
val := fieldVal. String()
tagValStr := tagContent
switch tagValStr {
case “email”:
nestedResult := validateEmail (val)
if nestedResult == false {
errmsg = “validate mail failed, field val is: “+ val
validateResult = false

}
case reflect. Struct:

/) WIERBENIRIE struct, HSAIREL G

/) AR — NI R

vallnter := fieldVal. Interface ()

nestedResult, msg := validate (vallnter)

if nestedResult == false {
validateResult = false

errmsg = msg

}

return validateResult, errmsg

func main() {
var a = T{Age: 10, Nested: Nested{Email: “abc@abc.com”}}

validateResult, errmsg := validate (a)
fmt. Println(validateResult, errmsg)
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XEEAVE RN eq=x R email  XPAMtagHbAT T SRR, U AT LSRN AT B A e LA R BT
validateZ k. N T ERR R VAR TR B 24 A3, fldn reflect. Int8/16/32/64 reflect.Ptr %%
UM ARER, D SR A e IR G S RS IR (1, 15 25 MM Th R IR SE s A4

LETT— /N A AT IR IR A D e R B LERRATIX B 7 S 2 o RS BRARST 8, sl PSR X SR (At AT T i
Pio A OB IR AT REL A — A L AT S A AT R IR N KB 1S, TGO RS EIERE EANK A, AN
HRE LR AT IOMERE . XFERIG BRI S A — Ll B, (E T 200 G5 R EEAT AR 3 SAEAE B Web i 55, XL
FFA s R BT RE ST, SEBR I RCR IR 2 2 M pprof e 5 JURS i 0 47 -

BRIE T ST RIS LI O 1 URBRSS (R RE RSS2 707 DUAEARAT — AR m] ARG St 8 11 Go i & i Parsert 54 Ui it

AR, AR A AR A R PR () 5 SO R B ARG o FRATTAT LUK AT 5 BRI I A R AR AE B K L A . IS o i H AR R
T
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5.5 Database F¥HEEITCE

KAKERS  db/sal B OTAREEEAE— LS ST, I L) 2 T IEORMAISQL Builder. 3 M Ak R I FF
BN ) ZEAE ) A3 FE R 2 AT A AR AOS F BLA IR Aol 205 B D 73

5.5.1 M\ database/sql iz

GOoETr#efft T  database/sql  ELokegs L HEAT R 4TSS 0 1A, database/sql  PESEPR AR T — B
JERIER ARG, BN R4 FSQLTALH (prepare) , HEHGLEH, HEghe, 55, MRS, B IFRA RHLEE
SR HHE P S PSR o

AR FHH A, BlInMySQLITASE, &/ 2/ 5] AMySQLIIRED, & R iXFe:

import “database/sql”
import  “github. com/go—sql-driver/mysql”

db, err := sql.Open(“mysql”, “user:password@/dbname”)

import  “github. com/go—sql—-driver/mysql”
E&importif AT mysql B init R A FHERIRE R

func init() {
sql. Register ("mysql”, &MySQLDriver{})
}

£ sql  AMAR  map B mysql  REXANMELEM driver M. Driver 7 sql  fHE—E
I

type Driver interface {
Open (name string) (Conn, error)

}
W sal.Open() iR db X EELEXHEE  Conn

type Conn interface {
Prepare (query string) (Stmt, error)
Close() error
Begin() (Tx, error)

WRE—AMEO. MRRAFAAR  database/sql/driver/driver. go RS RIL, XA BTG KRR &2,
FHX LA PAT A, ISR AR driver BRI

MR 