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MIERI 23 Go

MIEARRS 222 Go

1.1 \EREZEEGOo
KRPE M2 ELXGoEFH —EMALR, MHEETErRENHEIHE . Kk, RHEFENERE2Z3HGo.
GolGig 23

TEGOBEAIS h, AR M Plan 9 CHIAT&TILS S (1, ISR L IR EAR MRAYD 222k, b i 223 I i TR
fEMac R, HRER%EE T Xcode, #ila s AR M % T H

ERUNIXRG T, TEzdgecE TR, flinUbuntu R @ E L #47  sudo apt-get install gee libe6-dev K
AR T R,

EWindows £G4, RFHEZELHEMINGW, ARJFEIIMINGWZe3igee, I BN A,

Gofli fl[Mercurialllhg AT AR B, 1 ek Fi %% T Mercurial, 2RJG4 e F#. BRIROL %3 Mercurial, #4710
IXANEE

R&E LN T Golfy 23 H 5% $GO_INSTALL DIR F

hg clone —u release https://code. google. com/p/go
cd go/src
. /all. bash

iz17all.bash /5 HIL"ALL TESTS PASSED” “FHERS A 5 2R i 1) o
R RUNIX KR A4, Windows R 22507 ML, R Zizfrall.bat, ]I PE4EMinGWiIgcc.

R ICE LA,

export GOROOT=$HOME/go
export GOBIN=$GOROOT/bin
export PATH=$PATH: $GOBIN

BRI B R B R 28 2
K11 i 23 2 Jr AT Godir & I &

R BlGoUsage i B, A RMGo L4 % i) 1 MR BiZar & ATEfE, A WA E — 1 H CHIPATHIAE AR s
EE T Goff s Hk.
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B E LSRN L Go B AR A 52T, WisliceMmap.
=N HGOE T R EEE P

HIU S runtimeYIiE L R

#5115 £ goroutine i .

HNE TGO F R A
BT GOIE F L i A A5 M T S

B\ TR I 4 B 1 S

FELEPFcgof I — LR

H R
HERHIP TR

AR GEREA R M ERIE I R . K2l DAL L, W AFEFEE, goroutine i JE 55, M KE Ll Jn ik il 75 22 5
T2 1T 0 — BB BERbAR, Lo lncg o 25T T A HI THT R A FH B s TR — S8 iR, 58 - 5 v A5 465 ) ot e 5o i T P A7 5 LA
goroutine fiJEfG—E 1 T .

HELE I B3 05 sOB R A SC AR, I Oy — e 3 as,  thal DL R Bk A SO BR Z 4 %

SRAHTER N T RGOV & BBl A B R S Go MV R oKk 70 o I B 2 ST F F045 31 10 4R o e BRI R iR
.
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FEARFTG

1.3 EAHT
A GO N SEIL, 1% BA 40— L AR H T
B SR IRARAD
Goif & MEARRE AL i A — LA . BE 325 fE$GOROOT F:

- . /misc —ET H

= . /src PEAREY

- ./src/cmd AT E, HE6e, 61, 6g%%%. HnfTMlgof4.

- . /src/pkg &packageR RIS

- . /src/pkg/runtime Goffjruntimefd, A2rHr i 32/

— AUTHORS — 3Cftf, BJ7 GolrS1E&E IR

| - CONTRIBUTORS — 3, 55 =Jisnik# %

| - LICENSE — UM, Goil & RATAIML

| - PATENTS — 3(f4, L&l

| - README — SCf4, READMESCE, KEMEM. $#2—TF, L% AU GoB MATAFFM, Ea7p? 5L, {EREADMEHR#LE] T
XA, ZCHEASR R, dnSE T2, T B GOROOTH AR iy AR ARIGGoAE T /usr/local /goH, WA LAAREEE
ZAEEAE R (Windows FAEC:\go) o 8K, HUAEA AR A B EGORO0T. F4t, LR$GOR0O0T/bin?EPATHH .

| - VERSION — 3CfF, 4RfGoffiA

| - api — H3E, HW&HAAPIFIE, J7{HEIDEMREH

| - doc — HZE, GolEFMEMIE, BN EAR, REEASS, XN tAdn AER” Fr” . XEEAA
AIA IR, Helngopher FlARZ 2K 11

| - favicon.ico — XA, BEMlogo

| - include — H%, Go A T EARM K 2E ) S S0

| - 1ib — H3¥, UK

| - misc — HIt, HAbW—TH, HATFRME, K2 SF R IIGoE S X, A cgolIBlF5

| - robots. txt — XA, &5 #Erobots A

| - src — HE, GolEFig: EATH (s | hrdikE

T - test — HF, BAHEMREBWRARET GFIE test. gof M HICIER, /R Fmain@ i) , AFE—LfixbughlliX.
AL DRI AN 2 ) SRR O

]GO F NN, L BAKEERHEACRD I AT, 7 LAB S ARAS R AR 1K 7 30 linus iR 2 A 2% > Linux A RN B 36
Read the F**ing Source code”.

5 F A AR

HHitgdb N A, ERERFERRIAT . AR 7 SO AR B 5 1 — A A B T B

AP F27Emain.main, runtime e i 1) s 2007 LLE IS runtime XXX s 3k . LbinS — 4 test.go:

package main

import (
" et
)

func main() {
fmt. Println(“hello world!”)
}

A SR RSO (www.topgoer.cn) # - 7 -
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P, I

go build test. go
gdb test

Al fEMain.mainkk N, HUSHAT, RERIEEN T —/ N runtime-convT2EM &£, X NaE - fmt. PrintIini2 5219 &
—/Ninterface, Witk AR —A string, X HESM—ANEH . DUXASA—AN TS LIRS, FnT UL 7 Goil & b Bk i
%% Hinterfacedi 357,

ST A B GRS

HRRAMT 2 1A AT AT, 3R A A BT S 7
go tool 6g —S hello. go
SBHEFATAMI ST, HLBHAULE- SR .

go tool 6g ~h

SR USRI T4 S+

go build test. go
go tool 61 -a test | less

AP Eamde4bLay, Wi 2i386MHLEE, a4 E8g

T EE R 69 1-SAE B AN g AR RI61 -a 4 i ST i AL AN K —HE (0 AT 2 BRI AT S, o X T 3
AP SCPEREAT IO o AEGUIATHE R AR, W RE S8 SRV G OISRt LA N T4 2o B LGS I g Hh ok 1 A e Bl L s AR i
{7

AL GoMIIE g AR HI A AR 2, ARSI ARSI A 0 — 5, g gdbif ki FE b B0 4

gdb test
b main. main
disas
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KB P RATR A — T EANEIR S, HEGoll 5 WE NI, X RIIRIERN, (ERBL e AT HE 2,

PATR M IEA R ITT G, Goifi 35 A HL 7 BRCHT S AREAL, B CIE S AR ZA B AR X slice A
mapfs— Bt . ArEXE, Ramibslice e —Magh, Bramkd &5 =M 7.

L, AEFRATITAGE !
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AR

2.1 FEANRE

TS RGO FIE, AR F Gorl i R THUAR Bre P 7 T A JR S 4 T W A A R
ST LA RIG ] F
1 1= 1234

int

J o= 1int32(1)

int32

f := float32(3.14)
float32

bytes := [5]byte{’h’, 'e’', "1", 1", "0’}
Rle[TTo] [51byte

primes := [4]int{2,3,5,7}
| 2 3 5 7 | [4]int

A g T MInt, ENLETH—A320F K (word)FoR. (3241 W AEA Jm 77 )

AR T OB, JE Tint3228 8, RAFINA BEMER N R, (R8T ARKZEE: ERE 1=
Je— MR, AU BRSO 5 i=int(j)

A flE Tloati %Y, Goili s Huifli 3207 flEE£ R~ (float32). B 5int32/R1%, (HEN LA,

ok, ZRbytesiyRIZ[S5]byte, —MHSATHMMEA . THRINAFRRHZIER RSN TA, FRCHEL. K
Hi, AR primes E4hintE4 .

Mtk st
S5CHIFIM S5)ava 2, Goif 5 iLfErF fvue i FFaEr. Z86Ikit, KRR e L.
type Point struct { X, Y int }

JeRE L —AME L struct3e Ay, ZohPoint, RN AE T AR AR B

A% SR 3 RSO (www. topgoer.cn) #%E- 10 -
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p := Point{10, 20}
| 10 | 20 | Point

pp := &Point{l1l0, 20}

q*pm nt

| 10 | 20 | Point

Point {10,20}  Fom N OHHRMLAIPOINtZEAL . X & HEAT UL 2 7s — MR 1 MR 73 BC AT 4 AL i Point S TU R 4R B . Al
BENFEPRWAE, 10552 — MR PN REE

SERIPRIRIAE WA 2 R AIRE RS

type Rectl struct { Min, Max Point }
type Rect2 struct { Min, Max *Point }

rl := Rectl{Point{10, 20}, Point{50, 60}}
| 10 | 20 [ 50 | 60 | Rectl
r2 := Rect2{&Point{1l0, 20}, &Point{50, 60}}

N\

| 10 | 20 | | 50 | 60 | Point

Rectl2— A HAFAPointE R B EM 5 ik, MIE—17 IR MPoint-PUANintfR3E. Rect2@—MHEAH A #Point KA
JRIERIEE A, PRI *PoINtR IR

ML CRIREF A ATREXS  Point Al #Point  HIRREZEARE, (EHH)avamkPythonfIREF RA T REBL AR A B

T Goifimsy /RefF REARNAE Z MRS, R4t FiE2aE7), st e B g RS E R WEECHIREL. A
177 R DU B SL AR F5 R T 20

TRE

A 7T e, IRAOTE T LUT AR T 7T AT Mt B R 1.

s := "hello"
| -« | 5 |string

pir len

lhle[1]1]o| [5]byte

t 1= 5s[2:3]
| « | 1 |string

RS 3on S22 SR (A RE LT LI FE0)

TR TEGONE S WP A2 K IR S s S — N8 1 5 T 17 B RGP — A KR ¥R . [ J9string
SRR, 3 TL 7R IEER AR R 20, VARIE  stelicf] | S5 MER27 K, —A 6
R IR AR EL 6 o A =545 F CB_E SCU17 R SC) FE E KFEMOE  RR 75  F o 10 90 T LATE AR 14 1795 B o S 45
0 SRR 8 )20 O S A T8 F A

ARSI HB R SCRS (www. topgoer.cn) - 11 -
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(BLAJEAME, 1EJavaflHAbih 5 BAT —MT 2 BEERIE" . TEIR BN A AP R IR ORAET, XTI 77 8 (1 51 FHAE A7 P AT 8R
TRAFE SE R IR T R - NI RS 2, GOt X AN B 53— Jrii, AV IMESURIG T 2, R
BIEAEAA B BB — ROMBCA— IR AT AE RSB At S 1 I 4. )
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slice

slice

2.2 slice

—slicert - AMEAIEA T MG ENFFH, wR - DEIMNRING Ik frslice 5 MU RIE, slicelk
FZ, UAleslicelAE . KEE MAREAEI ES, ix(1Rie 2N B, BB FIBAEI B, dix(ilhjARER T A&
x := []int{2,3,5,7,11}
L~ 5 | 5 |[int
pir len cap

| 2 | 3 5 7 11 | [5]int

y 1= x[1:3]
[~ [ 2 ] 4 ]int

Bl WsliceF AL IbRZ i —mHd, © RO E S, OF 7R MR, SRR AN R E R
WRSEI AT, BB AW LR wUEIE T — D ERROE DA R, KEMAE. EFlrd,
X [Jint{2,3,5,7, 11} REHFELQE—NEE L MEANEA, IFBEXRIERER XM . »HIRE

X x[1:3]  FFEAREEZREGE: & RS T Hislice st 1 8 Mok 51 FIARIMAE G650 . E61 T, KERN2-HF
yIOIRY[ 112 AR S|, (EREENA-y[0:4]0% A B FIFE .

T slice AR TIRE I 2 7K G, T EHERAEIFA TR EAAB AL, EREBAEFE RO P RIslice ki, IXFhFR T E
sliceffEAIECH R, KX — BRI, Goif & i — M LRSI 3R EH Rk FoRslice, (2R FHRIAE S
sliceffF A2 /e —HUpT A AE T R RV AR 0O 8%, B2y BRI 851G 1R 2 B0A 2R AR . FERRI)H% 5]
P By BEdAE T Lhikslice S BN, DAkttt AR 5.

sliceI &

Hsislice/EGoa AT gt & — AN CilE S ah S H 4L sel, fE$GOROOT/src/pkg/runtime/runtime.hdn] L& F'e 152
e

struct Slice

{ // must not move anything

byte* array; // actual data
uintgo len; // number of elements
uintgo cap; // allocated number of elements

fEXfsliceiltfTappend S HAERT, T RESE slicef H ANy 28 HA AT (KR NI 2 <

. R NSRBI R

o TEERCLFHRAE: AU ST NT 1024, B, TR AT N LA . B I MR R T
BN

makefnew

Gofi I Hula A I BIEE R . newRlimake. P I DXCHITES: > GOl 5 FIMIIUIRE — A8 WL AGIRE Ao ZEAS 9 X5
& new(T)  RE—A AT, REIFEXAEE T DA ST (BIR R EAEF) o 1 make(T, args) iR

AT RS A B R SCRS (www. topgoer.cn) - 13 -
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Bl — AT, JEHERFLT, TARA LR (BRRRETL « —fE, newiREl— Mg LIS F W F IR
mmakei& 8l — R 45 .

new(Point)

*Point
0 0 | Point
new(Rectl)
*Rectl
0 0 0 0 | Rectl
new(Rect2)
*Rect?
e | o |
new([]int)
*[]int
e | 0 0 |

make([]int, 0)

L = [ o[ o |[Tint
| [01int
make([]int, 2, 5)
L - [ 2 | 5 |[int
) 0 0 0 0 | [5]int

BT D KO, (R AT RS SC/CH -+ S BB R, &% make D) | IR —AME FHF AR
TiE Kk, new(Point)fS Mmake(*Point). (ks e A A fTIIE 1 A B R —RE T, FLlGoltA
KRR

slice 5unsafe.Pointerti E##

AT T B i AR — S b ctricky (TS, HhinF i make s —H A7 H OB, B0E Hcgo RNy GBI A7, Hedil
GO UM,

Mslicerh 5 2 — B A7 b2 1R 75 5 1 -

s := make ([]byte, 200)
ptr := unsafe. Pointer (&s[0])

A% SR B R SCRS (www.topgoer.cn) i 4E- 14 -



slice

=AW ARE 3 1 Goil & RYslice 45 FIADNS BRIGU— 28, L Herh —Fh 7 5K

var ptr unsafe.Pointer
s := ((x[1<<10]byte) (ptr)) [:200]

Joks ptr BREIRAVEEHON S —RdREr, — AR [1<<10]byte  HUAMIREN, X EABARDILISRER . 285 Hslice
BRI XA AL ET2004S, T4 s e —2004 e Mslice.

e peeL bW

var ptr unsafe.Pointer
var sl = struct {
addr uintptr
len int
cap int
} {ptr, length, length}
s := *(*[]byte) (unsafe. Pointer (&s1))

fEslicelMKEZME ok, Haddr, len, capBEitd, BXAEMAERSs. M E—F57k, R L £+
capEINEA, AR RIS+ 5kr Fl1<<1053iZcap.

a (i freflect.SliceHeaderft 77 ok idislice, LB IX A

var o [|byte

sliceHeader := (¥reflect.SliceHeader) ((unsafe. Pointer (&o0)))
sliceHeader. Cap = length

sliceHeader.Len = length

sliceHeader. Data = uintptr (ptr)

A SRS T b RS0 (www. topgoer.cn) i - 15 -



mapH s

map H s

2.3 mapHjszE

Go [imapft i /Z & W AR SL8L i, /RAILLYE $GOROOT/src/pkg/runtime/hashmap.goc #5523

BAREH

W A 2R A B Gt R vp — S SC R R B A s -

struct Hmap
{

uint8  B; /) A EAZR482 BN

uintl6 bucketsize; // FEIHHIA D

byte *buckets; // 2 B BucketsHi%iZl

byte *oldbuckets; // Fi—T‘buckets, RH4IEHEN A AN
};

T4 SR R R HmMap iR . T B E R AR, X B A2 Bucket B4, AN R Bucket* fa4t 144 .
XERRE, H—ABucketflg i HEE I Bucket /5 AT LR H . 25— ABucket/& H I —BOE S A AE 23 0], 1M i 1 ¥ HH BE 1
Bucket ()7 i) & {f FHmallocgc /AL 1

XA hashZ5E FH 0 — DAY RIS A HIEE, dHhashffimod4fiThash % KN e 3 — M@ TN, mhash#® K22
Fofes, B Emss i 2B BHRY S, S RE| EOR/MYHRT . S kTE — S bucketsFl—/~oldbuckets 2 ik sz
PRSI, IERTE0 N EEME Hbuckets, fMioldbuckets iz, MR 4FIMAFH R IEAEY 24, Moldbuckets A h%s, FH
bucketsK/Eoldbuckets K /MU .

FARIIBucket&s Htn K irR:

struct Bucket

{

uint8 tophash[BUCKETSIZE]; // hashfEHI&E81r. . .. CiMbucket Harray & i Fbucket
Bucket *overflow; /) SRR, IR
byte datall]; // BUCKETSIZE keys followed by BUCKETSIZE values

HABUCKETSIZER %5 L HI8, HA-bucketd {7/l %£ 8 key/valuext, WL T84, MaHiE— NHiftibucket, Jf
e 52z A fbucketsEte K .

Tirkey FIZRRUR AR N (i hash 745 Elkeyfihashfii. KhashE AL 4 EHmapdi ik Fbuckets¥4iffiindex, K Flkey
JrfEffibucket. ¥hashi@8hif7 ke T bucketitophasht. H&, XERSMARFKL/Ekey/valuetEbucket B
offsetf, MREN TR, EERF N tophashBHKE—MITIRMFILEE . stithashii @i Sbucketi
tophash[il/2 M4, WS A4 i bucket 28I likey 55 fiTdh (fkey & AR S . InSAHAE,  UER [IJEX R fvalue, &
2., ffoverflow buckets %8 ik 54k 8: 54K

HEAhashTF g an ~ YR (i 56 R 7 XX 22 m i B, XA B R ) «

2.2 HMapf7fik 4k

TEE—4H77 & Bucketkey/value TUE T, &¥keysE—ite, valuesiiE—ie, AftaNtkey Mt valueit/t
—iEIR? WAL A, kA ptkeyl/valuel/key2/value2... A LIHZ X — P maplint64]int8, 2 & F|74ix}

ARSI B R SCRS (www. topgoer.cn) - 16 -
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7 SIRVARZAFRES ] AMEA YR LRI —A/NATT, W LUE HGofE it LR B IE,

KGR A I A 3Rt LA (RN 6], 5 190 3o P LB ERAFUIE K AR 9 0, I A 7 3R 2 J i 7 AT 7%

WY BTG R KN N2, TRZIGIHRAN A2 (B+1), FRY HHANERKANIPIE, W5 R I NGLE N2
f&, WA (hash mod 27B)%4 T (hash & (27°B-1)). AR BAfIILIZ S, B4 1 HURERLE.

BT B Z RN, PRZJGRENY, WTFREAGFEhash, —BE5 T (hash mod X)4% T (hash mod Y), FrLly™
B2 RS ER A R B . Mhash&S A28, TSI 1 pair EHAA HHtable k(R Fx
Z Nevacuate), XANTAEIEAEY B2 /5 —IRMETER, MR&ZEBITER (TEinsertfiremovelf &k 1-24-pair) , Go
VB (R R

N A SRR EWE? BRI map B A A BN ). AR FATT B H A map FH AR REA i 187 SN P SR AR i i we b b A7
fitt, WARARMBEYE, Amap R TRRL 25, §AEN RGNS R, SBEUK BN A EER R iR A
R AR B R RS T A N TR 0 R T O A A T

PR AR FR MR AL, K IHfbucketi BIFIR h 25, IFALK IHKbucket holdbucket ik, M2
= EMEREIRIC

IE A TR AR 2B e G, XPEs S S8 i Eold tablerf, —#k/rfEnew tablerf, Jirbixf T-hash tablef
insert, remove, lookup#fEIALFLIB A =52 m . JAT U AT bucket# MIHRB 2L )5, 42 oldbucket B,

PRNIRTER T2 20 ? fRgrow RS, s A FRMR,  WREAA grow, 2RIRZ foverflow
buckets, EHRMAFEM S T, XAPE SR (Egorh, XA-FE sU2E — A ¥ (#define LOAD 6.5), B
HRERE, wtabledf LR ECK TtableFRERPILR MADEL 2 mtfiA —growsifl. MAXA6.5-EAM
R ? JFORIXAMERIE TAEE 0 — NI URE R, RS B R B OGRS, AR gl 1Bl 45 28

LOAD %overflow bytes/entry hitprobe missprobe
4. 00 2.13 20. 77 3. 00 4.00
4.50 4. 05 17. 30 3.25 4.50
5.00 6. 85 14. 77 3.50 5.00
5.50 10. 55 12.94 3.75 5.50
6. 00 15. 27 11. 67 4. 00 6. 00
6. 50 20. 90 10. 79 4.25 6. 50
7.00 27.14 10. 15 4.50 7. 00
7.50 34. 03 9.73 4.75 7. 50
8. 00 41. 10 9. 40 5. 00 8.00
%overflow = percentage of buckets which have an overflow bucket
bytes/entry = overhead bytes used per key/value pair
hitprobe = # of entries to check when looking up a present key
missprobe = # of entries to check when looking up an absent key

DL 2T — AL 91
BERIE

1. Rffikeyit 5 hashia.

2. WikAfr{Eold table, & 4:ftold tabled &4k, WiikF|FbucketZevacuated, ¥ FPIE3. K2z, REHXTR
value.

3. fEnew tablef &t M fvalue.

KR =AM T EFEE T AMAEGE RS LUMEA F T Z T bucket/E £ 4l index, B4 i & FH Fkey/valuleft
bucketpy#fffioffset. st w8 A& HFoffsetry, i HFintkkey M .

SRS b R SCRS (www. topgoer.cn) - 17 -
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do { //Xf#E1 b
/IR EE B A OB —TRAZ L HY tophash -5 BT SR Fhas h{E & {7 42 7 A4
for(i = 0, k = b—>data, v = k + h—>keysize * BUCKETSIZE; i < BUCKETSIZE; i++, k += h—>keysize, v += h->va
luesize) {
if (b—>tophash[i] == top) {
k2 = IK(h, k);
t—>key—>alg—>equal (&eq, t—>key—>size, key, k2);
if(eq) { //HIZEHGIEIH FH L fikey FEEL. . .
*keyp = k2;
return IV (h, v);

}
}
b = b->overflow; //bREAEH] T — Fii Gt
} while(b != nil);

WAL

. REkeySihhashif, #EfifE Hxt B bucket.

. nkbucketftold tabled, #ILHEFi#yIZInew tabler.

. fEbucket, EIREWMME, WIRCS,AEFERANKey, FHILxRvalue,
. R¥Etabled mZm /ML, HIBHZ S grow table.

IR Riffbucket L& full, EHTHIEHIbucketfE yoverbucket.

. Fikey/value pairifi \ Flbucket.

o U ks WN

X EAA U 2R N

EY i fEd, oldbucket/Z2#iik4i, kil 7oldbucketh &k, (H AL oldbucket #i AN . Wk Eoldbucket/2
H A TR key, MUK EIT B #H bucket/s N Aevalucatedbrid. I HIESHIMNITH 5 —pair.

SRJE R REAE S bucket R BIEE — AN 47, i fikey/valuedfi NBX AN E . & 47 B AT bucket iy I ¥4 8 5% )5 THI
(1 GRALT- Tt R e et PR BRIN 1% 7 2 —, B Ene s 0SB SO A 56 oA i) . #2101 AR
key sl AR B 55— A AL T DA I 1o AR IX R MU RIS 0 20 5E A i T bucket I A i i E 5 AT AR [l key %
A ER . UL H BT map it A i A TAC AT, BHBR R & Hodf Ak — L&

map it RIEERERAL

Bse map At RBLE B R T RS W R . AR THIR, YR BRSBTStk 5 2.

HMapHZBucketlf £, MiAEBucketfREH &AL . GF A THIE 0T Lh— R oK A7, I8 T 43 B s, e 22 Ui
mallocgc. HAHRIIE A, H—RuTH EIG A MEIE IR A RAETER, ¥ 930 23& SOt B A2 M #5 DL (Can SR sz B
BucketfR4t Al e LT, RI/IMER). H o Mbucket 5 JETHIFAA TA 8. XA EMIRE EREE L —
Ao BRI R S v T DLELIEMN R, T T E A bucket, %45 FevalucatedsE eSS, A oldbucket N #E4T .

AT H i freelist®E HIMER (045 5. (EFALXAIN T —ANTODORIVERE, AR T — R Mg = A K. BA—J7H ),
bucket K/NFA—E, EHLLBRG. 5— 7, TEAFME LMo NABRseIl 7, B BLIX B SR F 2 /8 A A7 2 Fo A —
JEBE Y,

bucket# zkey/valuefillilEzkey/valuethift . XA L. FEEEMRBS KN, Wiikeyskvalue/h 128577, M
TR A A i bucket/E ARG . 75 W bucket s 7£ 6k 1 A2 45 17 e brkey /value B (454t

bucketff8/-key/valuexf. EIRINBATIRFF AL, 55— ORBLE AL SR A R offset, M@ T AntRELELT . 5E fr 3
bucketz 5, &R MIT A ARSI, JFHAAFAAE A, SEAEAT. BT bucket UA8AS, P LLE T okt AN
g1 ATIERIEO(L) AAKL AT R FCK — w2 1o M ThashB)—ANER 25, AEIXAS /N NI A

FAMERILAL . BT D238 1, A A ZRBIME I key 2l 55— D20z, bucket B AL — AL LRI Fkey, i 1Hi#

i U IR, Sebr EANE A ) . MRt % 2208 1) SE P bucketiis 1 BE 1. X FEmap B R AR AL . 5 R
BB AR, XA MIZS IR G L .

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



map L

EEIBH T BA2ATODO: KA LT Eemptyffibucket&JF; tnfitabled it &R, #Eshrink table. (HETaIlfEfsL
AR R r)grow).

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



nil

Nil

2.4 nil i X

fra? nibE—FEERA 47 b ibele, B dms. AMUOGEGoEFE b, FEITEF Pl AR R, EA
RINEHEMIE S

HEAFES T, FRFXMESEEMHAE . thinfEschemeifi 5 (—Filisp i 5)4, niliZtrued! mMifErubyif s, —I4k
RN H, ENIRE A G FECHNULLERO 254 .

RGO T T, AT RRAERYTAA I #X N —ANZAG: A7 /RK A e false, BAUEO, FRFRL"", MmiaE, RE
interface, slice, channelflmap(fZ{E#4FZnil.

interface

—AinterfacefE B ARATVIMAAES, XN AEZnil. HEZY var v interface{} ,

PR v —Anil. ERZEFM L, ek SZARNRRE, interfaceffi %,

var v *T
var i interface{}

i=v

MeitiE—Ninterface, ‘ERMEAZNIl, {HEH S ANl

Gorft[¥error L St & — AN S T Error /7 1 1 :

type error interface {
Error () string

}
Rk, AT LLE & A error:

type Error struct {
errCode uint8
}
func (e *Brror) Error() string {
switch e. errCode {
case 1:
return “file not found”
case 2:
return “time out”
case 3:
return “permission denied”
default:
return “unknown error”

}

R FRA XA

A RS A B RSO (www. topgoer.cn) i 20 -



nil

func checkError (err error) {
if err != nil {
panic (err)
}
}

var e *Error
checkError (e)

efenilft, {E/2 %A IcheckErrorts sl 2panic. iHiE& B%— N 42
M2, interfacefRCiE & MRE —FEIEH R9G, KTHME X, WIREHE —EESHEE TN, FEER.
stringfislice

string 282", ERARMNIILLE Y. RIERZEMstring, EMRNMURFH LSRR, slicett 28, ERHEEIAZ
—ANEREE MRE R RN A, ERslice IR/ =AML T

channelfimap

channelifiistringslislice i L6 F, BAEMR [ RJE—/MBEE, SLPRITEIEE0 & B FREr Frda m (HE L1 .

fRchannelHSGIIHRIERT . WL/ 5/55M . channel RAIEGIAEHLENil, RATIGLIIchannel 2 AREMEAIK . il E—2Lt
AR

o EEE S~ nillichannel (i E1E £ ks 2 .
o E—AKMPchannel & LR Fl—A~channel e =R 1]

o H—AXKMHKchannels $Epanic.

mapthiEfatl, SEhREdR e, RATGIIE NIl

ARSI HB R SCRS (www. topgoer.cn) - 21 -



BRI 0 FH B

BR 50 FH P15

2.4 nil i X

fra? nibE—FEERA 47 b ibele, B dms. AMUOGEGoEFE b, FEITEF Pl AR R, EA
RINEHEMIE S

HEAFES T, FRFXMESEEMHAE . thinfEschemeifi 5 (—Filisp i 5)4, niliZtrued! mMifErubyif s, —I4k
RN H, ENIRE A G FECHNULLERO 254 .

RGO T T, AT RRAERYTAA I #X N —ANZAG: A7 /RK A e false, BAUEO, FRFRL"", MmiaE, RE
interface, slice, channelflmap(fZ{E#4FZnil.

interface

—AinterfacefE B ARATVIMAAES, XN AEZnil. HEZY var v interface{} ,

PR v —Anil. ERZEFM L, ek SZARNRRE, interfaceffi %,

var v *T
var i interface{}

i=v

MeitiE—Ninterface, ‘ERMEAZNIl, {HEH S ANl

Gorft[¥error L St & — AN S T Error /7 1 1 :

type error interface {
Error () string

}
Rk, AT LLE & A error:

type Error struct {
errCode uint8
}
func (e *Brror) Error() string {
switch e. errCode {
case 1:
return “file not found”
case 2:
return “time out”
case 3:
return “permission denied”
default:
return “unknown error”

}

R FRA XA
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BRI 0 FH B

func checkError (err error) {
if err != nil {
panic (err)
}
}

var e *Error
checkError (e)

efenilft, {E/2 %A IcheckErrorts sl 2panic. iHiE& B%— N 42
M2, interfacefRCiE & MRE —FEIEH R9G, KTHME X, WIREHE —EESHEE TN, FEER.
stringfislice

string 282", ERARMNIILLE Y. RIERZEMstring, EMRNMURFH LSRR, slicett 28, ERHEEIAZ
—ANEREE MRE R RN A, ERslice IR/ =AML T

channelfimap

channelifiistringslislice i L6 F, BAEMR [ RJE—/MBEE, SLPRITEIEE0 & B FREr Frda m (HE L1 .

fRchannelHSGIIHRIERT . WL/ 5/55M . channel RAIEGIAEHLENil, RATIGLIIchannel 2 AREMEAIK . il E—2Lt
AR

o EEE S~ nillichannel (i E1E £ ks 2 .
o E—AKMPchannel & LR Fl—A~channel e =R 1]

o H—AXKMHKchannels $Epanic.

mapthiEfatl, SEhREdR e, RATGIIE NIl

AT RS HB R OCRS (www. topgoer.cn) - 23 -



Golfi HILgw F1C

Go i FHC4mA1C

3.1 GoAHC4FIC

HEAERICRIPRERE 4, Gorbid il DLELIR M RN 4wt 5 (1 JLSDE PR, GoRISAT I Rl & I CAC 4w s B
GOMAGERENS M BV EATN . 298, S —SWHUAMRLIA, Xl v B H B

GoH ALY
R FRA M —ANCm A R I E R B 1 6GOPATH Isre R —add Bk, ARJEEZH F A add.goft e, WAL

package add
func Add(a, b uint64) uint64 {

return atb

}
A BRECK P Uint6 AR BT AN, FFR AR . JATS — DR R B E, AR

package main
import (
" emt”

radd”
)

func main() {
fmt. Println (add. Add(2, 15))
}

FILVE B TERONLT . S, B TORAERATIMERAdd R B S8, B e o)

package add

func Add(a, b uint64) uint64
SRJEfEadd.god— HFEF &7 —add_amd64.sisC (B Rl 26414 R 55), WA :

TEXT * Add+0 (SB), $0-24
MOVQ  a+0(FP), BX
MOVQ  b+8(FP), BP

ADDQ BP, BX
MOvVQ BX, res+16 (FP)
RET

BRI A R, (HFAEAE B LI B A WA AT 2 MOVQIE A 43 5l S — A S HUR B F 74 BX, A2
BOREIZFA74BP, R5ADDQIEH M E NG, /5 KIMOVQAIRETHE 43R [l 454

BUPE, MHXGBATHTI fmaine 50, e D LR RAS B8, v LB BRI 145 R 17 . AXAMET- i) LU
Gos& 1T LB H i FIVC g S BB . K2 I AL EAR 2 505, B BT L Go R A ISk, RESR IS DR 208 1.

2% SR B RSO (www. topgoer.cn) 4 - 24 -



Golfi HILgwF1C

WVFRE A GO P S ILgR AR, (R AN E B 1 IX e b i .

o LGRS, FRARIRAMES LF. 0 A S LR S PR AR

o CHRLAEIZATAE AT b IR T, AR LEEEITE amd64 b XA FREA —MERTT S Go X T x86 Al
AFEIRRA AT 239 5 — A0, 2 AR LL386.s flarm.sEf )2 .

o LHRILIRBURZSEEAE—HE, MARHER Go Avex. BN, slice BKEEMHTE 32 (84 (HEMARATRNKER, 4
KL EEAARIN, IX LAY AR 1.

T God B AN BRI i BN BRI NG, R XS TN GORRBUE AT LA o BRIG A AV 23 7T B R A LR IR SE A
A LG e IR R — e R ORISR YERETT T R, B2 — LA R BRI ¢ T CPURIERAE ) o X T4 A I (s Rz A
. GOYRRDALSE T #i FHI M il T (WLLEE crypto Al math) o M e AR AL SeE, A LUK 4t & A5 310 g i I id

.
GoHifHC

Rk, FANgks sl Gor R C, BRI HNC S e REARSE L. e MiFiiiinfladd_amd64.s3CfF, Jfififradd.gosfFh
SURZE Y T Add R E 7 B 43

package add

func Add(a, b uint64) uint64

JafEadd.goF B, Frd—add.cCff, AWEWTR:

#include “runtime.h”
void +Add(uint64 a, uint64 b, uint64 ret) {

ret = a + b;
FLUSH (&ret) ;

PRIz AL, IS4 T I R
go install add

LRI AR ON1T, EIGorb It ) T CE .

TERMRAE RCEGEIL SR, AR LI L. i&F, CXhREG S runtime.hk3off. XANREEEZ
SO B

GOR T Rk F A7 45 RAT US4 SR i struct GRIstruct Mo A3 8 A Sk el LLE B B4 3 Go i CICA R kit iX — o5, IXFEgR
P AT DU G FH X e o Y A AR A E e i

AT G — FIXANCRIM R A 7T UERRERNREENZE, MSHE T4, B=ASEE0R BRSNS TR B .
HAFLUSHZ 7 pkg/runtime/runtime.hi SCHUSED(X), XA SR GO Chn 4t B 7 Fprimitive,  {E R 2 30 g v 85
PRALAAT*XFIRA Y o A SRARIR G AT USED R EREE L, 7 EL2:$GOROOT/include/libc.haz i H 2484k

R 5 et i R TR T RPN ARORIL TR TTIAR, 7ot MM A R T DL 4 e
BB A AT R

Go' i I i Co ik He S /e plan 9 Com i as,  MFRATFIN AR gccsF 27 —2e bl A Elifadd.cilgm— F:

A RS A B R SCRS (www. topgoer.cn) - 25 -



Goii VL gmAIC

go tool 6¢c —I $GOROOT/src/pkg/runtime —S add. c
A B SR AR KM X AT 1«

7”7 Add t=1 size=16 value=0 args=0x18 locals=0

000000 00000 (add.c:3) TEXT ”” . Add+0(SB), 4, $0-24
000000 00000 (add.c:3) NOP

000000 00000 (add. c:3) NOP

000000 00000 (add. c:3) FUNCDATA  $2, gcargs. 0<>+0 (SB)
000000 00000 (add. c:3) FUNCDATA  $3, gclocals. 1<>+0 (SB)
000000 00000 (add. c:4) MOVQ  a+8(FP), AX

0x0005 00005 (add.c:4) ADDQ b+16 (FP), AX

0x000a 00010 (add. c:4) MOVQ AX, c+24 (FP)

0x000f 00015 (add. c:5) RET ,

000000 48 8b 44 24 08 48 03 44 24 10 48 89 44 24 18 ¢3 H.D$.H.D$. H.D$. .

XA GO IR A, & — R Uplan9BiCgnfiiy. Jefha+8(FP) XTI & R & S B H A+t (77 45)" . HAFPR
Wiarfids, R MR, bR LRAAARER S, HSOIUE BPURREEIE 5 2 48) ER — LSS v AL E #I A3
18

BHOR 21T, a+8(FP),b+16(FP)/ril3nZ4aiib, MSHSMMEWTE, APIRmErD, XALER T HGR M.
BRI (RH AP AG SR80 T s«

ZH3
ZHi2
ZH <SP

HEABGH R J5, WA R IR s

ZH03
242
81 <-FP
{RAFPC <SP

CALLIRA 2 E15SP N A, SPALE KN AEH T RAZIZ [ btk . IiZ5 72 FPUILHS LB 7ESP LIl 7Eplan9ilgmth, HEANREZ G

HIRTJLARTE A A I push ebp; mov esp ebp XA, plan9&k % P kA M 2 caller-save i, gk
R 7 SR TS R AESGICREARR . #£5CH callee-save i, i o % 6 5477 & AU I F 77

A%, TEBREUE H I PR L A7 4

FEE B RS HONR [ E 2 E W R . X B Structrnd % 5519, Structrnd7E L idth X Jysizeof(uintptr).

A SRS T b BRSO (www. topgoer.cn) {4 £ - 26 -



Z AR A

3.2 Z{EHRHE

Goili 5 R R IR . EASIMINE? iLAVEE —FCIES RMAR B Z MY ECTIRERE ZAME, @A
PR E b 2 B IR B 25 16] FFRE IR [ B AR B e 2 i U RR 4T

int retl, ret2;
f(a, b, &retl, &ret2)

B R Bl e SO TR, (ERh B iiretl Mret2. x4 SHUHE M B 9 I IE B2 iR [l 209 F e 8, AR X
DSIE 2R AR

void f(int argl, int arg?2, int *retl, int *ret2);

FTEL, MR LA GOl A I al AN A58 X Ffr s 0 5 AR — M TEE A . LS AT BRI 4 B AR e A 458, {ESEfR EGoAs
SEIX AT, GOARFRATH FH A C4 1345 1) o8 B0 F B SR AN R

TR FRATE GO AU R
func f(argl, arg2 int) (retl, ret2 int)
GoMERAEAENIMSE 2 LR T WA AL, SR B R UE AR 00, R EF R A 3 9 A2 A = A2 IR R 11

Aret2ff = Ar
Aret LR 27
ZH03

242

ZH1 <SP

WHIZ I N :

Hret2{R B 2L
Aret 1R 240
ZH2

ZH0  <-FP
{#47PC <-SP
TR

GolICo ¥4 # 2 plan 9 CHm e ds SN, 7ER M B EUH 0 S EUE I B 20 23 (8 3 H e £ P iR o 2 BR B0 b B B ret LAN
ret2ff8, Sebr bl i UK R

MOVQ BX, ret1+16 (FP)

MOvVQ BX, ret2+24 (FP)

Xtretl+16(FP) I E F SR A2 SO IR T e BRI B P RO P SRRt 2ol S R R 4 P T BR B 1o X2 Go AN C e i ] st
AR Z A X O 7SI EIR ], Gos TS AR M A o 10 WA Gt 5 2 25 A7 A AR [MME Y o

A5 SR B RSO (www.topgoer.cn) i 4 - 27 -
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goKtT

goRHt Y

3.2 gok@EF

EGoiEF 1, #ikXgo f(x, y, z2)&Es—A#iigoroutineis /T sk %if(x, v, ). H%f, HEXx. y. zW{ELE7ERgoroutineit
B, N REFRIAT BT goroutine h (). 4%, SHrfigoroutine REERT MR go Lk FE IR — M, BN S EAES.
A g0 S B 7 1 1 FH P80 A5 5 30 o B0 R R AN TR 1

B, ERATE — T RIS — AN Sl 2 R AR, RS Je i — ANk, SRR x. yRIziE.
RIGE—Ahelpf L, WX ANEEMARIREE NN, BREUAN (X, y, 2). TR, S mik, S5
newThread(help, structptr). HFhelpZNIRARA AL ©2FAMX, y, 2). helpRECHE NTE BT 2R RE RN 1 R AL

KA AR Bt RSB A A, IR L BRI . H9iGoil & ot gok it i sk
Plexsmhack—Ls, EEG 7 IX A

SAAIEF KB, FHEEEAL, 2, 3)RRE g

MOVL  $1, 0(SP)
MOVL $2, 4(SP)
MOVL  $3, 8(SP)
CALL  f(SB)

RS, 203Uk, ARJE A s

TH&go f(1, 2, 3)AERACHD:

MOVL  $1, 0(SP)
MOVL  $2, 4(SP)
MOVL  $3, 8(SP)
PUSHQ  $f(SB)

PUSHQ  $12

CALL runtime. newproc (SB)
POPQ AX

POPQ AX

WFEE—AN 2 I, BT 73 BR A 0 R HOR F 2 — R0, S EAEAGE R AL E, AT — MBSk, #FRIM
AR LA, HIAL2{E NS ER A BB A, AEHAHREC runtime. newproc

122405 RIKR /N runtime. newproc  BEEFEZINSH AR SHAUD, Hiigoroutines2 EEATIMREL, AN
NS H

ff runtime.newproc W, @ AMLEN, EAERSEII 124 T D EEAR S W PR R R R S B XL
REAH BB U E SR RIZFCPUJG —FF, Ai{72PC. SPE i (R A7 Bl F bR fil e ity — AN g5 fkstruct G . FRAFE T
struct GHentryss, J& miE4T i 241 H goroutine fIiE 1T, Fre el M G347 .

AT VLA 0 SR CSEIL A ZE e T, AT (GBI 45 MM, T runtime. newproc  SEFR Bii/Ehelpifi. 75 EH YL
I, goFR ik SR At a0 ek 0 F 2 DU 4R A 2, IF HLAESZBR B 3E Ngo B = it — BRI AR 1 . AEABIXA
kBRI HE R R4 !

A A, goRBE T HISKBUAUE — MEEEARTE, 2.

go f(args)

AT RS A B RSO (www. topgoer.cn) - 29 -



goKtT

T ELE AR

runtime. newproc (size, f, args)
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deferscity

defer i+

3.4 defer:fgg

deferfligo—F# it Goili AL CHE T . defer ] T BHEINANG S AERBUR M 2 FEAT A . —ACRH I R R

f, err := os.Open (filename)
if err != nil {
panic (err)

}
defer f.Close()

A £ defersails s, G EMAT 4, A5 i defersil s S B ] .

At xidefertt VEAIEIRN, KT RESERE] —ebt, JUHOZ BT d 44 fR M S8R . fEPFi#deferfsiil
e — A i defer?s byl B 1 ) il

deferff HEFIbT
e REF LT B1:

func £() (result int) {
defer func() {
result++

0]

return 0

#i2:

func £() (r int) {

t =5
defer func() {
t=t+5h
10
return t
}
13

func £ (r int) {
defer func(r int) {
r=r+5
}(r)

return 1

T S A B TN, R0 B gt R, SRE RIIE.

BITIIEFZ RAGE0, BI2IIEFZE EAZL0, WIREI3HIEFE REAGZ6. ...

AT RS A B RSO (www. topgoer.cn) - 31 -



deferscity

defer&fEreturn Z AT I X ANTE 7707 ORI H UL T 1. Zl H defert ANERYT, BB — S e ZY A,
return xxxiX—&BAHAR—KEFES!

PR HOR B (K R AR AR Sesy iR BMEIRAE, AR5 deferdRika, a7 ik ul 21 F e 8

defersit N RE AL B E B BUR B2 J5, FEIR W VT B B2 B, B MHE, A R 24 ) B8 B0k MBS PR R A — 2L

Hsffifdeferity, FH—/ME A BINMSS —F, SASEH T . 502K returniB AP RFA)E, return xxx 2 # i
B

REME = xxx

i defer i %L

Zjreturn

SEGIL, el LSS X

func £() (result int) {
result = 0 //returnifaj g —#%HF i, return xxxHSZENE +retf54
func O { //defer#ff\ FlreturnZ FifiiT, tHELZMIREIE et 542 ]

result++
1O
return
}
AT LIE AR [FME AL

PEEGI2, e nl LSS xR

func £() (r int) {

t :=5H
r =t /JEES
func () { //defer W fBA BN E 5 R [6].2 [F]HAT, XAGIT 38 [l (E r 5 4 15 2T
t=t+5
}
return /5 returnfg 4
}
FT LLIX A 45 A5

RIGEH3, EREEL:

func £() (r int) {
r =1 /BB EEIRE

func (r int) { /I G AR L L, AR [EI A A rfE
r=r+5H

}(r)

return //FEHJreturn

PR T 45 R A L

deferffis & Ereturn 2 iR ). (HERIEA LEIREAE . A5 R FZreturn xxxiga) AR —&E F4E4, deferfiidfin
B TR 5 retz 6], Kw] e L2 o i 28 R [F

deferfsLH

A SRS T b RS0 (www. topgoer.cn) i - 32 -
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deferscity

deferdCHt7 (SR go B AR A, A FFZ I A FI 2 runtime.deferprocifi A~ &runtime.newproc.

fEdefer BT, A T4 call runtime.deferproc, #RJE7EREOR B2 Wi R T7, #HAFE4call
runtime.deferreturn.

Rl EEEE e AL e TR M EE S VN

add xx SP
return

W P T deferif ), MVE D &2

call runtime. deferreturn,
add xx SP
return

goroutineffziil 45 f T, 4 —ikFitskdefer, Hruntime.deferprocif 2 EdeferfFiE it wAEE£ T, MEPHH
runtime.deferreturnffif (&, < fkix Mdeferzd Ak IF 4T .

A% SR B RSO (www. topgoer.cn) i 4 - 33 -



3.5 #E&R

Goifi & & Frgoroutine, fj4~goroutine s Efghziztr, FrLlef1#A A k. fifE~goroutine s ft [ e # A/ A RE
K, KNS SEGE, KRN SREZEN, T/ £goroutine.

T fERPRIXAN L, goroutine ] ARIUGIT N Ak e AR /N S0, AR5 BEE R R b 1 75 A s K. 12 A4 Go
A LAJFT-T 3 Jii~goroutine i A~ 2 FE /L N 45

Gol.3ff A2 J5 U H (1) ik continuous stack, KRG HT— FixX AR .

EAJRHE

FESAHAT R ECA T I Goffruntime B AT AR I, 457 SRR B RS T, 00 2 A eI, D=4 ) b B0t A B G o IZ AT I
J GORJIZATIN g 2 CRAFILIN O RR B b SO, SRR 20 BE— /ST RS E R RS 8], K IR AR A P 298 LB b, I fi— 2
BE, MR EWIZTN, RESER BRI P AR SAT, AR R R A R, AR B S A E AT
R BN TR R R A 1]

IR

TERF T GOl SEBAN 1T Z AT b IRATSE B OB — R RO U Sl 55— g B SRR ARSI B A BT NS 1 1A
AT 2 T AR 75 A7 25 SPERAR Y T AR 2 1] (K03 S AT Lo RS AN B R/ INANIE A 2 Tl e 3 1 e b

RS P, B OB, RO ENISATI, SR 2T goroutine ) B R . AWM GRAT BRSOy, S iindk
ATHE BB I 1 B R SCORAFSF T, I8N — Bl 2r BORT AR 22 18] 1 FRATT AT DOKE 7 B 22 ) 4B 5 st 2 1 T — T~ malloci
o

KRB ATINE? TATEEG AR P I Py 2588 DUEET AR, SR G LR R Bk SEAEHTAR Pz AT o X B BT I 2 IR P 2595 DL B
TR SRR A SRR ) RS T P I TR S, M AT R 0] 8 R

PREERT AR P ARSIEAT 1, (ERIEA AN BRI AR HOR [ AR EEAE AN, S WARR s 1, B
LU 5 SEAE PR 50 (8] e A AR 246 /) 1 )

F AR
W IR B R B IR R 2

GOEFAMCAE, ARAE MR 5T F7 A7 2 A SLhE 75 17 281 8 R AR K. ZEGolig I B b, #F~goroutinef Bi— 4544
KRG, KECH Y TSR b B & . XA R 77 T stackbaseflistackguard, T 2 iX A~ goroutine ffi JH ({14 4% ({3
B BAGoRmBUHAMMATIL&IES, StBtkigs 782 Rg->stackguard, KIS 7 &AMk . 0 R ARHE 25 17 2Rk
T stackguard##h 7 B e A A .

N T INRELRE, R EEERATRER — MUY, PR SEhRERIILH . B S —Mtest.gosfF, WRIR:

package main
func main() {
main ()

}

SR AL I e S A
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go tool 6g —S test.go | head -8
Hf LA DUS H R

000000 00000 (test. go:3) TEXT ”” main+0(SB), $0-0

000000 00000 (test.go:3) MOVQ (TLS), CX

0x0009 00009 (test.go:3) CMPQ SP, (CX)

0x000c 00012 (test.go:3) JHI , 21

0x000e 00014 (test.go:3) CALL , runtime. morestack00 noctxt (SB)
0x0013 00019 (test.go:3) JMP ,0

0x0015 00021 (test.go:3) NOP

EBAVIF IR — FiX 48 4. (TLS) IR EMRGIIEE — AN, i/t g->stackguardihll, e RELACX. )5 CXHhE
FIME5SPIREAT LSS, WIRSP K Fg->stackguard T, N2 Hruntime.morestack i %, X JLATE A WI1E SR AR & 7
i H

AEEIFAIE P BB I # 2 AR NP IR 4 o WARARERARD, TTRERKIL #pragma textflag 7, BE/EVC S RAEL
TEH  TEXT reuntime. exit(SB),7,$0 . IXFMEAEUIZ ARG Ao XA RMIFRRC, PR T A ok R I 4

L

runtime.morestack e FC4a S B, IS REUL G —B8(5 BAAEME AT, X0 BOF Y HTRN, 280 Uil
WA, RECREMLE (FASR A, —ANZruntime.morestack Ak, —ANRFATIR MR o SR IR B AT LA
ARk .

void runtime.morestack() {

if(g == g0) {
panic() ;

} else {
m—>morebuf. gobuf pc = getCallerCallerPC() ;
void *SP = getCallerSP() ;
m—>morebuf. gobuf sp = SP;
m->moreargp = SP;
m—>morebuf. gobuf g = g;
m—>morepc = getCallerPC() ;

void *g0 = m—>g0;
g = @l

setSP(g0—>g sched. gobuf sp) ;
runtime. newstack () ;

P R = newstack 2 VI Flm->g0m B rh 22 Y. m->g02 A3, goMIIE AT I 2 f i 52 2548 T 1 #6 2 m-
>g0.

IF B 5 1 B

runtime.morestack <> T-runtime.newstack, newstackfit = HRIFFLAR: 40HC—AS L08R IF =S8, K IH K
FOECHE SR AR, TS ME, OB RO i runtime. lessstack IEET GXAE 24 08 BB [H1 52 17
runtime.lessstack F ik Aruntime b il —Le i i i kb 3D o

KEA—ANEARME S WA Z R B FE, BRI R A .

et AR, ST IR A hE, RSO RE IHER A B IRER AR T, TR AIREE AR R, BUNIHAR SRR B
TEUCEMREHE CIR AT R R BOhE . 25 B a0 AR :
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LA

func f1() {
var a A
f(&a)

}

func f2(a *A) |
/ modify a

}

BRAEF2 PR A T ARG, BRI B SE R R S (B E v, IR IR P8 DLBGHT R R, (DO MR AN, OS2 it At
FR A AR AIFLI, LT .

GOSEHL /A MBI [nIiC,  SEAT I RIERE— BRI PR DO RIGAE B fERMIZ G, ST IRE IR . BARMases, X
DR T RO EE— MR 0 Hh (R — AN EEE, RS R A i, W R LR VR AR IR ARSI P Y, R e L —
AN S S 5 B RR FRAT Ik o XA (55T R kDl [ R A s

runtime.lessstack b &, & a2 V)i #m->g0k 2 J5 I Fruntime.oldstack s . X 2 I fRAE AN Stktop 4 4
fEIHERIEME R T, M BT AR BNIH A 22 I SPRIPCE5 B, @itruntime.gogoBkibid 25, AR 1.

gp = m—ocurg; //Hiig

top = (Stktop*) gp—>stackbase; //HX7EStktopZEtitk
label = top—>gobuf; //MLEHEEHFIR HiGobuf

runtime * gogo (&label, cret); //HiLGobufh & - X

INGE

. A4 BORR (0 sR HCR T LANR A48 ISP Allstackguard, i runtime.morestack

. runtime.morestack i £ E Z I8 (A U0 AR — 2805 8., AR5 38 2 85 4 1 F runtime.newstack

. runtime.newstack & i = EIhRE R AL 8], Bk asiE], K IH R frameflarg 55 2 2 8]

. {fiflgogocallfty 77 U4 28 B k%, gogocal 48 i 1) M Pk ] 3 4k W (14 b4 45

. PEEEHUTIBR|RETHE A1 23R [0l F]runtime.lessstack, lessstackfiif =% i morestackififx, & %% IF Mnew stack
Flold stack

u s WN =

IR SR — P, AR BRI GRAT I (B, TSRO, TR R I K BT B AT . BRI R R T )
ARSI . AR ] AR A, B4 NIER L2,
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P 4 SEEN

P F S

3.6 HEKSLH

DAL A2 1 BRI BN FLAR D6 5] PR 2 A ity s (BN . P = pR 80+ 51 3R o
GoH A

P B B 5 P IO, AT TR eR B 5 K P AT REAR B AR P L (5K, RGO B Y A PIRTE . Golts s
RESCRFARY, X R TR TR EGoth & MR I S .

func £(i int) func() int {
return func() int {
{4+
return i

PRELFIR ] 1 — A BRE RIS, IR [ XA R B — P XA SRR AR B B E R R, TSI e R
TERIASEE (RELE) IR,

cl := £(0)

c2 := £(0)

cl() // reference to i, i = 0, return 1

c2() // reference to another i, i = 0, return 1

CLERC25I IR AN MAEE, 7 i+ +RHESU AR E —AN, BULH s A2 L. BRI —, BB T — 5
ML, XS, R E AL IR S A E R .

AR R RIS R, RBOX AR R AL R B IO P BC R, AT BLR . RO BRI DA, X RERR R T, FiR
[l AR ARA BR i AR B 5 — SRR T o B AP R 3R S vh 51 AR B AN RERS AR L 0 i

escape analyze
EAREER UGS AT, J6— B GO —ME &k

func f() *Cursor {
var c¢ Cursor
c. X = 500
noinline ()
return &c

Cursorit — MR, XA SEAECHEF PRA RV, DIVEECEMER EAREH, SRR R AR 1. (Hi2,
1EGOi F MVE A U], X R EIREGOI & T ATAN . 1 F & A SRS B A SUFEHE B BCII AR, AN B R PR
E

N T BRI s, AT OBLSE R A R 2 AR -

MOVQ $type. ””. Cursor+0(SB), (SP) // B AR EcH2EM, W& Cursor
PCDATA $0, $16
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PCDATA $1, $0

CALL , runtime. new (SB) // P FHnewsk %, #0324 Fnew(Cursor)
PCDATA  $0, $-1

MOVQ 8(SP), AX // We. XKL BIAXZF A7 2%

MOVQ  $500, (AX)  // MGAXAFIBU N AE Mk R IR 500

MOVQ AX, ””. “10+24 (FP)

ADDQ $16, SP

PR R RS B, 2 Wit —Filescape analyzeMH ARSEILN . W A4
go build ——gcflags=—m main. go
AILAE B -

./main. g0:20: moved to heap: c
. /main. go:23: &c escapes to heap

Forclbi 7, W RIS . escape analyzen LA Bt HH AR A A G, I 0 B AR 2 2 Y — R
EREREY A
B PR SEBK, AT, P R BN E B 5] I RR . A4 AN AT AR IR Ny — A R AR

type Closure struct {
F func() ()
i *int

F b, GOfERJR M Sl L R R R — NN AERATE — NIE 4R

func £f(i int) func() int {
return func() int {
i++

return i

MOVQ $type. int+0 (SB), (SP)
PCDATA $0, $16
PCDATA $1, $0

CALL , runtime. new(SB) /) BRIRBE, X—BEAZi = new(int)
MOVQ $type. struct { F uintptr; AO *int }+0(SB), (SP) /IR A T L i 2R 2
CALL , runtime. new(SB) /) BRI T new(Closure)

PCDATA $0, $-1
MOVQ 8(SP), AX

NOP
MOVQ  $””. func = 001+0(SB), BP

MOVQ  BP, (AX) // BRI %5 Closure HIFEE 7

NOP

MOVQ 77, &i+16(SP), BP /) FEHE Fnew 45 & 1 B AR (6 45 Closure HI1E B8 77

MOVQ  BP, 8(AX)
MOVQ  AX,””. r1+40 (FP)
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ADDQ $24, SP
RET

Hrrfunc-00172 51— AR E R Bt hE, B2 FR [T AS BR
N

1. Goif & 3 HHI L

2. GoifiF peifiitescape analyzeify AR I, H AT EAEHE By Rl K P EIAEAE S A HE b7l 2 Goseail il &
FRIBE o

3. R [l AL IR AR AR Al — R, TR IR ] T — AR, TR BEGR [ HBREA 5] A A R
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GoiE 5 M HIIA L

Goif 5 FE Pl e i

4 GolEFEFHIHILTE

{ENF—Egoroutine i) —MHIF, ARETF—LLIERIAE, A —FHGoili 5 %S MREF PG . bbb
SMURZARZ ey, XHLBRERE A0, WA — Tk, WP IR e 5 SR i — M U5 5K

B, 5—4hello world ¢, W&EUWT:

package main
import “fmt”
func main() {
fmt. Println(“hello world!”)
}

vk, EAgdbi. 45 TR A NIk A

_rt0_amd64_darwin
main

_rt0_amd64
runtime. check
runtime. args
runtime. osinit
runtime. hashinit
runtime. schedinit
runtime. newproc
runtime. mstart
main. main
runtime. exit

PRATRE T EARYE 1 O R G rt0amd64_darwingiplirt0Oamdé4_linuxsl & 5. fEgdbrfskdir, W%, SRJEkc, %, #
H—EE A,

MEZD WA —PNERNEZ — FGolr N ARSI BRI R N2 1. Rtk ATIE AT !

RS R 3 R SCRS (www. topgoer.cn) i 4 - 40 -



REHIIRN

RGIIEL

4.1 RGV1E

WAL 3 M rt0amd64_darwin P46, SR EIMPEImain, #52Irt0amd64. | N A — i gm s, M
it S 4argcflargvis, etk E, FEA 3. N Mrt0amd64H 44T

KRS REBEIFm->g0Mt, K A4aTISPiE E Jystackbase, #SPH: N KZ64K 7 % & stackguard. #&)5 23REAE
HEEE, BUE4 R Eruntime -cpuid_ecxMiruntime-cpuid_edx . %, ¥E AL A AHULETREEME KT T
GBI, Lnyix A LEs FE R R4 Hithread_fast_set cthread_self. & ARk 2 J5 ik 23 BRI —
T, BA—MEHEHREREIER.

FHLRTEA A

T BLRE — A e A il . BB AR goroutine i B CRIEHIE R, XL BRAFBAE DM EMRGh . fiAiHE —1
LR EGRAMRGHRE, TATHEAAME 4R Eg, ARG, gl, g2.. HELNIAEAFgoroutine i i
M RRREGREIMIFAZIE — DRI, ENMFRIRREARN B QRN AG, XA T T AR . gt —
AR, HEARFLREE 2 ARPEIA. [ -goroutine i A giy, #xh R H H ORI IX— Rl A

BRI JG, el UohsE P goroutineMimachine BB H /74 1. XHRELF V25, #diMget_tis(r), #mis
H 1T goroutine B g R TR B Z5 A7 rer o AR AT AR PSR o B 21— e RE AV -

get tls(CX)
MOvVQ g(CX), AX /get tls(CX)Z )7, g(CX)ZEIHIFEAZ 2 BiHIgorout inefig

AFffigoroutineiil  get tls , BEIMQRAMMEAEGH, 4iMfkHidkgoroutinefIHH (5 £

IR

PR kRIS sAER B A, o LB E AR
CLD // convention is D is always left cleared
CALL runtime * check (SB) //#Mll{5int8, intl6, floatZE/e A2 THIHIA N, FellcastElELe 7 IE
MOVL 16 (SP), AX // copy argc
MOVL  AX, 0(SP)
MOVQ 24 (SP), AX // copy argv

MOVQ  AX, 8(SP)

CALL runtime * args (SB) Vargc, argvik B Fstatic /G EHF T

CALL runtime * osinit (SB) //osini tiFIE A % Eruntime. ncpu, ASEF G SEH 7 20—
CALL runtime * hashinit (SB) &1/ dev,/urandomfi 77 0 M I 1% K 1Z BEHLZLF T

CALL  runtime ¢ schedinit (SB) J/ AEEFIRIIE 1, IRHECOMAXPROCS 1% B 1% FH Hprocs 4545

proc.c 5 —BER:, il T bootstrap iy :

// The bootstrap sequence 1s:

call osinit
call schedinit
make & queue new G

call runtime * mstart

// The new G calls runtime * main.
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REHIIRN

JeiMosinit, FiAschedinit, G ASIFEHE—AG, BEH/Emstart. X LAREHEAKE 4.

LA TE— Fruntime.schedinitif#. 1ZR AL SR 05 T — FH BB VISR A A mallocinit, mcommoninit
I3 TR A B A Ak, X 24 BT S A R MATT ER A

#e& WM runtime.goargsfiruntime.goenvs, K2 fimainifi iz $argcfilargvaEZ il 2] T os.ArgsH .

BORFERX A RRET, ISR A2 B GOMAXPROCS g il I PR R4 H Y -

procs = 1;
p = runtime * getenv ("GOMAXPROCS”) ;
if(p != nil & (n = runtime * atoi(p)) > 0) {
if(n > MaxGomaxprocs)
n = MaxGomaxprocs;

procs = n;

[ i 1 (R AR R

/) FE NG, L IE £ main. main

PUSHQ $runtime * main * £ (SB) // entry
PUSHQ $0 // arg size

CALL runtime * newproc (SB)

POPQ AX

POPQ AX

// start this M
CALL runtime * mstart (SB)

IC AR T E P go KRB IR A ? Sl S 80 R, PR R AR R S HodE Ak, #5451 Fruntime.newproc
PREL. T DL LS Hr TN goroutinefu T runtime. main..

runtime.newprocz{iruntime.mainjit B gh 25 ZEF2B\ B B . ALFE4E AT runtime.mstart, miE i /&machine.
runtime.mstart £ i FH £ 1 % i Zschedule

schedulerd Bz AR ], B2 Y HTZAEBAT] h AR RERE L — A ARS8 4T. T 2T A A —>goroutine, &2,

SR E T runtime.mainig £k, runtime.mainZ:E M A P maing %, Blmain.main AL N A RS, pifca s
Ithelloworld 7, FHgdbiffiR, —H—BREIREMSEX MR
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main.mainZ i (K4

main.main \i k4

4.2 main.mainZ iiEE

main.maingl2 7 fmain g 3. X B2 TEGo i runtimerE it A S mained Bz mirfi it — e i,

M CAENA T NGO FHAT RN — 4484, FRsruntime.mainff EERE, Landtrh Z 3 B i AR A6, WEL
mainf 24, RE A EGOMAXPROCS I B 4FE I (fiprocs, WG B4 A A 7748 BLAG A .

B R Mruntime.main®main.main [Alf—L i fE . R, main.main&fEruntime.maing 5 R A A 1. Al e
W main.mainZ i, B4 4 TAFE.

sysmon
fEmain.mainf {7 2 i, Goif 7 firuntimeE LWl — )5 51155, Hp—/ME% 0 &sysmon.
newm (sysmon, nil);

newmii i —MNEEHAEM, H— M SECEXN G EMIIN DR, Mt e — B B AR iz 1T sysmon i . fstn]
Hsysmonst —MALAER F 5 G455, BEANREE AR, H AT ZABP S X T M4 epollbL izt
ORI, KB REan T

for(;;) {
runtime. usleep (delay) ;
if (lastpoll != 0 & lastpoll + 10%1000%1000 > now) {

runtime. netpoll () ;

}
retake(now);  // HRIGEEAPHIIRZS RIS 1T IH 5] e i A2 27 B AT 16 o

sysmonZ s R G52 i (SRR RE — /N B], SRS ARG 10ms 2 /b HE T — kepol | I Ml AH B () goroutine. [Fi, Tit4:
T 7575 P[] 4 F-Psyscal IR A S Prunning iR 7, IFEAT4 b7 30 2

scavenger
scavengerit 5 —MNE A1, HEENAIERsysmonf fAIX
runtime * newproc (&scavenger, nil, 0, 0, runtime * main) ;

newprocfili—4-goroutine, #—Z%4Egoroutineiz T4, scavengerfhfi 2% sysmonfli4 miffl——sysmon
LRI T, Miscavenger R & Higoroutineiz T, 2 N E T &k W goroutine 547 ZE R A 1X 1

W4, scavengerthATit4 TAE? B X N4 AEsysmoniliFEle ? Jisiscavengerth T 1 & runtime-MHeap_Scavengerif
o BN AR R A ERE RS, Gost—1T bR EL  MiET, WOk ERSE RGUB TIE R R R, AT
SHIAERIGo NAFEF RS, GOl WA E HEZ 5T N AFlEAT E Y, XA ek 502 F B 977 AR 4 R 5

scavenger @R ATsysmonZ R4 &, A LAEAUE — i figoroutine AN 2 — AN 2k FE .

main.mainfEix 5 G5BT R Z JFHAT, NSEEHITZE, B &G —1: main.init, M RinitREs fE e
ZRTEHAT .
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goroutineif &

goroutineifi &

5. goroutineif &
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i B2 2 AH R Bt 45 4

U JEZ e A DR B 45 4

5.1 RAESMEXEES

GO R EEMISEIL, ¥ & B IAEERBER A5 . 18470 FE X LA B 451k s Blgoroutine i 2, & Bigoroutine fif
LRFEMIEAT . IXEEHHR LS 0 R EEMIAG, 45K0HEM, Z5HI1AP, LI SchedZskafd. w =ANE LA
runtime/runtime.h, fiSched )5 X fEruntime/proc.ci. Goif & K & A S B /& /E X - proc.c.

kG

G/itgoroutineM4i s, M 4FH#AE Rt fmE, 7EX it /ZgoroutinelfifE il &5t, ExtgoroutineihR . £
FhgoidZ2ix~goroutinefJID, status/fiX/~-goroutinef )ik, iGidle,Grunnable,Grunning,Gsyscall,Gwaiting,Gdead

struct G
{
uintptr stackguard; /) BT Al 2] AR
uintptr stackbase; /) BRI
Gobuf sched; SRR, il schedtd FAR7E R X
uintptr stackO;
FuncVals fnstart; // goroutinei&{THHF%L
void* param; /) T2 50, BEHRRT A B goroutineté B param, MeEERTIH:goroutine A] LAFEE
intl6 status; // IRAGidle, Grunnable, Grunning, Gsyscall, Gwaiting, Gdead
int64 goid; // goroutinef]ids
G schedlink;
M m; // for debuggers, but offset not hard—-coded
Msk lockednm; // CHEBIE R BEAEIX S m 51T
uintptr gopc; // X gorout ineffgoZiA F fipe
};

SERIRG IS i LR . W LLE R, H s T H/E Bstackbaseflistackguard, Hig17HIEEE Efnstart. Xeu i
PR — D AHATI T T, RESRICPURL A MLig1T.

goroutinetJ#ult, bR S BARIEEEL A schedss . goroutine 2t &2 &fE s e, YR

FHARBBENZNEME RGN, RPN . B NG IGobuf, HI RAR(E T MuiHIas, P iHEs, L
Jegoroutined & .

struct Gobuf

{
'/ The offsets of these fields are known to (hard-coded in) 1ibmach.
uintptr Sp;
bytex pc;
G* &
};

LT REN T HTTgoroutine IS IRGIRER, IBATIIE P T M E LR /79 extern register Gk g, XM&
Hiigoroutine I IAGIITREr . IXFEME N T Bt i goroutinesF (M5 B, Ehln, GoRIAR HISZEL A 1 Fl Y%ebp &y 17
2, At Al bhidit g->stackbase i 43|, "extern register” & 6¢, 8cZFSLILI — MR IIEME . (EARM_EE 2 SEBRIK
TR e AR B A AR AT R I MR A MR — B, Elinux RS0, XFgRIm i 14 7 /2 0(GS) F14(GS) »

I RENE, BRI SRR R E R (E RGUCE R IE R MM T, Fltn, 61/linux F2#0(GS)HE S M-16(FS). &M 5IGo
FRF I CICAF A2 S runtime. 3k OO, I30RE CYn 13 2% 3 8k 45 4 A (K 27 7 25
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gimm

Mizmachinef4i5, AXHLEIITIER, FAmEGEX RS — K8 RGP BLRE . MBIERE | PA ] LT Gofliy, 2
e e A ZE B ARG i, AT DA TR OGP

struct M

{
G* g0; /) I ER H gorout ine
Gk gsignal; // signal-handling G 4FFE{z 5 Hjgoroutine
void (kmstartfn) (void) ;

G* curg; /M 24 giris {7 goroutine

P* p; /) FIEPUARATCoACIE (U A HATCofCIBIIP Hni 1)
P nextp;

int32 id;

int32 mallocing; /A&

int32 throwing;

int32 geing;

int32 locks;

int32 helpgc; S/ ROZE TN em P (75 gco helpgeEFn H A2 —195
bool blockingsyscall;

bool spinning;

Note park;

M alllink; /) XN T EREal lm

M schedlink;

MCache *mcache;

G lockedg;

Mk nextwaitm; // next M waiting for lock

GCStats gestats;

X BRI M AR S k.. FIGRAL, M alllinkid s fir & M EallmER 1. lockedg e FEEEENL T, GHilE
TEEXANMABATA D FH EMF . MApiEF —4MCache, & 4HTMIINAEIESE. MIBFIG—REE — AN 3L 27 /7 3848
i, ARAMHIM. FRAFEZ DM, RoRFNAAEZ AL

LEREMPAT AGR FEIE— TN, —/Mcurg, REMEMYRTYEENLMEG. H—1 /g0, & HEREN
goroutine, XN HEHFHkIgoroutine. il ffjgoroutine (ks 728 i /3 BE A Al S8 AR, 117 g OFRIRR J2 M 7 () 28 A2 1
o FTEEEAHSRHIARID, 2eb)#E]iZgoroutine % H FEHUT

ZY AL o

Gol. 1P H A — R4, E/tProcessorf4i’s . S5HRPHIMAZ T IR GO P T RI%, SCHUFELF L. MAR
ROSLAM . PREGOIMIHATIN HZE M BHE . MMPITGofURT, &2 KBE—NP, UMyidlesi & 7 KRG I, BT
2P, ANIEFGOMAXPROCSAP. A HIPHAL N —A K, FEP RSB T AR G U R L 45«

struct P

{
Lock;
uint32 status; // PidleE{PrunningZs
Px link;

uint32 schedtick; // BRIAEREEM—
Mk om; o // BEERFIEOREKEIM (nil if idle)

MCache mcache;
Gk runq[256] ;

int32 runghead;
int32 runqtail;
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// Available G’s (status == Gdead)
G* gfree;

int32 gfreecnt;

byte pad[64];

SR R PR AT AR R IR A <

Pidle,
Prunning,
Psyscall,
Pgestop,
Pdead,

WE, MGAFMSE, P waiting RZ&. MCacheii# % TP, (HEALHAEMF MR REE. EPHE A
Grunnableffigoroutine\ 4, X&—PRIFHAI]. HUPHATGOMRIDI, B4 EH SrX AN R, X0 1] LA
R, $em 7IRRE . W RIUEANASIZS T, W R E PRI BAS Fp g2k, SRS AR T R o XA L R A
B A A .

Sched
Sched & i STBL A O BA 25, 1225 MK I 2 SUZE SCHFproc.cif.

struct Sched {
Lock;

uint64 goidgen;

M midle; // idle m’s waiting for work

int32 nmidle; // number of idle m’s waiting for work
int32 nmidlelocked; // number of locked m’s waiting for work
int3 mcount; // number of m’s that have been created
int32 maxmcount ; // maximum number of m’s allowed (or die)

Px pidle; // idle P’s
uint32 npidle; //idle PHI#(E
uint32 nmspinning;

// Global runnable queue.
G* runghead;

Gx rungtail;

int32 rungsize;

// Global cache of dead G’s.
Lock gflock;

G* gfree;

int32 stopwait;

Note stopnote;
uint32 sysmonwait;
Note sysmonnote;

uint64 lastpoll;

int32 profilehz; // cpu profiling rate
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i 2 A A S B 4

NZ B ERE BB CE T 45 4RM. GRIPHr, SchedZififk Rt —AN7c. WTLIESR], A aMiidlef s, PriidleB\s,
LA 2R RIGIAT]. Sched4it k¥ Lock 2 EH LA, W RMEPAEH— ek RImRIERAT, eA]— B Z e iE
VAR .

AR s BRSO (www. topgoer.cn) F - 48 -



goroutineff4: &4t

goroutine E Z st

5.2 goroutinef4:#K3E

ANt goroutine N, T, PHEAMKE ST, RWLEGOE S ML RN, X EHFIK 2 NELHRILE., B Goik
SR RS LW E RN, T RS AMAE AP NI ek, X B R R R RIS ARGT, DL
goroutine yF4k.

goroutinef{f&

T TR R K P 5 g o SE B A 224 57 A T runtime.newproc. X2 M goroutineffy i AE, FTE Fritigoroutine#l
SEIE XA B H O .

runtime.newproc(size, f, args)Uifgit &0 —AH1g, XAREAGE A B, FONVEBRESEIBCE T & S R4
¥y ORI R ECR PR — %, A Cgo i B MNEAT ) « A BORSHIXAG R, BT EARS I T hrid
#pragma textflag 73R AEH Bk, B A Kk inewprocl, fEnewprocl ] LUE I/ Bidk. HIEM TAEZ I
newprocl5g . newprocliEfT X L1k,

B BB MR ARAMPPY, EEAWHMAMAG. WA, WEEATR—A, B0, HESE—SHmaik
Go QIR THING, R EHBIruntimeff ARSI+

R T ARG G, BIHSEURGFRIgME, ¥sp, pc BT B RF/Egschedi®, X Agoroutines il & 17
T BARER—/NETH [ goroutine i R —FF, REAESHLRICPU, ERR DAAkSEIZAT .

newg—>sched. sp = (uintptr)sp;

newg—>sched. pc = (byte*)runtime * goexit;

newg—>sched. g = newg;

runtime * gostartcallfn(&newg—>sched, fn);

newg—>gopc = (uintptr)callerpc;

newg->status = Grunnable;

newg—>goid = runtime ¢ xadd64 (&runtime ¢ sched. goidgen, 1) ;

IRJE R IXA ML I AR GEE R A HTM PRI BA 1 o X HL 225 T il goroutine— a7 Ml e, R AR i PHI%H
AR R, WA IEEERECPURMM, I HwakepHs Par R Niz17 .

wakep R HMe PSS & TR AT KIMSRGEP, LR HEM. LEATE B HEMI K Hnewm:

) W m, B LU TG, B R M R AT 4G
static void
newm (void (¢fn) (void), P *p)
{
M skmp ;
mp = runtime * allocm(p) ;
mp—>nextp = p;
mp—>mstartfn = fn;
runtime * newosproc (mp, (byte*)mp—>g0->stackbase) ;

runtime.newmIi it fnewproc el 7 & 2 B —~goroutine, ifif Jg & 20 HE— M. Hsz— MMt & — MR R G LR S,
A LA FI'E £ Hruntime.newosproc.

MEET| T NGONBZITIN FERHE RLME L, runtime.newosproc(F-& M) £ H R 4 ffiruntime.clone(F- & A1)
R AR, FHIZREE Liruntime.mstart y AL, runtime.newosproc/2 MR =B REL, I6F —LF 5
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JITHIART, AR ST RA T B T I, AR E AT EAREUN A 0T T, BOGER I E FT L A AT %%
runtime/os_linux.cEE LY. runtime.clonejt HiL 4L HLH), A% 7Esys_linux_amd64.s.

BEARZR A2 Lhruntime.mstart Y A, 548 R kB mstartii .

mstart/Zruntime.newosprocHi ) R LEFE N I HhE, B R FEPAT I £ X BLIFRIEAT « B2 AR 134T Rigoroutine i
RS, BT AmX—EXHSRNHER, EmERITgIM A RERAENITg. IR D &mstart, gifi$hiTE )
schedule4 5 A M. H#imstartii5i#H 7 schedule.

22F-3| T schedule T !

R Mmstartit A Fschedulelf], Ji4schedulerdiZiaAEw s, KMEHLEX 1L

B —ANERHZITH g
MR g RBUE B HAMP, WAEAAMEAT
0, i executerf ik g 7E M ET IMFIZ AT

executezx Pk newprocl % B 1 LN, IXFERBEEE FF goroutine 4447 1. Mnewproc i £ — B 1T LR 4T,
B2 !

R Frali b, biflc, ciild, difflefr REDRMRILER Mo R iH, (LR EERL X B Aild s, &%
SRR A T DA R ) YRR 42 I A 3 -

newproc -> newprocl -> (WHEP%H % %] LI )wakep -> startm -> (W fE5] & )newm -> newosproc -> (ZEFEA
)mstart -> schedule -> execute -> goroutineiz{7

HHRGRM

fiikgoroutine” A" T, EEHNZRGHM T, G LZESSHPIT. HEANRGIHAR, WRAGHAZHZER, goroutines:
WeRIZFCPU, ¥RRS I E Gsyscall G 45 5. GolfisyscallFE 3t T x R M IE2E, S IEHIT RGN Z
A e FH R . entersyscall, 175 R G5 H R H0R B E 1A H .exitsyscall i . 1X AN B 202 8 A1 Go Iz AT I FE X AN
goroutinedt N T KRG B 528 T KRG, S 85 2 OH B E .

tbisyscallmH iOpentd %, &4 HISyscall(SYS_OPEN, uintptr(unsafe.Pointer(_p0)), uintptr(mode),
uintptr(perm))szil. XA HEUE IS K, fEsyscall/asm_linux_amd64.sHaf UG 2 e e S

TEXT * Syscall(SB), 7, $0
CALL runtime * entersyscall (SB)
MOVQ 16 (SP), DI
MOVQ 24(SP), SI
MOVQ  32(SP), DX
MOVQ $0, R10

MOVQ $0, R8
MOVQ $0, R9
MOVQ 8(SP), AX // syscall entry
SYSCALL
CMPQ AX, $OxfEfffffrrffrrool
JLS ok
MOVQ  $-1, 40(SP) /11
MOVQ $0, 48(SP) /) r2
NEGQ AX
MOVQ AX, 56(SP) // errno
CALL runtime * exitsyscall (SB)
RET

ok:
MOVQ  AX, 40(SP) // rl
MOVQ DX, 48(SP) /) r2

MOVQ $0, 56(SP) // errno
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CALL runtime * exitsyscall (SB)
RET

A LAE ek RGN RS I 22 5098 F T runtime.entersyscallfiruntime.exitsyscallgg$. 4, X H4 s 5uift
LRI AL FRIE ?

B, KRR B T ISP, PCER A7 B £ M 1A G schedigi . AR, {47 5]g->gcsplig->gepcss, X/ R 3 [mlUscRd
K

SRIGH SRR Sched P fisysmonwaiti®, a15EA N0, MK e E 90, I
runtlme notewakeup(&runtime-sched.sysmonnote). {uﬁuzlz %u’ﬁlm, H#Tix 4~goroutine it A Gsyscall{kZs
T, EREALHCPU. WA A NEERFCPUINTE, 21 &1 m i 45 o i CPUTT A T o

TR, BmiMCache B A7, JE¥mM->p->mE N7, EREANRGTH G EWEMERFEMCachelty, I H P RIE
T, KPR E ANPSyscall.

H—"Hentersyscall & B A R s Flentersyscallblock, &2 & VFERIX A RG0H I E S HIER, Baa — A AX
S, ‘B releasepfthandoffp.

releasep¥PHIME 4/ 8, fiip->mi%, m->pt %, FEm->mcache, JEHPHERA U E APidle. TEEIX B X5,
IR ZE R R4 Hentersyscallf H 2 & B liPsyscall, JF HEEAKm->pE =

handoffpP)#:P. ¥PM AT syscallsi#lockedfiM, V) R AL TEM. BAPHREEE T — AN HATHIGHIBASIT), iR
EABIIA N4, BV R PH R4 G EHAT, Wi M startmilP 58 AMERE J5 721 £ 34T, BN PHSlidlepBA .

R G0 A 2 #lruntime-exitsyscall, XA R EUREE R G0 I HAE S AR . BB Uit mrIPAIE RS, WHRPA
7% HARA AyPsyscall, W3EEE & A —AAEPHLZE 1 R GE I HPOR R, IX 25987 CPURT ¥ DAtk p- >m&§ﬁi|ﬁum, ¥
pffimcachejflml £lm, KEgHPERAE AGrunning. 0, ‘& A—ANPHZEM R G R [E, PRI Z BT mIFIP CL4 58 4 1
BT, XINSEFFEMNTETIEGIdIeP, WA, NS 54HIIMERE.

WM HEER ARG PR, I HHSRIIX— 2008 A idleIP T, BB A ME? XA RIS 25T figoroutine tik
HEafT 7, WESSKERREBREAGrunnable, REERI4 R MHAG I, AEE1LLETmIFH i schedulers £,

goroutine ) T-BL X RFZRAL

goroutineff)yH Lo LU 8L, = TEMHinewprocl, i&‘cﬁTfnstartﬁgoroutine%}%ﬁﬂ’]u%& ﬁ‘ﬁﬁ%ﬁéﬁ’]goroutineﬂ’]sched
Wipci BN T fruntime.exit. MfnstartedFH AT 5eR FIRF, © 2R A Fruntime.exitd . X Gost g X~ goroutine
LR, runtime.exitr £ fi— L[ TAE, %4%99’\]%?&&E%Gdead‘ 5, IRk gHEIPIfree bl A

U\L‘)J:E"]ﬁ’rﬁqﬂ, sz AR F4 ]G T goroutine I & Rk A28 4L . fEnewprocl i fiigoroutine i #% & NGrunnable:lk

, FNIBITH R E R Grunning. fEentersyscall (i fgoroutineff{R 254k #% & N Gsyscall, é‘lm/%éfﬁiﬁ)ﬂﬁj‘fffw:‘?x%})\ﬁﬂ
%%éﬁlﬁﬁﬂﬂfﬂﬁﬂél_ze#ﬁﬂ%/%éﬁlﬁﬂﬂ*ﬁ% Yf\f)ﬁzﬁﬁﬁﬁGrunmngﬁ%GrunnableEl’JHti< 7Egoroutinefi 43R Hi 1)
runtime.exitik i+, goroutinediX & NGdeadik&

R, IHEEL T4 2, Gidledh&EAT BT . XANRESIFESLE FEA AR, R runtime. park s 5 (8
goroutineift AFIGwaiting R4, {HEparkixNME 4 E IR N IL G . ..

goroutine PR &R
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Bt S

5.3 Bt 5Ek

HSLU— ARG, e ARERA LB WUERBEVHH R TN 4 227, WX —x=. N Ef#goroutinef AT,
KHA IR LRI, YRGBt R INE S, YHH R T 2 R T

oy

P — BRI IE . —ANE R AR TS BAF IR a0 E s -

A TAELFE M workerf1i6, 4L RIZ1T— Mworker, fE~worker /#1557 i & A5t BN B H AT 45 FF 4047

while(!empty (queue)) {
q = get(queue) ; //MIEZBIFI—A R INHEEE)
g—>callback () ; //HITIZIFSH

AR, SRR IE, (AR ) 2 A callbackz 5, k2 TR, BRI — MRS R AR
PG, —AMESS AT AT AR AR 18] — B 5 iworkerZe e, 2l P38 Trio 2 K10,

WMIFHGolE 5 RA L THIE—L, 47, JBAERATHGoils Fokimik . BN — L L%", (52— DIBTIARN, th
Wt A EEHERUNBREL EELE—MES . FTLLRATHHE X AMESS AR D GIR.

type G interface {
Run ()
}

ATHE A2 RBMESAF], R SR Z ST RES . LRRE & RN R LS B TS5, BT R
TR, LA T XA S5

type Sched struct {
allg [1G
lock *sync. Mutex

DL e AR i
var sched Sched

oL — A worker, XA workerfe 445, EEEMMIE. [T C& Uil 1, workerf iy FHE s A= M £ A%
BAF i AMESS AT . T2 Gotl & RMERT LS U R 7

func M() {
for {
sched. lock. Lock () /R B G F B — A g KRBT
if sched.allg > 0 {
g := sched. allg[0]
sched. allg = sched. allg[1:]
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sched. lock. Unlock ()

g. Run () SSIBITE
} else {

sched. lock. Unlock ()
}

Rk, BB RGN

for i:=0; i<GOMAXPROCS; i++ {
go M()
}

T AT — MR GE D I main, SJEEAEH CiRunHABTHLREET (L% H:Fisched.allgHh, IXAMZRFEI +1T: 55 ASI (1 &
Gk — HIZT T %

ALER], XEAE P EHGoE S T ING, M, EEMUIEGOMAXPROCSE A, ¥, HuAR I, Goi&FMiREEL
AR —A TR JLAFRLRRE, AN Hhilgoroutineiz .

RGAM

LHEPEEARER T, $e TELEA TR goroutineiz /T, IXAMEANGEMRZ WML, PEEZ HTLLNIHE, R — R 0%
gz HIALE], Lk ~goroutine REZHHEAT, ERIZIBITZ A, A AR A e Bk IR I A AURD R 5 Go i L 2 A —
SENA . RuneR e — BT, FEESHRZ AT AN 2 IR 8 B F 882 1o 82 e L i A4 35 H Runide A S — A~ B ZE (¥ R S 1 H
Ty MAMUERAE —HEIHE 7, KB TR T A, Tk s FIHICPU.

AN R RINE AT BE N RGO Z BT HIE MRS, X TIX AN RS RIMB 26k, & OHEA
GOMAXPROCSA LAELFEIETVE T -

func entersyscall() {
go M()
}

WAt KRG ARE I8 ? WA EMES Fi5, S IE T GOMAXPROCSAMEFE 12 At UXAMASREFFE 1, ZEREIF%
M ECAGOMAXPROCSAS, £ 7 MIAEEA TN E (B AAE LLCPUZ R Z i T, e B CPU iy 22 PR FH #6) .

func exitsyscall() {
if len(allm) >= GOMAXPROCS {
sched. lock. Lock ()

sched. allg = append(sched. allg, g) / /1B [F] Z B B
sched. lock. Unlock ()
time. Sleep() SIS T
}
1
TR T X T

HSXA ARG B, AR BT R, RS PIRACR, AR T, WEIT LSRR k. R 55 BAA
NET WA PRI — 22 .

WESHRELETX
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REHmMEHIET RGRM, A EIRTCPU. A 72 S0 s B K 4R 77 KO RN TR R AR IX A fi] 5 0]
Ty AH AR AMWR? s BRI RS ERF S, ESIERH AL AES .

AN EERATIE S yield i 2, FAEFEAN 218 50 BORARSHEAT, Xptis LB —ARRBUR S, BIGRAZ IS ISAT IR (¥ R
pEze:#

FERSESI NI . IR AR R IR, E AR R R AL Bt T R A R g, AT DD AR R A R SOR SR AC
FER AN P REREARR ST N 20, B Hh — R T AR el e AR AT, ITRURAEAR R
FEIBAT I ) LR SO

BV IR T ARGy ield i R EL. PFE T B it 2 Tl yiel i £ AT, JEE LR BT 55
SRS TP L%

HSEGolE & Hhifigoroutine st 2 PhfE. FEANSE ARG AT —schedisit 2 H T RAF A & B R . iXFE, iXAhgoroutinest il
DIt 2, FREERk. XA R SURIFE I P AR, ARBABINE, dEWRE, EERNE. MENGEERL, HEY
HIFIPC,SPEE/b M5 B HUE i T2k, AU E FREE 2, tins &N FEE R AL A gfreefimhead 2 254
[P

Gol.0

FERTHIAARTS T, 2R 5 MG BN B R 2, XML 2 A0S . Gol.Oei Mt kN 1 — D aia ik, startmpd B2 £
FEM A FihE, Tiigoroutinef A Ml 2 goFik sl AN a . ik L BR BTSSR GE AR e A
goroutine M —HEA S RGP, schedulerh & ULEEgAIm, LA R IIMARIZITg. WIERKIN S| FI5 I EoR T
GOMAXPROCSIf Hig i W Im, M BIdsitimAkizirg. th RGIHA R, R E2GGOMAXPROCS M mAEFE
T WA B ARG A MR, EigthapdERIfiz T iIgoroutine A a1

TEGOIE & ' mizmachinel4i5, WBHEiL& %, EhBatmR 7 ATLUs T Ira MG, il — A gHaER A m Ligfr,
S LW RGN 25, WREIZTERMER T, HERmasfse MBI U IF 4k SE 1T .

BRUC BE A 2205 KX g RIm &5 A B 31, IX 88 40 R O BOHE 7 22 2R AR I 00 (8 A A 2000 B R B Bl 1 o ARSIV R G0 b
KgAK . AT RG0S, Gol.07EiX Bifl 7 —2uiibiy. 1.0k, 7EERISchedd:tfkfs —A4
atomic B, HKAE—AvolatilefI 7326 8,

// sched )R T FEAE—NRFHuint32, 17250 F 5t

// 1507 mcpu [EAE A epuizs 17 HIm# s (KA syscal l HImzAs i fcpulfg)
/' 151/ mcpumax BRA T VFIX 4 Z - mfal & H cpu

// I/ waitstop B g fE st o

/) 1 gwaiting —ZfEAIIAN KNGS, Hekt FwaitingAE

[15 bits] mecpu number of m’s executing on cpu

[15 bits] mcpumax max number of m’s allowed on cpu

[1 bit] waitstop some g iIs waiting on stopped

[1 bit] gwaiting gwait != 0

IXUefE EARIHMT RS RGN FEARIR, ©oUr 2 GRS NBIHEE A2 . HZHCASEESchedfatomic
TR, WS AT RS AT 45 0 DL R — 5 S IR T AT AS NS 30K R A kb A e e fef AR 45 14 FH
#Hcgol £ 2R /7 lcontention.

B TR RS LAAE, BRI eI 2 A TR AT VR SR B IR, Rtk goroutines AN H 0 L B goroutine £k ix S By
HEATHRE . R, R RSIHH N 2 Eimepumax, waitstopfligwaiting. RAGS AT, Btk (FFE R 281 5 X s
I 58 A A FIH 2 0 A 5 e

MAK EE, Gol.OWEEBEitah i Lba i, (Rt LbAsEmMT . (EAE thFFAE — e ol . SRR FE 2% IR T GoREFP 3T &
B o MR AN 1A% 2 A RIR 22 7E T runtime. futex() .

FAARE:
1. A4 (Sched. Lock) F K AR4 BT AT i goroutine AHSC MR AE (B4, 58, MEESE).

2. GoroutinelJ#:, TA/FLRRES HZ Hib)H#goroutine, XS EAEIR SN FAE . SEAMAR D FT 0] AFATAEAT I G.
3. WAFZEAFMCache £ F-AMA. T4 MBHZE )G, AR NAF IRt R EE T .
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4. HBIARMIE. WE. RGRANKNTEARESMEMETE, RE, SR 2.

H—RARBIE, B rigoroutine i H — MR, IXAMBURLE R HUECRE, N #Egoroutine AR K AE M BT L. SR5
segoroutinedJ#e, [P T, fESMAGE AT AT BT [figoroutine ). MR AL, £ CPUP R MZ L AT A
AL ARSI BRI M T AR R, VIO 238K . WAFSAF AL E A7 R SRR B P A MBS, ek Ere A ]
L ENZ T Go R IIM(BHLZE T R M A M AT Emcachelf)). 18175 Gof RS IK MAN A MIF LL I v] B ik 1:100. X
SRS BRI R

Gol.1

Gol.1HIXF1.0—ANE BRI Ssh L B i 7R . Ui CEB R, ZRAS b AT 2% S BR A7 AE — S8 B ek 7 2
&5 NProcessorffx, Jt1EProcessorsy b SHl T A 53 B R B 2%

MIRFOSLFE. PIREGOMIIHATINFER . UMBATGoRABIN, B FHERE—AP, MMAyidlesi# /£ R I, &
HHEP. HNIIFGOMAXPROCS/P. A IMPH AU — A E4, TARRGF L Zix A 4. GOMAXPROCSIHIBAE# 1 %
stop/start the world>kresize%t41Pi) K/,

gfreefiigrunnable \sched 1 FIPH . IXFEFLME UL T 1 TH 1 A4 R84 F H goroutine ) 11, /- T-goroutineILEH 4
FIRFAPH, e PREHIgoroutine, [RIEP R L #:(E H Cifigoroutinei T 7, A& 5HEP Lfgoroutinerhs. 4511
grunnablePA Bt ATISREAEAE N, RATLEP L1 il 4K grunnableBA A A3 K B el ik . mcache AMPF 8 E|Pr. At 24
TR, ML R FHmcacheld .

A TPJE, sched.atomicts \SchedZs it 45 7 .

AN G I B I 1IGAE Birunnable, ‘&% —runnableffigoroutinefEE 4/l KIP. MPERATG, EHGMNET
fjrunnable goroutinedipopi %, wWfaE =, PLENLAI EPH G E— -7 iZ47 figoroutine.

UMEEE—AHIGIEE, DAUIER 55— ANMERATIXANG. U, J—AMIEABI RS, DARIER 57— MR
17 GRS .

2ZHE: KEET PRI TidIeRER M B IE FHRETHIG: B RBKPHIM B ISR T HIRIP. %A GOMAXPROCSA H JiEH
M. R 5 M 3 — Mt A 2 HJE
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e

1 R

Al
5.5 B HRAE
goroutine Ak 2 i AR, (H LG 1 EE 38 1 Sl B, GofE L. 2 R W T 46 51 N ELEHI 27 146 o5 = B
M—Abugiiig

GofE itz ¥ %% fe ¥ goroutine # it pidt G R . 7 fitik &N goroutinesd LA 1F 5 ifTE% . —~goroutine R G 7EH
FEINB, 55 M e LA CPUSER R 4 & i & Ve

LI M 8% 1L 75 #stop the world i, WURBIR M B ZHEAT 1, A B AUl AL e iIgoroutine & {F ok, X4k
PR TR RSS2 R —RPR B 500, BT I goroutine® s ok 1, RAH P —MNEAE, Matiklmiore—H
SERFEBA R

3 7 AL P DU O i, R4 U DL R, R — A goroutinedZ ATIN FI G, Ml S A RIFE AT

I AHE, 2RI T AR DRI, Goik RAESIN T — SRRV G &i s IR R ERIE RIS A K 2%,
B Xt goroutine i1 fr, BB AL A

R KA ZET R, BEE4T T RKERE A S8 . runtimeS /e G 64 — ML, SaRilbix e, JFmk
goroutinef T E .

FURTIF A BLEAE 5 B RORE DI 0 h A B 22 B AT S B, SR AN T4 goroutine il 17— AMbrit”, SR5 £ ERE N B 4
SR L o IX MU T B AR RS B N 1

sysmon

TGO MW MA L I FE G251, runtimef T —4& 5 G46HE, 47— sysmoni3. X/ k%ess A e e pol 1
18, I BRI PR IS 4T 1 R TH

LG B A PARZS AL F-Psyscal i 17— sysmon Bt al A1 (20us), I Hisfs He mlig 47 4%, WP,

WA B FAPHRR S APrunning, JF H e B4&I21T T 10ms, W& KPR aTIGH stackguard & & N
StackPreempt, XMEEAEILSTRAS TN E A, AR A GIE A& ML T AIE .

H prx BB R ERES ikiE, HAAFER R B goroutine— & BT 1L HiE 478,
morestack &

AT, Kestackguard ¥ & AStackPreemptszhr & — N Hitrick i . RATAEGo 2 e A4S B BN 1A B 24 /i 1)
e Fr A7 fH Alstackguard i K v e 2 ffilk morestack sk 44 .

F¥istackguard i B FyStackPreempt/E & ik N\ e Ky 24 5 fil )k morestack, 4R 7Emorestack i 51 & i o

F— T StackPreemptfJse 3, ‘B K TAEA SEBR 1A% 2 A7 25 IR 1) -

// Oxfffffade in hex.
#define StackPreempt ((uint64)-1314)
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o 7 20 B2

SRJGEmorestack N T —/NEACHY, G &k Histackguard JyStackPreempt, A4 F i Hruntime.Gosched.

FTLh, E)H AT AIEGom e 5 20 LR R ARAI ), tin—/goroutineigfy TARA, (HZEIFRA WA R — R, Wehe
Wit . 20K, —NEATIRA LA B B RS IE A 2 B
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WA E B

6 WHFEHE

WA E B AR 2 — MG ST PR 52 B RIZSC Rl RO A MR8, — IR, AFREBLREZT,
I FZ A BLRRGUE R 2 R, T AR ROZ AR LA LB S — IR, WAREBUREE 1 pr DA R Ae 5 HLds i gk
ABERC e G VAGE, EAVEIE—IR, K Z00 P77 B S DA R 5 E 2 RBE 1«

Gos— [ IR M IiE S, Golli 5 P TaEl, B CHIRA RIGHMRERIE. RZHEI FRAFEM A REHNE
i, AR FRARGOTE & A2 T i 78 B0 T S L 75 RORR P R A T B AY

AREAG N7 ARG Gort AR BENLHL, —ADNJTTHRE AEM, 55— A J7 TR B ml i .
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WAt

N AR

6.1 W
8%

Golfi - icd R A 1 ERtemalloc EARIA KIS, & — AN ARG e O e, IR)= BRI ARV R M mmap e £

TERN— AP, BHZ—FEREARMEAN T T, CRMRERGHIERRNE, QOEMZHIAE. RE, e
AT, 2 R ERA AN A KRR B ARG R T E R B, WA IR B B R AR
R, AP S AR, Pem AR, R RS OGN, RGN, FZEE R, KRR AR
TEEANR. S35h, Goit—A3dfFgoroutinelX F 2 LR FE G =, ITLUE A N AF T B AR SR AT BE5 FEAE 20 2T T A PRI 2
Bl

FEZ LRI, AR HARRIEER TR R H A A AE, AR5 H DR, SRR P AL A
AxJR oy BCHE T RS NAE . IXRRAIEE G T 2 GAR RN Uy I AR (B . R G AR S T T, KR AR LA TN SR
Bes ANHEAAE S U AN ) R T R /SR, R R 7T A IN 2 1) OIS B e el (R e, K e e e 24 H it LG SR
iivsezEdR

GO NEN ARG LMD L — DA FIMCache (3T AN S M A [IMCachetd), A ERHLLES AL E % MMCache 7>
P, JF Hog Wi e, R ZiERIMCache i 17 N W AFIR (B 25 4Rzl HE . /T 32K09/ AT, KO0 GUEL R M 4 Jey il #fE -
PAGT(AK) N FALHEAT 0 BE A S KR SRR BLITRT SR e — AN TUAT DN BA RN AT 5, /R Gt A A 2
TTEC, RO R A HE T A

KEHELOOF A AEERZS, B —SAHH A ORI INEER . T 32KBAPIA7 o Bk 1) E IO BRI RF 00, AR
FREERD I — TUAAE R AT A R E T RSP BI85t PR ) RO i HL

gy B s AU S5 WA

o FixAlloc: &5 K /N(128KB) fRIxF 5 1% P B 73 0 4, 4 73 T &% FH 15 LA Ak
o MHeap: 7-McHE, 1% 5T RLEEEAT 8 #E(4KB)

o MSpan: —% i MHeap & # (17TL

+ MCentral: %} T4 RT3 = ) free list

« MCache: FIT/Nt % 18M—4fficache

AT LIS GOl = I N A E HG L — NP NS5, MHeapfIMCache. bfl—Z0 & B HEA AL TL, T4 Bk
MG, B A TR, Wt TANAKBI /N AR S /& MHeapfMIMSpan, i BestFitHvE AL,
PRI, T 2R SR A A B AN R R o 5 R/ R, AR xSt A s, IS ool
oo X — i R B 45 i 2 MCache.

MHeap

MHeap /2 H T B0 K (>32kB) I NTEE ], DL Z4sMCentralfiMCaches | 252t a] . & B (1) FE A By 2
MSpan. MSpanji—ANFoR7E TS AT RIS, FET:

struct MSpan
PagelD start; // starting page number
uintptr npages; // number of pages in span
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A pEil}

AR —AN L+ (TUSHTURAN), AT LA AL BIXASMSpan i Sebr ik 2310 7, JEhbbib 2 /EMHeap #4611

MHeap 7 51K MSpan A1 E Bk, MHeapHd 4 #4 i ) B 2073 A s «

freelt —4rECit, Mfreelilth EHIMSpantg AN KNI, B3 256MERL. AT 25, KAAHAEE T, dilargefiiE
Ko

Iy e 2

W GE M free 1 Bt b 0, LAyt an SR A= DB DKE J8 Ax 3 2 sl free [ 1 L an 325 Bl 2 TR /N a5 e), - AIE
25K T TR, HRIAS RN T IMSpan, EE—AN sk, DI, F6 4 005 TR 25 A8 A R

M largefE R h /0 id, $4BestRitsiik ik — Bl H % e,

AT, AE NIRRT (RIS R A RAR S I B R AE T 1Y), AT 95, B — BRI N Rt e AR S R, 3R
ABI—A R IPIES W . KW REGIF, Bl by BE R —1, iAot ik, a5e ik, forEe

GofEix BAF IR TAxE. ATLLEFIMHeapHH —4~
MSpan *map[1<<MHeapMap Bits];

AR TR A7 EE WU BRMS panZ5 iR 3R, AN A7 TUES 20 B Bimap i — A MSpandg& &, ilid map#iaé
ALK bk U BIA R IMSpan. B, 4 Ak, AT RO (k- JE bk )/ TR /MR EI TS, EE map[ 0TS 1S #)
THIBFIMSpangsti k. aifuiid, MSpangtes TiELKMT. M4, —ANZTHMSpans fAmapBafrLm, F£/0
JURS S Z 0. tin, v EEmap[502]1#mapl5051#k4E i A —4-MSpan, iX4-MSpanitjPageld>y502, npages’4.

EleugEF
[ —AMSpanitf, e B EAMMIHENE, il mapiit 3 2% 00 R MSpan,  WikMSpanifjstate@ R,
DUV AT LIRS P 3 HEAT A 9F o fJm oM IR T AR [ U IR Bl free[ 1) Bl ok A large

MCache

MCache/ZXiMHeap/Z AR, B — D leil, XN SHA — D2 WX R IR . Golf A& B il LG AR
—AHHMER, Liii—%EMHeap/Zik, fiMCachelll & Fiii—2%.

FHAMAH A H ORI N MCache, XFEIMEC/ TR FIN 5 L # AMCached /MBS, AINETT, XitGorghft
D LA P G AT N AR IC A R 2 J5UA . MCache e T/ ¥ 43 L«

SrEe— AR 5 (<32kB) i A

L. K/ RN ) _EBUE B — AN R RSF ), AR AR M Cache 4 REER . ISREERAS, B M L fi— 4t
Ko XA RERE A LIASL I8

2. InHMCache [ 42 %10, 81 MMCentral [ f14E 5 — 2Lt ST #h T o

3. nEMCentral F 4t & 25 1, B MHeap sF 52— S T MCentral i AT #h 78, A8 5 41 2 P A7 5 T BV 52 1 /D

4. IEMHeap 2 7 1, B A 2% KNI T WIRAE RS0 B — BN TU( /0 1MB) o 43 BE— KALA T3 T ERAE R 58
AL HIFFAY o

VR RRRE 2", AMCentral 5" —88" {50 2 #h 7 MCache 3 1 Ui MCentralini i F445. MMHeap
e B TR FEMCentral 40 7 3 MHeap it i T4 «

TR — /NN GeAB 2 2L e 2
1. RN RATER RS20, BeEdsinEIMCacheft H tE.
2. InEMCache H it K KB EMCache N fE k% 1, MRIE—LFIMCentral  HiE .
3. AR A T IR R AR EIMCentrals 7, MR S AT 5T .

JEBMHeapsl 87K 1, H BIIEZ B VIS BIHRAE R 5.
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MCache 2k (U T MR B, SHRURIFEHURHIA %2 L (£ HIMHeapiy, #kisMCachefIMCentral . MCache
MCentralrf £ i)/ G FTAE R U] R ARIHO T 9. A RIZE2 N5 EAHRIL, HEROBS, JEX GURIHO T 0. TUrH
MEREEN, A QSRR FEANE. SRR A GO F . AR — X SR TRIA, SR
MR A

MCentral

MCentral/Z X1/ IMCachefiMHeapiZ#. %, ©MMHeapH HiiEMSpan; X F, E#MSpantl] s s fih R f %
%, $RftZAMCacheffifH.

struct MCentral

{
Lock;
int32 sizeclass;
MSpan nonempty;
MSpan empty;
int32 nfree;

W, BEMSpan R &R OCNER % . AMCentralt 2 R4 FF /N EX 4. MCentral4i#r, #H—4
nonemptyJMSpanft fl—~emptyfIMSpant%, 7RI ¥ A FIMSpan % 7 X R IMSpan. Wil fiis:

IYBCIE AR R B, B M MCentral->nonempty->freelist/fic. 1H &k Hlifreelists 1, MIEHIX—HMSpaniii 17, KE#
F|MCentral->empty.

AT, B AR, B R EIGIF . X G IR im i 51 FTH B aim . MMSpan iRl —Ax 4, 5] T4
=, FEE—AKT R, WS HTEOR—. WEREZ 55RO T, MBI MSpan A B T, ATLE e
IHit 45 MHeap.

HE
A RPN R

« malloc.h 33t

« malloc.goc 4N

o msize.c KPR/ I L HUEE B A R R 2
« mheap.c XfRMHeapH 5L SZHL, B A MSpan
« mcache.c % RMCache AH G5

. mcentral.c %R MCentral A& 5B

« mem_linux.c SysAllocZgsysHl5% (1 SzHl
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B3k mie B g

6.2 Bk A

Goif & P I bz 3l S (o T A A AR AL F1 5000 EAT B3 Iml ot 2rstoptheworld s AN, 7824171 3prA T, S8l 1 RSH Y
B3R I SORIFAT (B8 i, R OR B B 3 el AL PR P AT B 3 sl WAC S 2R G R A 2 I )£

CERREE

FRICIE RS — MR R B IR MU S, Z5ET A — MRCHIRRIroot X,  BLE— 2 HEX . root X I 2R
IBAT RN N 2 RO AT 2R B X e (RS2 ARHE D, AR B R PR DS AN 2 BRI SOt T AR 2 B [T

To FUMT— XSRS, HURE Mroot XIS SR A BB S EIRA R . REH TS R SR,
D58 B BV AT, AL ) g2 4 b 2 P B i [l Ui 4

FRICTFSE I PR B ARick BORS IR Be. ARICHBL Mroot DXt A, 415 A root IX Ik i) 5 T 43 sl 42 51 I B
X, REIREERS B EARIS . RIS B, SN HEDC, XITA TEARIC K RAEAT . (FhE)

fir BpR T WA R

AR 3 [ WAL SRR SR 25 0 N 3z 3 RIS Rie, SR8 7 B AR DAL . — RIS 2 K0 Ras M AR i L — Mg ik,
e RAL IR SRR SR RRALBEATARAT, X R BRI 2 T . GOWHIX AR, BRI RAICHIZE IR0 R 78 2
—BL MR RBIRCA, BRATEE EREAKIN.

HE DR T AN bRIC AL E X, e RN (A Ebyte, T word) H e AERRIC AL DX T A R ARG AL FEAHLER (324
B6ANL) 2 RIARTFIBRICAL. DRIk, 64K ARG TR MR IC AL BT 7 0 R 16 HE P i) 745

AR —ANHE A RARIARICAL, (ERRICALIE IR A A7 A R I AR F 40— 4, TR 16D HE Iy — 4L, e IR
SATRAERE . FEAL6ARLFIFRICAL A 1B AR A

1621 REERAL FRid

16421 B[Rl FRid

1607 [ Tofakt /i st fbsichr
16421 EIE FRidhr

TXFEBOHE A0 — AN SR KA L (K A7 HEAT 30 DO AR5 5 o

I 4 B HE DX AL (R R0 (0 B XS T A7 il 1, HSeBE AT imheap.arena_startibhik Jyil 5, 7] L2 Sehr i A (K 4
bk o), R RARC AL X . DAGARI RGUAY], TS A bR AL A A AR -

{w#% = Mk — mheap. arena start

i Azl = mheap. arena start — fWf%/16 - 1
AL = W % 16

FRiCAL = shpicfriiht >> BAr

SRR AT B L (FRicfr & B [nIohRicin), (bRiCfr & 20 Bofn), Sk M BRI AL 2 E 2 B idric N1 < <O, etk /Hul st
fE1<<16, IR bRic i N1 < <32, Fifkhr1<<48

FLR K A7 A 5 2 T s

5 A L 3% [B] Wi
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PG CIXFIAS RIS HITE 5, S A B ST 2 v AT Ao X SR — Rt Y ROBR e i F SRS B, (el
AR IR MU Dyt m PRy BB IR 2 2 A “ GRS EAT T AR SR B R, I A R fR it
R L X ] s A AR R E

TEFFIT GG BG4 e ? X AP R B . S B AN, RBCEA SR R TR A S TR R
(9, TS R e AT B AR ST, S AN A B A M A i S5 R AR R A o R R TRE B B, RAIFFA Sl
RGBS AR E TR, BRI R S5 R IR 7 T AR IS T 25, KRR SRR DI 6] X A7 15 Rl
gz 39 ST A A AN LR 4, S b T R ) L

WA=, B —Mong s, EHME 28860225560, {HERATAFIE T 1A jElong, it LAEREAT B ml
WO 2B SRR b B, X AMEEFSI S 7 0x2101c501841 8 . f210x2101c5018/EGATHART S, IAIXAR R Tovk:
WERERL 7 BIESEER B OB BRI e A3, DR R RO S D T S R B R ek g . B AN S
TESCREIA A, (HEGRE NRANE,  #OR B0 RAUE BB 1R.

BUAEST T, GofE L LA F T FUA SRR B M B IS, RS A D iy e AR RO R AU B, E— T iflid MSpan#tify
e, REUE BARAHHEMSpan® /). WAl EpTErIMSpan, AXAF:

Ji'5 = (Hufik - mheap. arena_start) >> TR/
MSpan = mheap—>map[ 715 ]

BNkt MSpan->typen] DS I ELE 288 . 1% 2 —ANMType ) 4 i 14 :

struct MTypes

{
byte compression; // one of Mlypes *
bool sysalloc; // whether (void#¥)data is from runtime * SysAlloc
uintptr data;

MTypesiliiEMSpan B4 FL ik 2, b compressionIg ik Hedl 45 . & RIHUE AMTypes_Empty,
MTypes_Single, MTypes Words, MTypes BytesPy/>rfi—Ff,

MTypes_Empty:
P FIELER 2 freefl), BUE XA ELEAIEANUE BATTH . XML R dataldid B s L.
MTypes_Single:
XAMSpan R & —AH,  datallifFERAUE B, sysal loctl o & X
MTypes_Words:
IXMMSpanfil & 2 N (BRIFE L F7) o XA datadgm— %4 [NumBlocks Juintptr, , $04H BEEAJTR AT M2
BER

MTypes_Bytes:
XAMSpan s & i 2 TR [FIZR BB, X datalslids X A4 1 i
struct {
type [8Juintptr // typel0] is always 0

index [NumBlocks]byte
t
iR R data. type[data. index[i]]

il L EMTypes_Bytestf G A, Hauix B E JFEE - MTypes_Empty/h T-MTypes_Single/h T"MTypes_Bytes/\ T
MTypes_Wordsffj. MTypes_Bytes R it A T ff ik S5 E 4.

A, A HMSpan AU R NGE — R, A AT EA—EHFE. mEEAEH, BAXAMSpanit)
FAGEMTypes_ Empty. WIHRAF—AMREKER, K FXAMSpan k/h—2F, REARTILERN T, HAXAMSpanfiiZs
BfEMTypes_Single. BAE T 2k, H—HH—A85, Ak LLEHEHMTypes_ Wordsfr ). {E& YRR LH, 7TLL
I R AY [ FR B AR R TR A, SRR R 5] XA, TR A 23]

PR RIE BB ARETHIVE? JLIE — DR S5 1R
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struct Type

{
uintptr size;
uint32 hash;
uint8 unused;
uint8 align;
uint8 fieldAlign;
uint8 kind;
Alg *alg;
void *gc;
String *string;
UncommonType *x;
Type *ptrto;

AR RIS 2T B S AT SR, KA T FIER 20 1T LA SRR AN M R AT — AN g eIl A A 457 % [5]i sk )F 2K 0
15 B XA g S .

Mgt S5 —Bir i, XA M EE AT R I AR 2, Gorh ] — AMIREHIKRBAT Bk [n i A% . REHIHE
BN XL T

for(;;) {
switch(pc[0]) {
case GC_PTR:
break;
case GC SLICE:
break;
case GC APTR:
break;
case GC STRING:
continue;
case GC_EFACE:
if (eface—>type == nil)
continue;
break;
case GC IFACE:
break;
case GC DEFAULT PTR:
while(stack top.b <= end b) {
obj = *(bytek*)stack top.b;
stack top.b += PtrSize;
if(obj >= arena start && obj < arena used) {
#ptrbufpos++ = (PtrTarget) {obj, 0};
if (ptrbufpos == ptrbuf end)
flushptrbuf (ptrbuf, &ptrbufpos, &wp, &wbuf, &nobj);

}

case GC ARRAY START:
continue;

case GC_ARRAY_ NEXT:
continue;

case GC CALL:
continue;

case GC MAP PTR:
continue;

case GC MAP NEXT:
continue;

case GC REGION:
continue;

case GC CHAN PTR:
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continue;

case GC CHAN:

continue;

default:

runtime * throw(”scanblock: invalid GC instruction”);
return;

NG

Goif & fl AR LI R B M Sk, Fic iz B2 IFRA R, AR BRI 2. IF H BT G oSk Bl 1 RS i ) 1
I, FERSTR R LI e, I Ao SR E R, RS T B R IR Y, i SIRES U R Bedi 4
T AT 5 2 B oz % e WA T A

X T HEE R RO B, B ERRAE B, Seilid e /e WA TR E TR RIMSpan, AR5 MSpan S AL
SHRBEHEMER.

AHIE BEE AR ERZR A0, MTypeth idatafi Bz 7Ty pe s R R4, (E'EHEuintptrfin . Xt ft4
e ?
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RS QEILLaNY

6.3 LR E

H AT Go 3 mli 4% O e Bt scanblock,  JEACHS#E S runtime/mgce0.cib . XA sRBCEEH MERL, B S 1L L5500
AT LA FA KR, SMNZEER A AR X, 4 8E BRIk, AR gkl IR
SRS, AETIATIBUE B gl e 4.

Sepi vt bR I BERIT . MTyperd (8 H OO KRG B, (HELHuintptrios, A LTypediikirfaer, &&—/Mif

M NS o T AR BRI T 10 55, I CAt kst OB T s, ARG ARSI . T RAGEL AT BUR A A7 it — e
SIS R X Buintptr S AL UK L Ty pe S IR (TR EE, ARGLHRAE Y. il

t = (Type%) (type & " (uintptr) (PtrSize-1));
AT LU uintptri8 2Ty pe s /AR FaEr, st
type & (PtrSize-1)

AT DSBS, X A Typelnfo_SingleObject, Typelnfo_Array, Typelnfo_Map, Typelnfo_Chan/LF#.
EAF P TR

MBI A , FEARMPRC R, A — ARSI, X1 T #debug_scanblock.

debug_scanblock e ALK, PRLEFERY, T AR scanblockffiAs . %R AN S 505 il & — R4 R EH
ik, LR AT

DR -2 LR EPNGOF: 1 R 0] K2 5 S EPANA NS ot

SRR A5 DI A A S -

HB'E PR IIMSpan, K HhEE e AMSpan B K% G .

RSP EiTh: Y S I Y VA AR A S A A

FIWTRIC AL, AR AR BB . 500N ERRER AR C (debug_scanblock it FIRFERALARD [RImarkfir) 58 BiARiC o
FIWFRC AL FRD TR IC AL, WURBA, W2 T debug_scanblock.

KA IIRRAS AR C SR R S BRI o Srh i R AE B el 1, RS — Mk, $REI e Ric L
F A ARW R AUEH] T — A TEARE AL, IR 3R Bl

FAT BB B

GOfEIXA A AL LI T AEHA R M, 0 BBl 7 I RAT R BR . AR SAA B bl — AW s i AR, B skl
f 2 — AN A RRAS .

AT BRI S T A S — 2, e Sl SVE AU AR 1 A o AR 338 R AR PR 103 1 5 S 38— AN BB . R A de U g
W INEPNS o

R4 R HERA

while (BAZIAZ) |
HBA
Vil
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RSP eid N

BB R RIS RS TRAT I T AR, BRI R AR BT RBCE IR AR, IR A RS RS
TAET o ARSE, WERAIUEIEAL, X BRI AT U7 AR AR, X AN A F MBSt Ak v, RIMEL 6 CASHRAE
WA RR PR

Frek, S5 BB AL B BB B R . Si5e b, Gorp HBEA IR FE— BRI, N Tk, el AR A
HLFISRSEBUX AN I ThRE, X = AR 4504 53 7l & PtrTarget#41, Workbuf, Ifstack.

Jaii Workbufith. Wria st kiig, XA AR R TGP X, BRI — D, B P oR e — A
BSE R, Mg —ObjfsEr . AR RA S ARl [, XX RERII RS R R, #AENZHARILK, ]
N PERIR s . Workbuf 2 ELATRIN, —BOENA WA TN HETTE 200, il £8K).

%, KBERAT32864 M iR . %=, Workbufrh (X R4 f2 C2bricid i, miPtrTarget P CE Al GERFR IS,
W REZEAMCH . 5=, PtrTarget i c 2 2R AR R, FRERIR LIRS US55 BIER AT, A —
ANREFALN AR GBS AR, B A YR AR

W EOE R, 24— A M PtrTarget3 2l il £1Workbuf 2t X (Fd F . o B FIRAR S s ¥ flushptrbufer £, XA s £
X PtrTagetB 4 T o, izl 2mark 71, MR ERBIWorkbufr. Fridd FEEM T A3, 7ERR—
i, StWorkbuf (xR, S EATRBES I X 4 5 B PtrTarget thic s N k. RIS —il, X 4K PtrTargeth i
i E bR A H LR B Workbufrb . SXANS FE—40—40Hhilb a7, HEZD AR R RRA (KA (V3 D A, AR gt i i £ £ QA% Hh 1y B
Vi), e BN IR .

S gi Rt fstack, XA FIRIEE lock freefk. HSCERBINE 7 —DEBINEER, #EFREE ML L\Workbuf )y #47
(1. FEATRIR A, B2k e S WX ANEER P U, Bl — D Workbufoy TAE AL, [N, FRid i i op o 2 A4
Workbuf4t st EIE o Ifstack itk XX AMER I A7 i) 224t . T B RER 4SS s e AWorkbuf y i iy, i BLLRIE 3
PRfTERE, IfstackfR)Z ARSI CASHAFE ST .

S i =P P RER A B YR A, BT ROR O AR SN A T, X AR LS B O e B scanblock . XA B L
KA LR T IFAT LR

Mo, a—5, ZEMEIFT. B Mgckiruntime.gc BN LI, BSEbRIEAHRgc. HEAgeRBUn &%k
stoptheworld, EHHMbFICHIrootX g, 2852 BmarkrootflisweepspanffiFH (T4 . @frmarkfiftss, ik, &
frsweepHIfL45, #ixJastarttheworld Ul i % .

A —AParForf gty fLgcmBrhifm v

runtime * parforsetup (work. markfor, work.nproc, work.nroot, nil, false, markroot);
runtime * parforsetup (work. sweepfor, work. nproc, runtime » mheap—>nspan, nil, true, sweepspan) ;

SV AT )R R F LR FE BT markroot Hlisweepspan i . 3% [l it £:stoptheworld, ‘& goroutine£: s} k& ik
stoptheworldfi )i, ¥ Hruntime.gchelper, XA %< Hscanblock# Widrid id . W2 If47Hifiimarkroot#il
sweepspanfiid .

void
runtime * gchelper (void)
{

gchelperstart () ;

// parallel mark for over gc roots

runtime ¢ parfordo (work. markfor) ;

// help other threads scan secondary blocks

scanblock (nil, nil, 0, true);

if (DebugMark) {

// wait while the main thread executes mark (debug scanblock)
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while (runtime ¢ atomicload (&work. debugmarkdone) == 0)
runtime * usleep (10) ;

}

runtime * parfordo (work. sweepfor) ;
bufferList[m—>helpge]. busy = 0;
if (runtime * xadd (&work. ndone, +1) == work. nproc—1)

runtime * notewakeup (&work. alldone) ;

Hrh IR AT A SO TR OIS, 2D worker [l 25 AR A7 AU R AABE, iR E CRUES5E 1, e e
AR5 ff " — e RhAT

B35 [ e T R AL

B3 B i % 1 — > gepercent AR BN, 24387 4 T I A AE o LA FH o ) P 2 10 a9l g cprecent i b £ i R
tbtn, gcpercent=100, HHifEH TAMIBINAE, A LN TCEIABME B kge. WREIGEES, WARIEFER
5M, HS4 T R BN HLIU G A/ BLiE B LOMPIgE . a2 t, A RNANTRE , W3R RIS, XAFIEME
B RS AR LR, &S NI 5.

gcpercentE/Z M A EGOGCHRM), WERAREX NI, BAMEAEL00. WA e B E Roff, W& R
Ee
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channel

7.1 channel

channel¥iE 4

Goifi &channelftfirst-classf, WA E T LA R G, WM ASHUL 4 RH, 0T BUEDy s B IR (R ] .
TENGoiR & LRI —, BEf&channelE BRI &, H2Hs5ichannel(Ua & — M EERL L, 4578 LI

struct Hchan

{
uintgo qcount; /Bl qH e S
uintgo datagsiz; // FRTE B Bilq 954 A
uintl6 elemsize;
bool closed;
uint8 elemalign;
Alg* elemalg; // interface for element type
uintgo sendx; // Ki%index
uintgo Tecvx; // W index
WaitQ recvq; /) Brecvil B ZEHIZEF5 B Z
WaitQ  sendq; /7 Blsendii L ZEHT 5 1# B FY
Lock;

}

EFARE —AHchan@ N5 f ik . Horp—ANZ 0 135 2 7 channel 3 IR TE LS, Higcountfllelemsize sl fa & T
A 25 B A 24 R B . datagsize/ZBA A K. elemalg o Z MBI —ANAIgZE K, 1838 F o RIMEE(E, Wncopy
., equal®%, hash#%.

FIRESA NSERE, Stk R 2] T BSIR/NHISR I, I8 B i W] 2 an R gerb X (K chan, e X
St B B AR Hehangi i kb 4 B i .

¢ = (Hchan*)runtime.mal (n + hint¥elem—>size) ;

F—AEIEI R L recvgMsendqiANEER, — AN SRR NI 1 A IE AU goroutine, BN IR R S X A i 1 BH 58
fjgoroutine. Wik—/~goroutineflZEFchannel 7', A&tk Erecvgiisendgd. WaitQ2 £ Mw X, WBE—/1k
S R — AN R4 A

struct WaitQ

{
SudoG* first;
SudoG* last;

BAS R R AN B2 — A SudoGEs H iR ZE &

struct SudoG

{
G* g; // g and selgen constitute
uint32 selgen; // a weak pointer to g
SudoG* link;
int64 releasetime;
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byte* elem; // data element

LA E R g elem. elem ] TfEf%goroutine s . BBIEN, K< MHchan A St #% 11 $]SudoG
Helemid. Hi@iEN, 202 HSudoGHielemists I EHchan i pAgl .

HchanZi i~ & prs:

EEchanneli#fk

JofHchannelfifE, AR S channelifE, {EIR)Z2170 B3 B — P runtime.chansend i 4.
c <{—v

TEIZATIN b 2 AT 2
void runtime ¢ chansend (ChanType *t, Hchan *c, byte *ep, bool *pres, void *pc)

Hrrcgiitchannel, ep/@HAEEvigihl . X B A HEAE 28 R ST ECITFep 2 18], 30 RG22 1A 5 ) U S bt 1
presZ 4 fEselectH HHHE #AF T 1.

A MBS o X RFASTRR T . FPRiEchan A g X, FITatSIZE, iR 2fichaniiZi X, A%
DX A P 2E

TEFERSIES T, HTFchannel &S @A EIREAAN, XE ks EHHChang & F frecvabE R 7587, WESHAE N
BLZEIE M goroutine. WA M AT LLIER Schannel, 75 UHEAE S FH %

recva NI, K —NSudoGEF M I BAA, 4% 25 8 T8 (K5 (8 502 Hiep) #5 I 2| Sudo G i (elemis, JF#t
SudoGH I gIR B NS R, R E Nready, SRJaREGR A

Wifrecvg s, HUEK MHrgoroutinefl g€, M —4ASudoGE/IE, HFEEMsendgit®F, X4SudoGH [fjelem
W& Z4eq, SudoGH g Yiiffigoroutine. *iifgoroutines: 4% & Hwaiting R I+ 2 E RS

EFBIEDL, R 7, WREZE LETgoroutine s — i /E NSudoG4: ik fEsendqB s, F£RAE
channelifHZE. HNHE /G H R ArecvgiE RS TN, HEEE.

FRFDEARFZEchannel B X RN, XKEARIHESHE, MRBEdE channel iy X, A RE .
BEchannel (HAE R U, X B AR EUE runtime.chansend. — ANl MR, FEARKIERRARE ZEAR L1 .

TR TR TURRE IR NG 100 3@ 45 1 - A A 0% P

BB AT — N channell®{ i Anil, 284 € UG AR I makedt T ¥1M61E. 1% IEGoTE & MiE & MV, 15 25 I8 2 AGm b %
. HSEfE#runtime.chansendfiiruntime.chanrecvJ Sk A HIBHX 2500, AAUR S8 2 10, W ELEER 41T 1

goroutineit FZE BN, IRZAS W E Fwaiting.

BRI, A PAZE, SR — AR R B XA IR, B E ) R S Hep
. B ANKMGEE, W 4panic. KW, B4 S Hpanic.

selectJsL3
select-case ffichani®#fEgm ik ik [ if-else. Lhi:
select {

case v = <{-c:
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channel

...foo
default:
.. bar
}
FE TREYR

if selectnbrecv(&v, c) f

... foo
} else {
.. bar

eSS

select {
case v, ok = <-c:
... foo
default:
. bar

SN SE

if ¢ != nil & selectnbrecv2(&v, &ok, c) {

... foo
} else {
. bar

BN REE — FselectnbrecvAHG MRS T o FLSCBATATATRR IR I 5, 1% 8 b 25 - il bl F runtime.chanrecvif
B, AAMEE T A28, HiF4runtime.chanrecvifi®l, ARRESE AR IER R ZEEHZE, iR AR . M2, FrE
selectf/E L Se#AN AR A K 1 if-else W, JiCJZ U A/ BH 2 i1 8 18 B a5

fEGoRiE H HE T, selecth iicaseIPATIRF EREHLAT, 1 AEswitchthi)case it —2%& — K KIRF AT . M4, Hfsk

BLREHLLE ?

selectfllcase (i T T IH [ 25 A4 4k«

struct Scase

{

SudoG sg;
Hchan chan;
bytex pc;
uint16 kind;
uint16 s0;

bool* receivedp;

struct Select

{

uintl6 tcase;
uintl6 ncase;
uint16%* pollorder;
Hchansek lockorder;

Scase scase[1];

// must be first member (cast to Scase)

chan

" return pc

// vararg of selected bool

'/ pointer to received bool (recv2)

/ B Hcpac
S

[1445
YFTHET T Hscase [ ] ¥ &
/ caseffpol LIX/F
// channel FIEE1EHTAXT
VP case SAEGIINE G — 1 Scase, NiF2#ZHINIKIT
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channel

g4 select#ixt N —/~Select4ififk. 7ESelect#di4s i 1~Scasesidl, 5k F T —4case, iMScaseH &7
Hchan. #AJ5pollorderf ko ZBENLHESI, X R LA Scasedl/F T .
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interface

interface

7.2 interface

interface/tGoiti & NI BLIH 2 —, ZE¥interface r] A U /E“We 5" AU, B MG GoX M IE&E ST 17— M
ENANE, (BEISCABUR IG5 R 2 45 T A 1O g TR IR (%5

M T RO AR SEBL, B A S TARIK, KRR MR IEEATI . (HRACA LSRELC++ R T X %7 5
g I, A AATEAN THRIX . A A BT MBI ? St A B 2 AR RIX AR A5 It 2 I 1 X 5 b de o
PRI AZ e AT St RO A B2 Rk 1 3 e AR 2245 o T A U2 5 SEBLRE PR PP Sl R & B AR, Sl
NEFERATRICAE AT PR, Pmsl rRZ R, NMEEAR, GoWinterface TATHTIT V' — BB HIE .

M4, Godfinterfacers &2 2 Wil S e 2
Efacefliface

interfacesipr Eaife — MR, WEPIAMI . Hrh— DR AR R HAR B R, S Db R TRER.
U T3 VAR IS AT AN T 70 A 4 UMl 7 325 R 432 11 A P A i 4 «

struct Eface
{
Type* type;
void* data;
};
struct Iface
{
Ttab* tab;
voidx data;

JcEEface, ‘Eitinterface{}EEMHMEHREM . BAREH AT T —Avoid s, F—ARALEMATRE. interface{}
PRI A GERCE S P void 2 EAR LM, God AT R A8 AT LR R Ninterface{}. AFRIZAEAET, interface{} %
RS R, TR LLSEHUR S

FAUE DGR E LT -

struct Type

{
uintptr size;
uint32 hash;
uint8 unused;
uint8 align;
uint8 fieldAlign;
uint8 kind;
Alg *alg;
void *gc;
String *string;
UncommonType *x;
Type *ptrto;

HSERRRMC S RS T T RS Eeh, SRR Ty pef Mk fitgctsing . AEIZE BRI 2885 BRI A 5
8, Typem s B etk b ALy, Hepsizeffiid MM AN, hash#dliiihashiii, alignZx5F, fieldAlginZ
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interface

XABAE RN GRS O 5, Kindg— MR E, ERESEAR T —AMhiT . alghit — A REIRE IR, ik T
hash/equal/print/copy lU/~ & ###AE . UncommonTypesefiin— MR EdRE 1AL, Wik 1 IX B SEBLI BT J5ik

frreflect@ A NKindOf k%, iR [0l—Ainterface{} I Type, FL5ziZ ek a2 (i . 1 i Eface H Ty pels.

IfaceflEfacelg i ANF, R4 ikminterface K Z M H MEHIH A . datalfFFE &R R EHR 1, Miltabfgsfun .

struct Itab

{

InterfaceType* inter;

Type* type;

Ttab* link;

int32 bad;

int32 unused;

void (kfun[]) (void) ;
};

ltab AMUAEE T TypefE &, 1 HiE2 17— AMvERfun[l. —Mfaced R ARSRA szl i 77 ik 2 s VL Blitab i fun 4l
e

FARRR A O RA B E

He RS E S interface { FIXMEIUM G, Al 2 Je RIS ettt o WA DS e 4 g BRI (il 1t S 58
W KB 7 I XA A R T IR AR Y SRR LRSS O B D R AU e Rk 1, XA R R
Befei, gk M-—/MEface, KEfacerffydatatiftiiim s f4dE, typefitt 2R AdRE MTypesit k.

PN R O AR Oy, S8 —2, Wi 7 — 8RN, IR TSI 1k O A W P T iR
DIEAT et o IS AE A 25 e R TR ), JRATTT RS DK

type I interface f
String ()

1

var a int = 5

var b [ = a

i AR

cannot use a (type int) as type I in assignment:
int does not implement I (missing String method)

Y] B SRR A 7 1% e 1 SR AR R A S T R P R AT R

T IZA RIS LT SEILWE ? FEruntime FRE Tiface.c3Cff, RAZ2 IRASRAEZ AT A i R i, Hhf —vitabeg
BOJ AL FIMTFEA BRI T HA R, W2 R [0 — M tabsi i 14 .

AL PR ARSI S0 LU LR SR B (0 7 vk RN L R BN T i3k, G SRR B R Sl 1 e I 2R AU BT A WA BT A I 77 il
BTypedit k2 MUncommonType B, BTk 774K, B FTseal i 7 k48 7E Bl . M7EItabH a4~
InterfaceTypezBt, EANFRHA —IKkER, HURX MEOFTERM T XA R AT, REE—miy
PREAT IR, ROZ e LLATE Ty perh A st T 4% b B B BTG Tk . IJEie 206 Type ER h i s #dast, #% U FlItabimy
funz B,

RHGRE] [ =ATER, ARASIENTS, UL —T.

TypefjlUncommonTypei i —/ Nk, FEAHAARBRBISEL G ik wIER Xk E T . reflecttufiMethod il
MethodByName J7 i #f i i il T ik sk R Se ol . R b (04— — " Method, HLEELEKWT:
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interface

struct Method

{
String *name;
String *pkgPath;
Type *mtyp;
Type *typ;
void (*ifn) (void);
void (xtfn) (void) ;

IfaceffltablfinterfaceTyperf b A —ik Jrikidk, XikJyikk g D= Hm ik, it —I2E—4IMethod, %4
I

struct IMethod

{
String *name;
String *pkgPath;
Type *type;

}

ER LT Method 25 # pons L m] BLACEL, 3% BLE A 7 A S LY
Ifacef iyltabifuncifith & —5kJrididk, XKFR IR — e — R B e, sl ALl A i,

BRI R 2 B Type P (0 1R 2 AL T InterfaceTypell 5 B A ik, IHEType i idid Pk sealis 7 #
Fltabffuncilk £ .

reflect

reflectififsse —MEMZOMIOHIR, AEEIRBRUNAME R, EMValue’. reflectshiiTypeOFiValueOFi ¥y
BT

PUTEREA
v, ok := i.(T)

REIITRE, 2 I — A i BRI R A 0 AT, SR MK IR M1 v o SR LT R 2R A A — A, A e 460
RBATE. At A IR B AT AT 9. fEruntime T iface.cefhi, #— RS assetX2XE#, i
runtime.assetE2T, runtime.assetl2 T4, XAMSEIEK LA, NFZE L Ifaced ltabitypet & 545 E Typey
A4~
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I

JiiERH

7.3 FERA

558 4 o B

12368 PR BR B FH ER CHE 3 P TR FH O sU3E AR B — R, B T 2R IR — S i X ), LRI T # .
it 8 BB

RIEGOE 5 R, X G 5 108 AR 24 343 e 0 F 1 — AME AR .

type T struct {

a int
}
func (tv T) Mv(a int) int { return 0 } // value receiver
func (tp *T) Mp(f float32) float32 { return 1 } // pointer receiver
var t T
Fikx
T. Mv

BE AR ZAREE TMVER S DERIEREE RS NS, hiie

func(tv T, a int) int

T L A S

t. Mv (7)

T.Mv(t, 7)

(T).Mv (t, 7)

f1 := T.Mv; f1(t, 7)
£2 := (T).Mv; f2(t, 7)

ATELE T N7 A I i AR -

type T int
func (t T) £() {
fmt. Println(“hello world!\n”)

}

func main() {
var v T
v.£0)
return
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http://golang.org/ref/spec#Method_expressions

I

F e AT i
go tool 6g -S test. go
PRI GRARTD A2«

0044 (sum. go:15) TEXT main+0 (SB), $8-0

0045 (sum. go:15) FUNCDATA $0, gcargs * 1+0(SB)
0046 (sum. go:15) FUNCDATA $1, gclocals * 1+0(SB)
0047 (sum. go:16) MOVQ $0, AX

0048 (sum. go:17) MOVQ AX, (SP)

0049 (sum. go:17) CALL , T. £+0(SB)

0050 (sum. go:18) RET

WNSEEIC T T DU, 7 BB 6 2 AT O, S B R A 28— A SRR AT ).
HEXT R

FEGO A UK, (HRA MRS . N IERS R E AR AT S — a0 it 2 A R
FAMTT -

XADIREAR I SCBLINE 2 FLIARMT L. 25— DSBS PR NSRRI, R ER s VBN G R I Ty pe 554
Hh o SRS R A I A T DA SE S o o 2L X R R 2 A P A S 3 e R e PR TR A

‘ORISR

BT VE 0 R S S DU A AN A, AN AL AR TE T e AR O b IR AS 20X R R BB B, SRR R, T2 B
FEAH R 0 e B L

XYRETTER, SN TR R BRI, BRI A e I T LR SE . TR RO, RO B IS AT IN A R

o AFHARMEIESE DN, 22 Type AR SR B LR ER S, X5 DUk M s otk A 2 e ok Bk, 3%
L7 i AR A B 388 bR O P RO R i i, 2 7 L& 9R 2.
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RS

[0 2%

8 %%

KB RATA — T Gol M2, Goft Mg J MIRABIIEEEE, R —MERMIT— N goroutine £ AT, EHIIH] ™
FAF, AMA e NI g fE i, IF HAERERAT IRIRAT . IXSEH1T 25 T GOl I 25 BB (K S B o

i Fgoroutine s AEF B, IRA S il IR £ (goroutine, X i 45EH0 il — S goroutine T 4 1 3kt . GoXf 4%
MIALER, TEFH P2 REBLZEN, SEUZRARMHEEN) . X — 5 R RA VT 57U Go & iif £ 25 irepoll/kqueue, JyH = $ 4 A 4 1) BH 2
AP,

I, BATEAE — N GoSt M4 21— teapii W LM AT B

2% SR s R SCRS (www. topgoer.cn) i % - 80 -



JEBA ZEio

JEFHZEio

8.1 FEfHZio

GO AL I, FEHI JZRELZEN, XFEmAT A MM EE I B fEruntime/ZiH, 2 Hlepoll/kqueuesiBLiERZEio,
ItEREBL B 1 ORI

AT SR

JEEJZAEBLFE oL N SR 2 7 S, T SO R IR 2 O v B AR ZE K, FEAgoroutinedEATiof A, 1 5 AR
BREF, WRIEZ0IE MR LT, WX -goroutine MBI R MAE RS S, 1XA~goroutinek 2 TIE4THL, (HIFAKEFTIER
BARGE T RGMA.

5 AR —pollers ANt frpoll, A iSO R R A RN 2] 13X A~ pollertiffy, 4EAN 21— AN SCH R R 4
7, pollerstemfii > i K M % goroutine, T/Zgoroutine & Hriz{Tile k.

XA pollersgftJa & —EIZATH, BN RGUMEZ TNy 1 RLIF A IREE . HddEproc.ccfFh, runtime.maingsi#t
55— A7 ARl A

newm (sysmon, nil);

XA RS E— MIFE T2 T sysmon sk E, T B Mt S LS %, © o BB — MRS, sysmon B 24
WA, BRI —/N )Lt runtime.epoll F %, XA>sysmongli & i fpoller.

pollerf&—A~thgc B m e M Z: v, I LAWASWE? 155, $udk a2 FHruntime.newproc g i Hik i1, BAUEA
goroutineft%%, TMpoller@ B newmE 7 ki, Eiistartm 2 200 . a4 T gc R 22kt T 4%, Tipoller
H B EiEgdworker. 5, gcR iR R A0, BN, i pollerd &4 kR K it 2 - 3higfr.

BHERK

MR shepoll #G MM, RIS dtan 1 M EE BEpa B, aT DLP I =AM ER R R =ANZ R A, KT RGtapid e,
PRSI runtime:i e, SR ftan )T IR

R R — 2R T KRG A . &A1 E TSR —F, tnlinux Fi2dd4eiepoll, freebsd Ttk
kqueue. EAlinuxyfil, szl 7 —41H A epol A R Se i FH 34

int32 runtime ¢ epollcreate (int32 size) ;

int32 runtime ¢ epollcreatel (int32 flags);

int32 runtime ¢ epollctl (int32 epfd, int32 op, int32 fd, EpollEvent *ev);

int32 runtime * epollwait (int32 epfd, EpollEvent *ev, int32 nev, int32 timeout);
void runtime ¢ closeonexec (int32 fd) ;

EATHE B Vg 8 AR U AT SR BL, B

TEXT runtime * epollcreatel (SB), 7, $0
MOVL 8(SP), DI
MOVL $291, AX // syscall entry
SYSCALL
RET

XA bR A TR A R T — 2 BR A
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runtime * netpollinit (void) ;
runtime * netpollopen(int32 fd, PollDesc *pd) ;
runtime * netpollready (G *¥gpp, PollDesc *pd, int32 mode) ;

runtime-netpollinit/Z X} polleri: T ¥ #H 1k .
runtime-netpollopen/& Xt fdfpd 4T Ik,  SHlidn i fh A& 8 4.
runtime-netpollready, #7722 XA b HOk Fonfd 2 5 2 11

ANERIAT 6, B ARKIT ARG B hear, Feft Lt — A B fftruntime il

PP AL Mpollerfid e, Wmtitruntime/Z M. X — RSO RAR M, EX MR — AR D .

func runtime_pollServerInit ()

func runtime pollOpen(fd int) (pd #PollDesc, errno int)

func runtime_pollClose(pd *PollDesc)

func runtime_pollReset (pd *PollDesc, mode int) (err int)

func runtime_pollWait(pd *PollDesc, mode int) (err int)

func runtime_pollSetDeadline(pd *PollDesc, d int64, mode int)
func runtime_pollUnblock(pd *PollDesc)

XU truntimed a7, R4tgnet@ IR, Rl E X 7 4 PollDescHIgiifk, #fdFxtRifigoroutined)
S, M SEE 2 goroutinei 5 fdHZER, #igoroutine?s JyGwaiting. 25— 1]k f & SEHLHI4H7Y

IRJa— BEFEF VO Mnet@. fEnet( P Mg AR FFAE ] — I netF DA M AR IR, LA pl i a2
pollDesc.

/) PSSR T

type netFD struct {
sysmu sync. Mutex
sysref int

// must lock both sysmu and pollDesc to write
// can lock either to read

closing bool

/ immutable until Close

sysfd int
family int
sotype int
isConnected bool
sysfile *0s. File
net string
laddr Addr
raddr Addr

// serialize access to Read and Write methods

rio, wio sync.Mutex

/ wait server

pd pollDesc

FrA 7 I net R I T 28 ) Blpol IDesc iy bR —ZH e By, XAFRsiBl 1 2igoroutinets: ok 5 B 28 I 2 il B4 5 BA
Po EERICRME 2 P2, )2 AFFLZE.

XA RFMgoroutine
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Yi—A~goroutinedt1TioBHZERT, £ WM NFI . X BRI Al DG B 1A A 2 SRS AR IR R Al goroutine 2 (] (¥ S HE
pollDesc&i A& 5E X MEF . & HIE R E LU «

struct PollDesc

{

PollDesc* link; // in pollcache, protected by pollcache. Lock

Lock; // protectes the following fields

int32 fd;

bool closing;

uintptr seq; // protects from stale timers and ready notifications
Gk rg; /) REEXANMAIPHIERG, “EfFREADY(S S

Timer rt; // read deadline timer (set if rt.fv != nil)

int64 rd; // read deadline

G* we; // RFIXAfdifi P ZE /) goroutines
Timer wt;

int64 wd;

AR, Hrhlinkgi 2 i e k. PollDesct KA IARE ), KA IR T R/ B H] 2 Ja A1 243 2
epoll/kqueuei 5@ fl. Sk — 1 seq s, RERIBRGEEL X ANF 59N, HdeadlineZesi# b 77 5
I, s,

runtime_pollServerInitff) s BLsh & I H 58 T 2 runtime-netpollinit & £
runtime_pollOpen M PollDesc &Mk {7 s — ANk, WEIFEmfd. ZFibiiOpenifiA&new, it Z&K JyPollDescs
P A & A

runtime_pollClose 4 %1 Hi runtime-netpollclose & % PollDesc 45 Fy A i 2l 22 47

XL K Ffd 5 goroutine s B4y, AR Enfepol i . M FIfx AN i 4m] LLE #fd 5 goroutine s B354y«

func runtime_pollWait(pd *PollDesc, mode int) (err int)

‘B4 Flnetpollblock, XA HUEIXFETH:

static void
netpollblock (PollDesc *pd, int32 mode)
{

G **kgpp;

gpp = &pd—org;
if (mode == "w’)
gpp = &pd—wg;
if (kgpp == READY) {
*gpp = nil;
return;
}
if Gkgpp != nil)
runtime * throw(“epoll: double wait”);
*gpp = g;
runtime * park (runtime ¢ unlock, &pd—>Lock, “I0 wait”);
runtime * lock(pd) ;

Jaruntime.park i, 2K MiTIgoroutine (I # ) & B hwaiting k4.
T — 5 2 goroutine B FI S A BA SRR 4y, N IHE T MBI 2. FEsysmonsi g, S A i A

runtime.epoll, X4~ HO6 24 1N 2 %8z 17 poll, IR[EIR[iZ47fIgoroutine. epoll A A& ANMfdiiss 7, AT B
JEWR~goroutinest 4 TR ? JEKepollffidatalli 715t /2 PollDescEE /i ik fa 4T . [RItbanl LA 2 H i figoroutine T »
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cgo

cgo

9 cgo
N —ME F cgo il T

package rand

/%
#include <stdlib. h>

*/

import “C”

func Random() int {
return int(C. random())

}
func Seed(i int) f{

C. srandom (C. uint (i))

}

randfl: N 1"C”, (HAETEGOMARMEREFIRA — " CE. XREBIA"C M, X2 —ARRIAT, cgoilidix M
KT E RS HICar A2 R . Godi Pk S AT 5" "R X A dn 4422 0], i Co i as (T AR R 252, DI CR i 4 5
GoZi i 5 JIE N1 A H CIRI i 44 205

FERGFEEENIX — B 21, T S 82 N T — e ]

1. Gof HIf 270 Botk, WIRROR/MIDN, 2R B AN IN 23l 350 K. B R KR i 1 HE s BON ARSI 62 S8l . 2R
MCRREAE 7 BobHOR, I AR B 2 0 K IK . A Go i AbHE AN ik cgoifi i & A Ak ti (1 2

2. Gofftigoroutine# 2 METT, 24T 2 runtime R B ML AT I . SR CHREUE A2 5Golruntimefix F
2ZH, FTLhcgo I BREAS & — AN MER I, A2 4 8 itk N CRR 213X A goroutine %" ?

3. cgOMIUNE MGOIHIC, IEAFEMCH A GO % . 1 HL X AT WB L A 12 28RS 67, CRIHH Gom$if, mif
HFUREFH T godEifigoroutine ), {HE/ECH EA L EEGoruntimer.
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T AR

TS H1R

9.1 W& AR

Cgo M S IR G I R 2 LU 2 1K), RN 5 Go R 41 F 2495€ Lh A ffigoroutine YT FE# A — e AURHE, RIILIX B e s —
LETAE A

R P T R R 0 BT AR, IO (BT S I R A .
m¥ig0£k

Golis AT Il A 1 LA S g i ik, A MENLE i R . fA-MITLLIZ T &1~ goroutine, 7EZEFIAEMIKE LA —A>
ARXT R I goroutine I gO (IE 47 o3 — AN b EF#k M gsignal, 5T AR IC R HAVE) . HAIXASgORFERTEA AT ?

gOMRIk 2 Ab T i i A LA I goroutine, R SR FR N mEIgORR™ . GorEHAT I AR SACISIN, B4 HIm g
gOR. H—AgPATHIZIAEEAISRAIAARDINT, " IFAR B B CREP AT, TS I B m A g O Ja fF AT AARS -

MK gOR e — N IIAR, g0 A% B goroutine I Bl id AN, gOETEM A IS st AL Rk, I HAAE A AR =S [F E
R, AT DUMBRGE B IR /N L0 KA 43 Btk . T i@ i goroutine /& fEruntime.newprocks @3, I H A dhkE 4 8] 4
BEAHR/INAK), 270 T B K. A, mk g O R I 33 S et 7 o B 2R FE R A%
KEERA S T T — B RN Bk, TR T RTTHER I IBA W R Goff FH & 7 Bk, WA /MBS, 2K
BRI 220G . B0 IG KO I8 I N bR B F ARSI A S8 . SR CRRECR T 23 Bk AR, IF BRI 88 K
M. JAHcgofRESHS, (FHMEMMIgOR:, XE—AN R KNS KA 5Bk,
B Enewm & Bl — AN g5 M, i runtime.allocm 2 EEMBI 2310 . & (RO & X AN 4 L I -

mp—>g0 = runtime * malg(8192) ;
SRS AR LK ? XA R EIEM TSR, B R 8K HAR K 2 54 hn B A 1 C ek 5 £ F e ok 8K koK
INGE R AW ? AR R — T, BATE#E S — A S0 ftest.go, PIARWIR:

package main

/%

#include “stdio.h”

void test(int n) {
char dummy[1024] ;

printf(“in ¢ test func iterator %d\n”, n);

if(n <= 0) {
return;
}
dummy[n] = "\a’;
test (n-1) ;
1
#ego CFLAGS: —g
*/

import “C”
func main() {

C. test (C. int (20))
}
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S

s fitestyliB M 2 JE, RIS AR B 8K . ARG ? BMFFIsT IEW, thatidkd. Mtale? iy, 2
e TP AR SR

HARGAH

GOMIgATIN XS R FIAE THRFIRALBE, BT KB R 207, #2%6MAruntime.entersyscall, M7EH &40 A
M I, 2 runtime.exitsyscall XFHHURRER A BB HIOC, H IR IGZ4EFFGOMAXPROCS AR, Mk NFI ARG
AEF, runtime.entersyscall £ Pt M2 I & % B NPSyscal IR A, A ARGk e PE L s, MR &2
GOMAXPROCSANPTEIZAT -

runtime.entersyscall i 2 2 Z IR [, EAUGERE] — B MIEH . BaXBcgo LA AFKAME? XAFK AT KL !
TEPATCgom B 2 /1, HszRgia e runtime.entersyscall. X2 —MECEHALTE, GoilcgofICrb i FH 14 2 41
RS 257, ARSI T . Xk EE T AT s =N . GoH igoroutine & MER T, 21T EIHH
runtime & N s A HLE#EHAT I . AT CEREUE A2 5Goruntime X Fia2 T, T LAcgoif B R & — AN MERK, R4t
fi k43 N CER AL HIIX A goroutine” 4" ? B EifEix B. HCREG ARG A —FEE 2SIk, 1X/~goroutineth i A 24
Z 5T . MEE S goroutine IE ¥ (ST A2 R0

BHARGAM

B H R SR ERAE N RS — /MR RE, runtime.exitsyscall RSB E LA ARG TP, Wik S 4k8:581T, &
MixA~goroutinest H it 1 .

XtFcgof gt 2 FFERIMER, | T cgofICEREURT 2 & 2 Hiruntime.exitsyscall.
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CQOREEH AR

9.2 cgoXEEAR

b AT T AR, R T AT B X TR TR WL T cgo s Bl ] B — LS EOR . T
X — RIS K B B — A AR A

A COM BT ) LA 2y, AT cgofin & A RSO, T 6 A6 g Golx —im I CRS HEAT 9 3, fiig Xt CHS— i
GBS RERRE, AR, SR HOB T IS AT R S I GO M CHLAR AR (1 — 2L 30 FF o

CQOfiT M HEBE LA, XA A 6 R ir &FHI, EATREGOMCH AL MM . SR I CI 2 i HT gt 1%
JREN AL P RE AL -

cgofy¥

QCYm AR LE G PRI ST AR, an B tH 9ok ST R

import “C”

TR, Hiadefcgomn 4. cofRIUHAH M 1 CRAEEE 17, AR, HeindkA 1S —4~go3tfFtest.go, AU F:

package main

/%

#include “stdio.h”

void test(int n) {
char dummy[10240];

printf (“in ¢ test func iterator %d\n”, n);

if(n <= 0) {
return;
}
dummy[n] =’\a’;
test (n-1) ;
}
#cgo CFLAGS: —g
*/

import “C”

func main() {
C. test (C. int(2))
}

e hATcgomin 4
go tool cgo test. go

TE 200 H o R 2R —A_objse b e, SR BLE 8 N oIt

F—— cgo_.o
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F—— cgo_defun. c
——cgo_export. ¢
—— cgo_export. h
—— cgo_flags
—— cgo_gotypes. go
F—— cgo_main. c
F—— test. cgol. go

L—— test. cgo2.c

ML

CQoE R TIRZ 30, HAKZHEHAZAEEMA ML, Segidtirs. thinfitest.cgo2.cH, BAM T —ANRECk L
testfi %

void
_cgo_1b9ecf7f7656 Cfunc test (void *v)
{
struct {
int pO;
char  pad4[4];
} _attribute ((__packed )) *a = v;
test (a=>p0) ;

TEcgodefun.cHjE s 7 — N R ECR A & :

void
» Cfunc test (struct{uint8 x[8];}p)
{
runtime * cgocall (_cgo 1b9ecf7f7656 Cfunc test, &p);
}

test.cgol.go Xt — A maineh L, o s a0 R

func main() {
_Cfunc test( Ctype int(2))
}

cooffix Hed 2 JF Kok | W 771, —J7 T & Goig 47 I i F cgof R I B RR ik Ab ¥, b fruntime.cgocall. 55 —J7 T & i+
GoFICHH KM Z 23 A —FE, F8hn— 284, 14 -Cfunctestd (- F17 RGoffi FH i fir &2 Al X 4, AECIX A F /2
cgolb9ecf7f7656_Cfunc_test.

cgoL WM RMC.xxx K, 1 FHgee k4R BIxxx )& Lo CHIIMEARISA & B i oA RE B K/ GO F AR AL, CIfIZs k4
SEAR NGO IYIR, X R AT e e . TEROR K 2 by te AL E . Cltunion B Gl — AN Gk ik, XA

SERRT S H - Aunionl , ARJEITREIE S s . CIBL R Go i $idl, CIREHH NGotkEr. CImAdRst
SR NGoh fuinptr. Crifvoidfg4t H i hGolunsafe.Pointer. T HELIIC.xxx M 25 4 e i N Cxxx o

niboooe Hdli, MacgosibCoxx 3l AN CAE & Gl L) o ik, cgobisI N\— A Go g CAE R, iRkl
SRR 1A . B0, gmplEr:

mpz_t zero;

cgoz= Gl A=A 55| HC.zero:
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var C zero *C.mpz_t

SRJE K A 51 1 C.zero) s il 4 (*Czero) .

coo¥tffurlip B HH 2 R W xxx 2 —ANCHREL, A cgos B E Cxxx A—MHIMBREICKXX, XA BB — Al
pthread i I CHIxxx. XA IR BUL 7 STHEAT SR A, HAA S, WIxxx, SR Fedaiz [l £ .

SRR [ 3 5 AT R — B0, B 7 3. e CH R R s o TR BT/, T 7E Gorh 282 i 3oy A 20 6 it
NIRET.

AL PRI MR AR IR, SR Gorh 51 T CFRET, AEHEIIN TR, XA S . BRI CHH ] 1 Goliks!,
B2 GO B IS I AR, TPl 2 ARFRIGL

BATH B A

IBATHT E SN cgo i i — b 28, gAZ AT vl (Y, $ATCRRELZ i 2> iz Truntime.entersyscall, 1 CHREHT EIR Al f5 2>
W Hruntime.exitsyscall. ikcgofis T i E1E A — 4 pthread FHATHI, SR B BHAT 56 B 5 43R R 4 B Go I 1H .

PLRHEAL TR 1B DL RS fEcgoi FHAICR B, KL T CIMIHGo R B IH L, XN A B ARk 2 LA ST 2% . RUAIEIN 2 A Goig {7
WREER, BT LR 2R AT — CREER AL B, 1513 Gofygoroutine s I FTAH R Go sk AU S, 58 iz G 4k R ml BICH ST . F
EFRA R, (HicgoXf TAECH I T Gord Bt 2 ST .

MEM ERFcgo) SRR AN RIX L, Hicgod &4 i — ek Ui, 5t CHA RGO L (MR HEAk, i 44 2 (R AL B L KRB

FR 7 AR IS AT I PR 300 U 6 ST b BEAF CRRIAT AR, AU T4 AR — AR B 2 ) IRk e B o 5 T R S 52
He
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GoififHC

9.3 GoiiHC

MIZHIFIE, AFRNTEYEOC T8 A7 B2 70 T QoI 3. B il il Mtest.gomty 7 ix HUKREAkEE LLe 5147 70 #r

MGor i FHCIT i $itest, cgod: A% H Zruntime.cgocall(cgoCfunc_test, frame):

void
» Cfunc test(struct{uint8 x[8];}p)
{
runtime * cgocall (_cgo 1b9ecf7f7656 Cfunc test, &p);
}

HhcgocallfizE— 13 HcgoCfunc_testit—/NHcgod: 3t HHgec i e 41 -

void
_cgo 1b9ecf7f7656 Cfunc test (void *v)
{
struct {
int pO0;
char pad4[4];
}attribute  ((_ packed )) *a = v;
test (a—>p0) ;

runtime.cgocall¥g#iE£im, Hentersyscall, XFEALBAZEI B goroutines g ik [k, SR)5 1 H
runtime.asmcgocall(cgoCfunc_test, frame).

void
runtime ¢ cgocall (void (¢fn) (void*), void *arg)
{

runtime * lockOSThread() ;

runtime * entersyscall () ;

runtime * asmcgocall (fn, arg);

runtime * exitsyscall () ;

endcgo () ;

o B FIm R MRIE L R FEcgo M SR T GofRAid, Ykl if 2R [ — Mk . T CIMGo, AREITF 3 H 0.
runtime.entersyscall & Ai{CHHEN 7RGV, XS ANEERA ST /MRS, T n DLelg— MEMkiasr
goroutine. flasmcgocall2 AL 2RI HA S NAER, BT Lz e " syscall call”mH#H, AH%E
GOMAXPROCS 1%

runtime.asmcgocall/@HiC 4w s, Eatl#iImiigotk, AJ5iHMAcgoCfunc_testifi%i. BT mifgOtkA 27 Bitk,
MBI EIM->gOR: OX MR R ERAE RGP BEIRR) J5, T L2 A iz {7 gecdn B ARAD L& $hdTcgoCfunc_test(frame) ik,

cgoCfunc_test{# i \frameZ kgt vh B A3 (K S 500 F S br i Cef itest, #45 Rid sk rEframerh, SR 1] 3]
runtime.asmcgocall.

HIRIEHIRZ f5, runtime.asmcgocallVl[El 2 §i#g(m->curg) ik, Jf Hik[E#runtime.cgocall.
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Yruntime.cgocal |l E kR 2 5, ©ifiHexitsyscall, #REHgMmafEdi. exitsyscallfam<:[H2E E 3 &7 LLE1TGoft
i i A3k ) $§GOMAXPROCS R il o

Lt Gol I CIN, 32 ATIN 7 T TS A s A RARFT IR ? Oy B Skt 5, 35— sijgruntime.entersyscall,
ikcgo/™ A MBI i B goroutine L A 4. 5 — sl VI IIgORR, SRR AN AR DL 23 B 7 TH )

RIETFEIM ORI, 88 T ABER . T MR Hnewm REmgO AL 7 8K AE, IFHEFEA L —A"T55 "Ik,
Eablmg? X B P RA L A B S EFAME P ASHT R, A B R U (A, ) o

HEmEgORR IR/ HEATEH Finewmi 73 i iI8K.  ZEnewm ek #1555 — 5 2 Fruntime-newosproc, XA~ %21 A
FERGIN ARG, AT —FKRGLRE. JFHM T — AR e g O FRE S 7 1 mItigORk s S STk
BEONRTRMER, FrUART T VM gORR L — AN o 75 " AR AL IEHI AT, FSA 4 T 8K P A7 ¥t 5 & — N 35 ik = A 11
LR, P ANBE ] 25 TROX — T P 2

1. miJQORX THAmEH — A, cgol SR BIX MR #EAT . A, WA Z RegoWH RN K&, FEHFE—Ami

HEANRPR? BARRH?
2. XA NS T GolHC, HA W RGol HCHAREH, S Ial 7 GosRis, X RGuE il kb3 ) 2
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9.4 CiiHGo
CQORMUAN L FEMGoTIC, BB R R MCH TGO BR%, BRI A LA X AT & Bl

//export GoF
func GoF(argl, arg2 int, arg3 string) int64 {
}

i FHexporthrit iT LK Go sk 3 5 H $2 k4 CIR A -
extern int64 GoF(int argl, int arg2, GoString arg3);

FHAERATE B E R UT LI . BE L1 1 8 5 GoF & EGoiE & i MUp A, A T BEisikgecs i MC/URS i Fl Go it i %
p.GoF, cgo:pl Fiff—4N k%L

GoInt64 GoF (Golnt p0, Golnt pl, GoString p2)
{

struct {
Golnt p0;
Golnt pl;
GoString p2;
GoInt64 r0;
} __attribute__((packed)) a;
a.p0 = p0;
a.pl = pl;
a.p2 = p2;

crosscall2( cgoexp 95935062f5b1 GoF, &a, 40);
return a. r0;

XA EH I cgodp, RMtAgecmiF. ML AR Ep.GoF, R vgcc A Wis. moccdmFrICE %] LUk X GoF

GoFifificrosscall2(cgoexpGoF, frame, framesize). crosscall2 &SI, & — NS HIENL s, 1L
MgccR A6 £ (6cigecfd FHRIRHTMSUL 2 A X HI) - crosscall2s2H T M—ANABIIgcc s ER A, FI6C ik
B HABL. LA LR Fr szbr B 24 T cgoexpGoF (frame, framesize) . & ML 2 1RI2 T fE Mg I g0k If H A
GOMAXPROCSRHlfF]. PRIk, X AMREDASGE B4 AT & 1 GofCi% I FLANRE AL P 77 5l & F R m->g O ¥tk

cgoexpGoFifi firuntime.cgocallback(p.GoF, frame, framesize):

#ipragma textflag 7
void
cgoexp 95935062f5b1 GoF (void *a, int32 n)
{
runtime * cgocallback( * GoF, a, n);

}

XA REE 6 R, MiASEgee, [RknT L5 #E Wiruntime.cgocallback filp.GoFiX fiii 44+ .
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runtime-cgocallback & —/ FHIE g SE I B . & Am->gO IR al 5k () goroutine k%,  JEAEIXAME: i
runtime.cgocallbackg(p.GoF, frame, framesize).

KR 2 B B e RAT R A A7 28 L R IATT BR R U S A . BRI FE AR S T BATHEE T m->curgiidiuar, (H2HHEE
SEAMKE B Z WS ATHEE (L2 fFm->curgix/~goroutineiz T GofUiY) , AT LAFRAT 75 ZE LR A7 4 i B 5T 21 LU 2 5 B A
Fm->g0#k.

7T, runtime.cgocallbackgiE 22T — L Mgoroutinetkh (AZm->g0kk) « AEIERMTA 2 YIS T
goroutinet, WLZIE A T-syscallIRZS . HIIXAS s 2s Je i fruntime.exitsyscall, 54 2Z2#ITGoig. 24& 1
runtime.exitsyscall, iX£:F[1 %X scgoroutine EL £ i $GOMAXPROCS R il 4. — B Mexitsyscalliz[al, Jay bL2e 4
PATAR U FH A7 2 B s 2 1 Go ) [31 1 87 % p . GoF

void
runtime * cgocallbackg (FuncVal *fn, void *arg, uintptr argsize)
{
runtime * exitsyscall(); // coming out of cgo call
/" Invoke callback.
reflect * call (fn, arg, argsize);
runtime * entersyscall () ; // going back to cgo call
}

JE PR 0T T, BRATTH A R — AN IE P R it #2 . fEruntime.cgocallback w3k EEHI 2 f5, Ev#k[EIm->g0
e, MARHKE 2 A ffim->g0.sched.spfli, #JmikHF|cgoexpGoF. cgoexpGoF rBlik[nlEcrosscall2, &4k wifH#
NQCCIRAF (2577 23 9FIR [0 BIGOF, it Jm iR [ 2 CIrI i FH 8 K o

INGE

TGO HC, ZECHAGOo, HHEMPIIAZ O ) ISR R A — AN C/Go Mg AT B RSATH M 1945 . Gorf AR A,
TR L2 goroutine L & Goffiruntime, M CHIRTIR B FE B — SR 40 BEROE:, I AT CRAS M goroutine 7 T4 1 b
TS TR RS A . BUABIX LR, AT AL SO DIk, DL runtime.entersyscall.

EGo i FICE %, runtime.cgocalliffflentersyscallfii 2 % 225 # . runtime.asmcgocallj#:#migotk, T2
BRICHIIZITH B .

ECH A FHGor U, crosscall2figgecd i3 B0t [ A Hr X i@ . cgocallback)it Hlgoroutinetk.
runtime.cgocallbackg il fexitsyscall?k 2 Go )iz 7 755
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N A7

10.1 AR

WAFBIA R s B2, BARGOM AR S it n] LA IR 2 77 R 138 A8 461l #, "The Go Memory Model” [#) 5 SCTE 1%
B, AU HIEE AR L

RHIFAE ER IR R, FOESORERIN, (HEERARME, Jtiithappens-before &7 o sl i AP BRI, 1R
?@%EEETFE%EM% RZ BT GO A AN A BB AN SR A T DAIREMA S A B RS A X
BRI 5 MR —

Jo Pl —F) TS, GOl AR AL IR (11 " 7E — g routine Hhont A8 & HEAT B A e S T 27 oA goroutine HhRHZ AL & 145 #
TR 21

WAL bug—Hl
BT BT, S AT, TN,

package main

import (
o »
sync
“time”

)

func main() {
var wg sync. WaitGroup
var count int
var ch = make(chan bool, 1)
for i :=0; i < 10; i++ {
wg. Add (1)
go func() {
ch <= true
count++
time. Sleep (time. Millisecond)
count——
<{-ch
wg. Done ()
1O
}
wg. Wait ()
}

PLERESE B4 E? X Bitbuffered channelf hsemaphoreskfi /], Fii EF& % foiF—4goroutinexfcounti#{T
++H1-, AHSGXEREEbugl. RIEGOIE S HINAERAL, XtcountZs & 1 [ - BEH TR FEIX o g PR T IS 38 ARl T A
A FX B A i) L

go run -race test. go

»;'—v

1 T AR N B L6 AN L8AT R AFAE TEA AT, A2 countOF B BATAR LA REAE I P X PAT . BT TR, gl —
T, B RE T B v A X A bug T .

happens-before
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PR

happens-beforest—AARiE, FHAMNILEGOWE S A M. ML, W K5E ST

BRARIBFRR—Z LM T PAT I A H4E . WA happens-before B, F84AE:AEXS AR 20 45 AT BIZRE (H
PATBZ A ) A W

TR RIZIE S, A — S FE R GREEARBEM FIMAREF AT, JEHARIERM S HEBZ AT, BAA happens-
before B.

int A, B;
void foo ()
{

// This store to A ...
A=5;

) . effectively becomes visible before the following loads. Duh!
B =A% A;
1

WA, ERTHEST, TR AR 7 X3k, happens-beforesc £HE L% WA happens-before B, [d]
B happens-before C, 4A happens-before C. 4iXLeX R AN FMLEFEF, (Lt BREw A .

MR fid i N ARAE AR SRR, X B FEERE, happens-beforedf A5 F KR, FHAZULA happens-before B
AR EATERAEBZ BT R AL B — AR, BUGOGEA I [ A —FE . Bk

1. A happens-before BH AR EATEB LRI K/ L.
2. ATEBZ T RAFH R EEEA happens-before B.

KRB PG, HITEAR. MRREAHREINE, L EIURERE L. JamR iR E#RiX . ik, happens-
before 3&— R FIiF & ML g HBATERIISE 2R o S AN R) ARABE A Sy o SN TRAT T 3 " AR B2 BT A 2R Iy ek I LSt it e
SRR I 5T A 7] o

A happens-before BHAREIKEALEBZRI KA

RREAMT, A REIERAhappens-beforek &, (HZSLPR EIFA g F MOIBMFF A LR I AARESHAT T (1)%A
R, A (2) X B -

int A = 0;

int B = 0;

void main()

{
A=B+1; // (1)
B=1; // (2

}

RYERTE WAL, (1) happens-before (2). {H&, WREAVEHgee -024% T XA, Jwi sk rsd— i & EHE
Ko A ] BEPAT I AL XA T

KB B R A7 A7 4%
KB E 1
T A AR EE N 15 E 25 A

HO AR B HT AR HLAR R 2 O BROIAE) SE BN, XTARIIRMELIE B A SE e HAiit, (1) IFRA TE(2) 2 fi Az !

Mo, EHiER T happens-beforest 2 75 ? tERADKHTT, MHEE L, #8AF (L)X N AE IR AUEIRAE (2) AT 10T 3
AL HAITEE, XA 20 HL 2 BRI BB A 52 .
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(LX) F R, e AR LS+ BT e BRORE A7 50 BIVE (L) (B2 LT 0L, () MAT hIE e —FE. Fibh, XIFAHE
HE T happens-before#i .

ATEBZ BT RAEHAEBKEA happens-before B

N, BT R R e e 5T &, (B2 FFBEA M shappens-before 5 & . B — AN LF2 R A
pulishMessage, [, %—A 2 consumeMessage. M TIRAIIHATIOERMESLRAR R, TS, RATREITA A int
IR B AR ST 1

int isReady = 0;
int answer = 0;
void publishMessage ()

{
answer = 42; // (1)
isReady = 1; // (2)
}
void consumeMessage ()
{
if (isReady) // (3) <— Let’s suppose this line reads 1
printf ("%d\n”, answer); // (4)
}

WAL F R, E(L) () lafE/Ehappens-before X £, [FIN7E(3)FI(4) 2 ] i 4£/Ehappens-before X £ .

Britz Ak, AR AEIZITH, isReady B 1(GEH B —AMEBEEQ)FIRAMHE) . EXFHET, ROTTMQR)—EHEB) 2Tk
Ao HEIXIF ARG TE(2) FI(3) 2 [1 /£ 7Ehappens-before ¢ & !

happens-before ¢ & R AETE 5 briE 2 U7 AA7E, 1% B ARG RN U6 ] (2) 1 (3) Z il f£/Ehappens-before X &,
B (3) B3 T ()W HI1E .

TF, BFQ)M(3)ZIE, (1)FI(4)ZmEAfEhappens-before X 5, M4 (1)RI(4) N AEAE HAL T REd: AT (ALK
H AR B, EAMRK A AL B S N HET) . SRR, RIE(3)ELEIL, (4)thafTEIH 0",

GoXT R KN

BAEE ok A E "The Go Memory Model” 156 F-happens-before /3
U SR R AR, XA BV A B AR ra] UGN B0 A8 v 5 B we

1. r does not happen before w.
2. There is no other write w to v that happens after w but before r.

9T ARTEXR AR v R4 o] AT B3 v R S w250 PRw o ril RLASTIN 1 (R — (R S e o 8 0 2 2 R i 2%
AFIR AT PLRIE SR rRe Ol 2 S 3w

1. w happens-before r.
2. Any other write to the shared variable v either happens-before w or afterr.

%T-channelffthappens-beforefEGo ) A AE AL Hh g 21 T =Fhi it -
1. %f—/channelf)ki%#1E happens-before i channelffZIRAE 52k,
2. *M—/~channel happens-before Mi%ZChannelf i 3| & 193 [F {50
3. Riggrifichannel (42 1d#4E happens-before #iMchannelft) &% 4E 58 1k

Jel — AT K 7
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var ¢ = make (chan int, 10)
var a string
func £() {
a = "hello, world” // (1)
c<=0 /@
}
func main() {
go 0
&= // (3)
print(a) // (4)

EIRACHY R AR {4 H " hello, world”, [A24(1) happens-before (2), (4) happens-after (3), - #E 1 A% — 2500
(2)7/2 happens-before (3)if, H/Jhtk#fthappens-beforeffin/ftiEt:, T/2ZH (1) happens-before (4), thgiiZa = “hello,
world” happens-before print(a).

HES T

var ¢ = make (chan int)
var a string
func £O {
a = “hello, world” // (1)
<~ // @)
}
func main() {
go f()
c<=0 /(3
print(a) // 4)

AR LR EE =400(2) happens-before (3), % LI{#E(1) happens-before (4).

DR AT BT AR R AL KAV g AE fichannel, Wiprint(a) T BV A A BE S fRUE2 " hello world”.

var ¢ = make(chan int, 1)
var a string

func £ {
a = “hello, world” // (1)
<~ Q)
1
func main() {
go £
c<=0 /(3
print(a) // (4)
}

KA X AN FEA AR A5 (E,  f875(2) happens-before (3). Al A Sk — R AT S i 1 10 7, 2 A 4L
happens-beforez: 1.
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