H =

4
channel
M—KHH channel 758X A8 H $E
channel A HFLL ) H
WA HEH 5G] channel
channel EA & 1EHL T 225 B
ft4 & CSP
channel J&Z #4514 2 4
channel AKX ER KA 2 A4
%F channel [¥] happened-before 75 1ft
1] channel & IAHE ) F 2 B RE )
M channel B8R 12 & BRI
BAE channel 11750 5 45
FH—A channel iR 2 ERE
map
map MK E SEHURE B AT A
CINYSublripubi| F3
map R I R 2 B
AT LA map 170 2 Bt bk i
WA LB AN map A%
WA S A get #RAE
map &2 2 41
map i Hid R 2 A
map 1 key N4 2T T
float XA A] LIMEY map 1) key 15
map MIRAE IS 72 2 ERE Y
map M3 &2 BT
interface
iface 1 eface (1 X 52 H 4
Go #1105 C++ #OH M 7[H
F2 TV 480 1Y) Ji B
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e ] interface LIl £ &
Go ifi 5 57 RAUM KX R
BB A TR B B 1 X
B kG s R BRI
I V2R E Sh Al S Y o 1 SR IR 1
TR e 40 T T 5 ) X 31
BRI M) SE
FrifE 7
context
context G 4 B
context &4
context A4+4EH
context.Value &I 2 EFEM
unsafe
Goig4t flunsafe.Pointerfs {4 X 5l
WA FHunsafe & MR A & 7
wifal K FHunsafesk Bt slice&manp i) &
AN SEI A A byte VT () 48 DU 4
goroutine i 2%
g0 F AT FH 7 A an ey 1) 46
goroutine WI{iiE H
goroutine i EE i LA WL
goroutine 2 (1) [X 5
GPM 244
M anfa 4k TAE
mian gorutine {61 &
schedule & wifd 5 2
schedule ¥ Wifiiz %
sysmon J& & WL 74
— N BEAH G B B
442 go shceduler
4 5 M NAR TR
f+4 Zworkstealing

A RSO (www.topgoer.cn) # - 2 -



fiid scheduler K#IiELE 2
G 1R RN 12
Go &7 Ja Bt F2 2 BRI
Go i PEAH K K fir & Vi
Go g P FEH I FE MR
GoRoot 1 GoPath 14 H
W IR 5> BT R B A AT Y
S
Go 1 & S A WL 5
Go 1 & U] SEHL R 4
LGN 7 EAE R
402
Y] LA P AN 0o 52 52 4 4 )
HAHEY) F
VLIRS e 2
Pl s s B KW
HAHNY A4 5
GC 1A iH
ft45& GC, HA4/ER?
R R B AT 42
HILE) GC P T NAE ML ? Go EF M GC AT A2
=Epridik Rt A ?
STW 242
WAL %% Go GC?
H7T GC, Aftadke AN MEE?
FHERARICTE BRIE I HE s A 42
ftaRB btk RESHEEE, Wsei?
Go i EH GC M4 ?
fih k. GC HIRF ML 4 2
WER N A7 oy LT BRI T AR 1T R R R R A 2
GC KyEMFBIR A WrLL 2
Go 1) GC anfaf i ?
Go MBI B2 IREEAH I API? HAEH 730l 2 A4 2

A RSO (www.topgoer.cn) #jE- 3 -



Go Ji 2 EAKATE GC 7 TH 1 ik 2

Go GC TEJ# b I 2 IR AFAE MRS oA B 1?2 A A BB #R A 2
HaT#E Mt GC il LA AR GC B S AW ? GC il No GC & H
AL SR SR AT A2

Go xftt Java. V8 1 JavaScript [#] GC 4 fg fn 2

H AT Go 155 1) GC & A7 175 MR i) 85 2

M gk

o Eh

A RSO (www.topgoer.cn) # - 4 -



I

W E A

o ZIFHMbE: https://github.com/qcrao/Go-Questions

Go 1HF AN FIR. BL Go iE  NREBH, MFEEVIN, %48 Go iEE . FmMRr &Mz il
PRI H REEIAR I, WTH Ll BB iR —E 2 7!

FIXR

ARAr U S — #2438 ii: raoquanchengl991.

WATLSRIE AT, FEZ N

H B (www.topgoer.cn)


https://github.com/qcrao/Go-Questions

channel

channel

M—ANKHH channel 7538 R8I H HE G
channel HEBLLR

mARHEHR A channel

channel ZEH4 BT &5 &R FHR
4R CSP

channel EERERELE MR 4
channel REMBKTTR AR L4
%7 channel | happened-before A
M channel RiZ¥E KT BER B

M channel BEEE SRR ERFEK
#4E channel K1ERES

XKH—4 channel K3 EREK

ARSCRS S H RSO (www.topgoer.cn) i - 6 -


file:///docs/goquestions/goquestions-1cjh2inun452c
file:///docs/goquestions/goquestions-1cjh2jsk14499
file:///docs/goquestions/goquestions-1cjh2kaadmars
file:///docs/goquestions/goquestions-1cjh2knlspa84
file:///docs/goquestions/goquestions-1cjh2l30hgt1k
file:///docs/goquestions/goquestions-1cjh2lur9r16q
file:///docs/goquestions/goquestions-1cjh2maqlhupo
file:///docs/goquestions/goquestions-1cjh2mnilbac8
file:///docs/goquestions/goquestions-1cjh2nrn6qdem
file:///docs/goquestions/goquestions-1cjh2ok9b2vn1
file:///docs/goquestions/goquestions-1cjh2oue8pen0
file:///docs/goquestions/goquestions-1cjh2pbbs889b

M=K channel 7594 Rz & 1

M=K channel 528 55z th 2k

M= channel B4R, 24 channel #2001, RIRGEIL A BUE . HA MR ok y false i, B2 MEHE 4
RTRIN

func main() {
ch := make(chan int, 5)

ch <~ 18
close (ch)
X, ok := <-ch
if ok {
fmt. Println(“received: 7, x)
}
X, ok = <-ch
if lok {
fmt. Println(“channel closed, data invalid.”)
}
}
BATE R

received: 18
channel closed, data invalid.

JeBlE T —ANMALEMT channel, [AIHRE N0, ARG XKHE channel. ZJaWxZRM channel Hi g, 55—k
R EEIE R B . 55 VORI ok A false, ¥ channel CL55H, LB H3H Bl .

B 2T Bl I\ channel #0800 i R e B AR — 715

A SCRE 3 R RS (www. topgoer.cn) ) - 7 -



channel F WFLL N F

channel A WL » H

Channel 1 goroutine 1454 & Go I AT KA S . 1l Channel [sZham s ik NIRRT —52, @i 5 select,
cancel, timer %644, CRELIEMEFEM IR, 2Tk, RATHESRI—T channel N,

EiLfES

“WT AR A SC ] channel” I8— T C &R Z T, Xdungd 1.

channel i FEIEE SRz SHERIEZ R, LFEXMIEAD channel 5# H channel k& — 7ok, #1381 channel 1)
T IRAIE S B, SR L A R

% e it

5 timer 454, —MCEWFBOE: SCHUE RS, S AT AT % .

AR, AT IR, ESOMEEFERORKM ], b ST B

select {
case <-time.After (100 * time.Millisecond) :
case <-s.stopc:
return false

S5£% 100 ms J&, W s.stopc AT SR BGE DS, BLEEATR. XKk E eted AL — M T, IXFEIEVARE
AbwT I

TEMPATHEAMESS St LA TR .

func worker() {
ticker := time.Tick(l * time.Second)
for {
select {
case <- ticker:
/] PATERAES
fmt. Println ("$047 1s EHAES")

B 1R, PUT - IRERES

2 ey RN

R4 a2, a8l n A worker, BN TAEWARIL, XEWHET/ELE D for TRIEHE, WA channel %% T
FEARS5 3T

func main() {
taskCh := make (chan int, 100)
go worker (taskCh)

ASCRS £ s RSO (www. topgoer.cn) F - 8 -



channel F WFLL N

A
for i :=0; i < 10; i++ {
taskCh <= i

/) ERE 1 DR
select {
case <-time.After (time. Hour) :

}

func worker (taskCh <-chan int) {

const N = 5

/) Iasl & NILIEE

for i :=0; i <N; i++ {

go func(id int) {
for {

task := <- taskCh
fmt. Printf ("finish task: %d by worker %d\n”, task, id)
time. Sleep (time. Second)

} ()

5 A TAEBRRAE AW AR IUE S5, 57775 REAE channel JOxAE55 AW, MRS AE ™ T M 2807 -

TR -
finish task: 1 by worker 4
finish task: 2 by worker 2
finish task: 4 by worker 3
finish task: 3 by worker 1
finish task: 0 by worker 0
finish task: 6 by worker 0
finish task: 8 by worker 3
finish task: 9 by worker 1
finish task: 7 by worker 4
finish task: 5 by worker 2

BRI RH

A EOE NPT IUEMESS, BIANEE R E R TR AT — L B et S IRAESS . (HRIFRECUARERR, BOMESS $UTILRE
WA =7 I — e B, ORISR AT PR . I AT LUOsESE channel SRz &%

THIEITRE (Go 1B E ML) -

var limit = make(chan int, 3)

func main() {
for , w := range work {
go func() {
limit <=1
w()
<-limit

10)

A SRS 3 R RS (www. topgoer.cn) #)%- O -



channel F WFLL N

Mg— A channel, RER8 3. HERPITESSIE, GAME%)G8h—A goroutine 5. HIEHATIES, VilE =
FHIBIESE w() F5E, ERAT w() Z 01, B limit pE YFafiE”, SRR G, AT w(), FHHEEIT T
%, BUGVFRTIE" AR . XA LAE I FIR IS 4T goroutine .

xH, limit <~ 1  J&fE func WERTIAZAME, JER 2
WERIESNER, W24 R4t goroutine (%R, FIRELMHLIE for 1634, ML HH .

limit JLSAnig e se, JURTEREMIL, TRAE N ZRMANRIITE A K —FE.

A — SRR, W w() KA panic, JB“VFRHE" AT RERLIE AN I L T, BRI LA defer SREORIE.

ZERR

[channel ] https://www.sOnnet.com/archives/go-channels-practice
[ R %4451 https://zhuyasen.com/post/go_queue.html
[ ] https://tonybai.com/2014/09/29/a-channel-compendium-for-golang/

[Go EEEHIH RGFE] https://chai2010.cn/advanced-go-programming-book/

AR F s BRSO (www. topgoer.cn) F £- 10 -
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LRSS ] channel

AR AR OS] channel

T channel K1, AJLRATTERITT

1. fEAKA channel HERAEMEN T, JTF3kE— channel &% 5 H].

2. XH—/ closed channel 2x'3:#( panic. FTLL, Wik channel 1)— i fEARKITE channel /&7 4TI AR ZS I At 2%
SR channel J&1R &R 1 .

3. [i—/ closed channel &i#¥dE2: S5 panic. L, %A channel KIEFGEK— 5 A%iE channel /&5 4L T3¢
IRASIF k2 519817 channel K% R R fE R i F15 .

—N B RE R A channel & 75 5k P Y R 2L

func IsClosed(ch <-chan T) bool {
select {
case <{-ch:
return true
default:
t

return false

}

func main() {

¢ := make(chan T)

fmt. Println(IsClosed(c)) // false
close (c)

fmt. Println(IsClosed(c)) // true

H MY, HSFEMRLZHE. B, IsClosed 32— MNERIER I ME. FFIHH K, #4il channel Bi—/4oc
#, W7 channel FPRES. XA MEMEEL Tl T, EIFEE!

H WK, 1sClosed pfHUR [l 1285 FALARK I A BR8], JEASBEARIIE T 2 8 A 247 HAth goroutine X eridhiT 7 — S84 4E, &
AT ERIXFRES . #ln, IsClosed %z [Al true, {HIXEFAT 75—~ goroutine XM T channel, MifRiE&EH XA EH
“channel REH"MER, MHEEXEEYE, #4558 panic kL. 2R, — channel REWEE MR, Wik
IsClosed %3k [0l 45 5L & true, W] channel fERLCH] T .

A2 2 AL KK channel By :

don’t close a channel from the receiver side and don’t close a channel if the channel has multiple
concurrent senders.

ANEN—A receiver M| channel, WAZELES ZA4 sender I, %14 channel.

FLEHfR, 7] channel &RiEJCEMMZ sender, Kt sender B L@ R & %EHYE, I HEH channel. (HR2IRA4
%A~ sender, ¥4 sender [FFEEIZEHE AL sender [UENL, XEHEAREH RIS channel.

{H2 FRFT UL AR AR T, e Ao ) S gl R AT — %%
don’t close (or send values to) closed channels.
BN 2R channel [#771%:

1. f#iH] defer-recover L, L RAHHIEH channel 33 [ channel &i%¥dE. W kLT panic, A defer-recover
TEYLIR -

ARSI HB R SCRS (www. topgoer.cn) - 11 -



LRSS ] channel

2. {fif] sync.Once SRARIE R e —K.
HRBERLZ WP HERL SC P channel ?
T4 sender Fl receiver AN, 4 R LAlHE b
1. —/ sender, —4* receiver
2. —/>sender, M /> receiver

3. N /> sender, —" reciver
4, N /> sender, M 4> receiver

XF 1, 2, RA5—A sender [MEWAM BT, B sender Wi CHIgher 7, A M. EAIGESE 3, 4 BN,

% 3 BT, U channel 15354  the only receiver says “please stop sending more” by closing an
additional signal channel.

RS Rl AR —AME IS IS 51 channel, receiver i@iid{5 5 channel FiAJCH%dE channel 54 . senders 1iWr
FISCHIE S G, IR AT,

func main() {
rand. Seed (time. Now (). UnixNano () )

const Max = 100000
const NumSenders = 1000

dataCh := make(chan int, 100)
stopCh := make (chan struct{})

// senders
for i := 0; i < NumSenders; it++ {
go func() {
for {
select {
case <- stopCh:
return
case dataCh <- rand. Intn(Max) :
}
}
10
}
// the receiver
go func() {
for value := range dataCh {
if value == Max-1 {
fmt. Println(“send stop signal to senders.”)
close (stopCh)
return
}
fmt. Print1n(value)
}
1X0)
select {

case <~ time.After (time. Hour) :

}

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



LRSS ] channel

X Hf) stopCh #i/2f5 5 channel, ‘EA G54 sender, KAl IEELM'E. senders 18] T kM55SR, select 4>
X “case <- stopCh” gk, BH R, A RIEEIE.

TEYIARE, BRI ¢ dataCh. 78 Go B85, XF—/> channel, W HE4&EAT (T goroutine 5| H
‘B, AN channel G&AAHCH, RAMSH ge B, ALl EXMER T, FrEfRmEhocH channel S
channel, ik gc U9,

Ba—RiEsL, RHESSH channel [5#5%: any one of them says “let’s end the game” by notifying a moderator
to close an additional signal channel.

S 3 FEBLAE, XEA M A receiver, IR EHGEZRIGE 3 Mgk %, H receiver H#KH stopCh [#i&, mhex
FEH MW —A channel, S5 panic. FILTERIM—ANFEIA, M 4 receiver #iae &% dataCh [“i=R”, FlEA
RN —AMERSE, HiE% FiEXKH dataCh 454 Gl 4] stopCh, IXEF#iANE kAR B R SCHIEFN, KN stopCh

[f %07 RAFRERA—A) o« Wb, XEK N A sender AT LLH fri] A k%51 dataCh [1i% K.

func main() {
rand. Seed (time. Now (). UnixNano () )

const Max = 100000
const NumReceivers = 10
const NumSenders = 1000

dataCh := make(chan int, 100)
stopCh := make (chan struct{})

// It must be a buffered channel.

toStop := make (chan string, 1)
var stoppedBy string

// moderator

go func() {
stoppedBy = <-toStop
close (stopCh)
JX0)
// senders
for i := 0; i < NumSenders; i++ {
go func(id string) {
for {
value := rand. Intn (Max)
if value == 0 {
select {
case toStop <~ ”“sender#” + id:
default:
}
return
}
select {
case <- stopCh:
return
case dataCh <- value:
}
}
} (strconv. Itoa(i))
}
'/ receivers
for i := 0; i < NumReceivers; i++ {

go func(id string) {

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



LRSS ] channel

for {
select {
case <- stopCh:
return
case value := <-dataCh:
if value == Max-1 {
select {
case toStop <~ “receiver#” + id:
default:
}

return

fmt. Println(value)
}
}
} (strconv. Ttoa(i))

select {
case <- time.After (time. Hour) :

}

A5 H toStop w2 AR, #HEkE senders F receivers Ki%id K554 dataCh iR,

X B toStop AR T — 2L channel. % toStop AWM — M EZ MK channel, A% —/NRIEMIEH]
dataCh iRl g0, BIALL R sender it/ receiver #j2ifiid select AR R &R, 05 a) \JrfE
goroutine #AHE&LF, T select AN &k, HiE default &I, AWM. XFE, H—45¢H dataCh [1iER
maEk.

Wi, RAHE toStop AR AWK Num(senders) + Num(receivers), %1% dataCh iR (#3554 7T DA sk faf ik 11 7
W

toStop := make (chan string, NumReceivers + NumSenders)
value := rand. Intn (Max)
if value == 0 {

toStop <~ ”“sender#” + id
return

if value == Max-1 {
toStop <- “receiver#” + id
return

B toStop KikigR, Fy toStop A& EW AR, FrAAHIHCHZE, HRWHAH select EAJFINI—A4> default case
Ok 3k 4 PEL 22 .

WLVER], XEFMERARIEXE dataCh, JRFEFZE 3 FiliEi.

PLE, R SRR —Le i, (B CRER 8 LTI M 00 S AR e e

don’t close a channel from the receiver side and don’t close a channel if the channel has multiple
concurrent senders.

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



W AR RS ] channel

LUK SR () S 0

don’t close (or send values to) closed channels.

ZERR

https://go101.org/article/channel-closing.html

AR s BRSO (www. topgoer.cn) F - 15 -
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channel fEAFAME LT 2 51 S

channel fEAA 15O T 2 5| 7R R
Channel 1§75 & goroutine L.

HHwIFER R 2 goroutine #:4F channel J&, AT &kIZSFELHZERA, 1 channel &FEEIPRES, —HAARNE. [
B, S [ B AN 2 SO SRR, kT S 30 gouroutine & —EH A TAAF S, RILKH.

A, RFiEfriEEd, T4 channel, W3 EAEM goroutine 51 T, gc St HBEATRIIRIE, AL 5] N TR

2% SR s RSO (www. topgoer.cn) % - 16 -



4 7& CSP

42 CSP

Do not communicate by sharing memory; instead, share memory by communicating.
AN T A AR RIAR S AR R S N AP L
X Go MR, e CSP AL, 5T channel 523K,
CSP & # N 2 Go I R4wFE LRI CBE % . CSP 4 Fk/& “Communicating Sequential Processes”, iX1ih/2
Tony Hoare 7f 1978 4R #{E ACM H—R 8L WX BRI —REE S MZEM input 1 output FIEE, LHZEIFR

PSRN

FEIRIR SR RAR RN, ANATIEFERT SO g IE R 8 A, 22 goto B AIFE I BRI SUE . T, T ) REm AR
AR, LA A NSO IR AL -

TECFEH, CSP 2 —THE XMMIES, FEHe L TimNfHiER, HT processes [H[{iE{5 (communicatiton) .
processes U NE THEMAIES, IFH- A, ftHAb processes W, processes W LLEHERE, iR, HERMNY
Heo MiNdr A2 1, JHSKIA processes TGN fitiE: ?, KM processes i, X SCE I channel ERAMELTIX
—%it.

Hoare 42 7—A -> 4, WR -> AdiEaRE false, EABMEAFHASHAT.

IR e N H a4, Hoare IEW] T iR — | 14a FEiE = it processes [AINEEEES —SEE, AR GFEN [ B 2
AP B

Go 2N CSP [Mix L EA5IN, JEHRPIEKINES . AENAFRLE VIS (E 302 memory access
synchronization) fERLHENL T A AL, Go BABAAHRI sync f3CHE, (HREIXERNTIFL PR 5 k.

Go — It CSP Iy BARBE A SIS 1R 0 B, BT BIF AR Go I — MIRFIO RS, i FLARES 5y B

KEZHHIRIZE S P RRIEALE B TR AR N AR Ur 3%, Go W R4mAZMIEEELNI A goroutine fil channel k&
1. Goroutine FZFEIML, channel Al mutex (BT P AE 55 a1 4% 1) 2840

Goroutine A TR A, ALFRATE ARG5S 22 B4 1. WA 5 8 S PG LRAR I . LRFETFAY . 2R I 3 A A e i )
JEZ M, goroutine KAEEARMRT T .

Channel R4 w0 LAIILAE channel 416 . FATn AEIRAE SRl T R 445 1) channel i A#|[E—4> channel.
Channel i 1] LA select, cancel, timeout Z5&#25K. 1l mutex BiikA X6,

Go IR FENAER TS, Hirgiefin: REMH channel; i goroutine H{E 42w, BEMEM .

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



channel &2 F1%dE 4524

channel J&ZEE 24

BARLEH

JRE )2 B 45K 7 SR RS, AN go 1.9.2:

type hchan struct {

// chan B EHE

gcount  uint

// chan J&/ZMEHFHRIKE

dataqsiz uint

/7 16 SRR R Y # £
/) REFXTEZZM ) channel
buf unsafe. Pointer

'/ chan HJ0 2 A /D
elemsize uintl6

'/ chan 72 &R IAHIER &
closed uint32

// chan H1JC &7

elemtype * type // element type

/) BRIETFE NGB 9% T

sendx uint // send index

/) CEWIEF TG 1% 5]

recvx uint // receive index

// ERFRELH goroutine LAY

recvq waitq // list of recv waiters
) R RIEN goroutine BAF

sendq waitq // list of send waiters

// ARY hchan HHTHFE
lock mutex

RTFBNE XA EEERER T, FRE AU LA B
buf  IREEZ AL, A E %P channel 44 .
sendx recvx  HFEFRZIEIAEAL, FoR AT DURIEARI e R L B R GHE CEXT TR ESAD .

sendq recvg O HIFRHEBLZEN goroutine, XU goroutine T ZiRiEH channel B¢ H channel k%R
M P 2E .

waitq & sudog I —A X R, 1M sudog SEpr B EXT goroutine [y —A 3.

type waitq struct {
first *sudog
last *sudog

lock  HISREFIERE channel 585 channel fER/E#R R R T,

Biln, GIE—AEER 6 1, JLEA int ALY channel HHRAIT -

A SRS T b RS0 (www. topgoer.cn) i £ - 18 -



channel &2 15 4524

#5| 0 1 2 3 4 5

hchan 100 | 200 | 300 | 400

gcount (4)

datagsiz (6)

buf

elemsize (8)

closed (0)

* elemtype

recvx (0)

sendx (4)

recvq

=

sendq

|

sender0 sender1 sender2

lock

ol

PATHGE, EIEAATT I, AORFENC BE LA, FRATAT BLEE A Ak s S, (BRI 1 ok
Jrs BABMNE? —ANRBERIIEIE, BaBlld? R, — N REIEiE, i E S Ak He e ?

—MEE, A make  AUE—MEURAE L IOIHIE:

/) TR M

chl := make(chan int)

/) RN

ch2 := make(chan int, 10)

SIS Ar e, AT, RAAIE chan FIEBEUE makechan
func makechan (t *chantype, size int64) #*hchan

MR, BIEER) chan 2 —MREF. PTCLIRAREAE A LR A% 3% channel, 1AL channel #i#&EH

HAARE A

const hchanSize = unsafe. Sizeof (hchan{}) + uintptr (-int (unsafe. Sizeof (hchan{}))& (maxAlign-1))

func makechan(t *chantype, size int64) s*hchan {
elem := t.elem

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


https://mp.weixin.qq.com/s/obnnVkO2EiFnuXk_AIDHWw

channel J&)Z IEdE 45t 24

/) EWE k& channel size, align BIfCHS
W oo

var c hchan

/) WERTEFELIINEIRE B size KAy 0 CLZEMZEHLD

/) R — IR A7 5B

if elem. kind&kindNoPointers != 0 || size == 0 {
/) WIE hchan LA GRS, GC BEAEFT## chan HH)C 3
// RAH “hehan Z5HEK AN + TEEK P+ FIA 17

¢ = (*hchan) (mallocgc (hchanSize+uintptr (size)*elem. size, nil, true))

/) UIRABZZIE channel HIGEKXPTET 0 (KPEFETF OBLFELAE: struct {})

if size > 0 & elem. size != 0 {
c. buf = add(unsafe. Pointer(c), hchanSize)
} else {

// race detector uses this location for synchronization

/' Also prevents us from pointing beyond the allocation (see issue 9401).

/)L AEZEMNG, buf &M, EL#%8A] chan #E45Hh Ak 4

/2. GEPIE, BEHAFXIE, VT HETIEE HIuFRIR struct {}, HIEZ0
7 BUNH S EIBENR R E D br, DR EIEFEIRIZE] c. buf 4 (XA d chanfiA2)

c.buf = unsafe.Pointer (c)

}
} else {

/7 AT BRI A BEIRIE

¢ = new(hchan)

c. buf = newarray(elem, int(size))
}
c.elemsize = uintl6(elem. size)
c. elemtype = elem
/) IR KSE

c.dataqsiz = uint(size)

// & [A] hchan 75%1
return c

B chan 5, WAAAERE B, BRI

high addr

stack

T /ch

low addr

SERHR

AR S H RSO (www. topgoer.cn) i - 20 -



channel J&JZ IEHE 45 24

[KavyafiGopher Con 3¢+ channel 1J¥it, dE%47]
https://speakerd.s3.amazonaws.com/presentations/10acObld76a6463aa98ad6a9dec917a7/GopherCon_v10.0.
pdf

ARSCRS S H RSO (www. topgoer.cn) i - 21 -
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channel KZEMBROTRIAT 24

channel KZEMEITTR AT 2T 4

All transfer of value on the go channels happens with the copy of value.

A2 channel A AZIEREA R B “ERFE 017, it M sender goroutine ft%#] chan buf, &2 M chan
buf #| receiver goroutine, =# & H# M sender goroutine #| receiver goroutine.

B AT

type user struct {
name string
age int8

var u = user{name: “Ankur”, age: 25}
var g = &u

func modifyUser (pu *user) {
fmt. Println(“modifyUser Received Vaule”, pu)
pu. name = “Anand”

func printUser (u <-chan *user) {
time. Sleep (2 * time. Second)
fmt. Println (“printUser goRoutine called”, <-u)

func main() {
¢ := make (chan *user, 5)
e &= g
fmt. Println(g)
// modify g
g = &user {name: “Ankur Anand”, age: 100}
go printUser (c)
go modifyUser (g)
time. Sleep(5 * time.Second)
fmt. Println(g)

=

BTG R

& {Ankur 25}

modifyUser Received Vaule &{Ankur Anand 100}
printUser goRoutine called &{Ankur 25}

& {Anand 100}

X g — MR share memory by communicating I
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type user struct{ name: "Ankur”
name string age: 25
age intd
Ox566420 (&u)
var u= user{name:"Ankur”, age:25}
0x565bb0 var g=&u I

a c:=make{chan*user,5)
ceg

|memmuue0 is used to copy a block of memory from a location to another.

C<-g
0x565bb0 0x566420 (&u) Oxc00007 4150
*(*main.user){0x5664.20) nil | *nil | *nil | *nil
From Copy Block Destination
After Chan Send Oxc000074150 chan buffer
Operation
Channel buffer after
d Operati
Oxc00000a0a0 g=&user{name:"Ankur Anand”, age:100} Send Uperation
O0x565bb0
g
O0xc00000a0a0
7
name: "Ankur
Anand"
age: 100

—IHERIE A U, HUELR 0X56420, EFRHLEL LRREMAA. BEIT | | WEAKH | s, g Mih
J Ox565bb0, KA MLAL, A u.

main FEFH, Jeft g KikEl c, iR copy value AR, #EAZ| chan buf H 2 0x56420 , ErefREl g
PHE (AREIRAEMNZD , BIUITEM channel #0821 0w, E@i2  &{Ankur 25} o G, XEIFAZERE 9
“Ri%" BT channel B, HA&H IS ETT .

PR — K-

Remember all transfer of value on the go channels happens with the copy of value.

SERHR

L&A channel /2] https://codeburst.io/diving-deep-into-the-golang-channels-549fd4ed21a8
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*7F channel ¥ happened-before £ Bkt

%7 channel 1J happened-before Lk
YR ERL LR 1 5E S

In computer science, the happened-before relation (denoted: ->) is a relation between the result of two
events, such that if one event should happen before another event, the result must reflect that, even if
those events are in reality executed out of order (usually to optimize program flow).

fal R B R F 0 @ ASifE b #24E happened-before %%, Bl a-> b, 84 a, b 5G4 55— BRI Fh ok
Ro. BTG RS, CPU &S A i, GingmitasEf. NFEHSS, EIFAIULE, happened-before [R a4
HIT,

W4 5252 T7E Gopher China 2019 L R4HwIES =, & T channel k% (send) . Kix5EH (send
finished) . #k (receive) . #i 5 (receive finished) K happened-before &I

1. % n send —%& happened before i n 4> receive finished , it MPALE ARG HAIRY
channel.
2. WFHEEN m A channel, % n 4> receive —3%  happened before % n+m 4> send finished

3. WFARZ M) channel, 25 n ™ receive  —f%  happened before i n 4> send finished
4. channel close —%  happened before receiver 15 F[if %1,

PAPKRB KRR —T.

W2, WATMNIERG M EEB 2R, send R—3E2  happened before  receive, NI receive, RJF
goroutine ¥ Lk, Z 54 sender Wi, send happened after receive. HAEERE, BRI, —TREEGR
%%, 2P channel, 4% n4+m /4> send KA G, A NG

5 n A receive R4, XN, channel #3577, send st #iBlgE. B4E n A receive kLR, sender goroutine
SWMER, Z)E RS RIESE. X, B n A receive —5E happened before % n+m 4 send
finished

i n > receive CARAEN T, XEEMAS T HR.

=2, MR . % n A send W WBHZE, sender goroutine #E#E, #5 n /> receive X EIKR, J5 T n A
send finished. #WIHE n 4> send KHPLZE, BHE n 4 receive Bt %% T, '© A happened before send
finished, ‘&t happened before send.

FW%, [BEMZ—FIEY, SeiE5E closed = 1, [HMRSEf51 receiver, JEKEZEEEE U4 receiver.

Z R (95 RS Z] XETESCRIEE XA PPT 1 Rk, X/ ¥ Gopher 2019 K2 LRI

T happened before, ix B /H— ML RFAE KIHH (Go 5 mMwis) BiHam— M.

Firk 1.5 F5SeVF TR — BRI AT, IR IR R R AL

FATERERE B

var done = make (chan bool)
var msg string

func aGoroutine() {

msg = “hello, world”
done <- true
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func main() {
go aGoroutine ()
<{-done
println(msg)

Y65 LT —/> done channel fl—AMFTEI 78 . 7£ main BR#UE, F3)—4 goroutine, %45 M done BLFZIH|—AMi
Ji. PATHTED msg M3fE. W main B3P <-done  XATARAY, FTEDHISKRMG msg A4, A aGoroutine SRAS
B, AR KL msg IRME, ERFMSIEE. ME Go 55 1, L UMRIE N RS54 A .

T <—done  XATFARRLSS, mEPHIETEML. % aGoroutine HL[ done KiXT AMEZIE, A SWIMREE, dEEHATITEN
msg HEAE. MHXEZ A, msg CEWRER T, FLASITEIH  hello, world

X BAKH happened before wli & im0 —2%. %4 send —i& happened before &—/ receive finished, BJI
done <— true &t <{~done KA, XERE main REE T {~done Ja AT println(msg)
XTI, msg EAME T, ArAS TN HARE S5 R .

R AT HR 2R % 3 2% happened before #U0J, & FALHS:

var done = make (chan bool)
var msg string

func aGoroutine() |
msg = “hello, world”

<{—done

}

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

FIFERT LA BRI 45 58, A4 ARIESE =200, %820 B4 channel, #— receive —& happened before
—/> send finished. /e,
£ done <- true = FEKNZAET, <~done  HEARAET, HHEAE msg AW FE T, RAHBSITEIH

hello, world
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In] channel & EEHE M IEIE 2 BT

W
RIBRAERARALy  chansend  BR¥L, B4 LIRS, FIRERIAERE 7, AT LUE M 2R

// /T src/runtime/chan. go

func chansend(c *hchan, ep unsafe.Pointer, block bool, callerpc uintptr) bool {
// YIS channel 7 nil

if ¢ == nil {
/ IREFHZE, Ei#ER[A] false, ZanARKIELT)
1f 'block {

return false

'/ LET goroutine WIERE
gopark (nil, nil, “chan send (nil chan)”, traceEvGoStop, 2)
throw (“unreachable”)

;f,‘/ﬁg debug /fg% ......

/) X TANBZER] send, BRI R 5=
/ Y14 channel RFEHIH channel &6 4094255 4. aJE2:
/1. channel F2FEZEMIING, HERPNWCBAIIERA goroutine
// 2. channel ZZZMIN, (HIGHEH CLELEE T rE
if !block && c.closed == 0 & ((c. datagqsiz == 0 & c. recvq. first == nil) ||
(c. datagsiz > 0 & c.qcount == c.dataqsiz)) {
return false

var t0 int64
if blockprofilerate > 0 {
t0 = cputicks()

// HifF channel, FHR%Z%
lock (&c. lock)

"/ Y1 channel KT
if c.closed != 0 {
/) SR
unlock (&c. lock)
// E#% panic
panic (plainError (“send on closed channel”))

/ WIEREBENCA B goroutine, EEFFZERENIEEFE N E#IL goroutine
1f sg := c.recvq. dequeue () ; sg != nil {

send(c, sg, ep, func() { unlock(&c.lock) }, 3)

return true

/) XM channel, WIEGHZE M A
if c.qgcount < c.datagsiz {

AR SCA A b BRSO (www. topgoer.cn) ) 2 -
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// qp 75 buf HY sendx (/&
gp := chanbuf(c, c.sendx)

/) FEHAEM ep 4#ETLE] ap
typedmemmove (c. elemtype, qp, ep)
/) RIENFFREN 1

c. sendx++
/) WIERRE i br (6 S T2 EAE, BbriE ) 0
if c. sendx == c.dataqsiz {

c.sendx = 0

}
/) EMPIXHTC R R —

c. gcount++

a2
unlock (&c. lock)
return true

/) UIERA R 2, T ELRER [F1 4 1R
if !block {

unlock (&c. lock)

return false

// channel J% 7T, REHEHIE. B TREME—1 sudog

/7 KR EHT goroutine HITEEF
gp := getg()
mysg := acquireSudog ()
mysg. releasetime = 0
if t0 != 0 {
mysg. releasetime = -1

mysg. elem = ep

mysg. waitlink = nil
mysg. g = gp

mysg. selectdone = nil
mysg.c = ¢

gp.waiting = mysg

gp. param = nil

// 2 H] goroutine A KIEZLFFEFY

c. sendq. enqueue (mysg)

// 4El goroutine #EERE
goparkunlock (&c. lock, “chan send”, traceEvGoBlockSend, 3)

/) MIXBIF4a 2 T (channel HHIEATEIRE T )
if mysg != gp.waiting {

throw("G waiting list is corrupted”)
}
gp.waiting = nil
if gp.param == nil {

if c.closed == 0 {

throw(“chansend: spurious wakeup”)
}
/) WEIEIE ), channel M T . biZW, panic

panic (plainError (“send on closed channel”))
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}
gp. param = nil
if mysg. releasetime > 0 {
blockevent (mysg. releasetime—t0, 2)

}

/ EH mysg EA5ENT channel
mysg.c = nil

releaseSudog (mysg)

return true

AR LAV T, AR NS B
o WIRKNZF] channel 271, 4#7 goroutine x4t

o WTABHIEM RIERAE, WH channel RGHIFHEA ZRIZM20E (5H: a. channel ZAEZZmM AR, HARHR
BAFIBLAAT goroutine; b. channel /222U, (HAGMELL O 2355 70 %)

XX g runtime YRED EERE TARD . IX SR AR AU O 1 AR AN ZE A3 7 s T DR DU B R R, S IR [l

if !block && c.closed == 0 && ((c.datagsiz == 0 &k c.recvq. first == nil) || (c.dataqsiz > 0 & c.gcount == c.
dataqsiz)) {
return false

}

VR RPN A — T DA IngE, RIEAIIRRE— T . if FAFESEEET WS R block Al c.closed. block A
iz, A4 c.closed AR AL goroutine s, BRI INEANE, X2 5" 4TI m AR ik 2.

e, ¥ EF=/HE. cdatagsiz, c.recvq.first, c.qcount. c.datagsiz == 0 & c.recvq. first == nil &
HAEZZ MY channel, JfH recvg B 245420001 goroutine; c.dataqsiz > 0 & c. qcount == c.dataqsiz
TR ZEm ALY channel, (BB CAW 1. IXHE  c. datagsiz  S2hr BHGRARSWAS SR, 7RO & C4 0
FE T o AIMNMEEIE S c. qcount 1 c. recvg. first

X35 B 2 AT R AN word-sized read , EUAIEMA word #1E: c. closed i c. recvq. first (JE22
WD e c. gcount (ZEphA)

MIRATEI c.closed == 0 JNE, WHE channel R¥ESCH, F AT =305 12 AF, W2 c. recvq. first
== nil i c.gcount == c. datagsiz i (X B 2% c.datagsiz ) , BT B IX O IEERAEE R ML HE,
P Al false.

X LR BN channel &% . channel not ready for sending. 33X X5 #54x B B Ina i B B0 i 5 A — 5
FIE L. BIAnFRSEMM E] channel A%k, HMELE channel not ready for sending, X3 LIS LIxAS if 261F
T, HRMWRIXE c.closed B 1, X HSIEANH L &AE T, HELLRA B !

{H5E, N—4 closed channel A~ channel IR M ‘ready for sending’ 25k ‘not ready for sending’, L 243& A
JiF| ‘not ready for sending’ i}, channel A& closed. EIfffi  c.closed == 1 , I channel &7EX A MM 1) 4
K, A UEIALEXF A ], channel 3 2 AN 244 not closed gl not ready for sending , iXHf,
RE BRI false & 7%AT I B o
KRR LA SR, SRR H AR D SR — B, BT RE .

o WEKEIE channel B4 % H], EL#% panic.

o A NEERFRILEATY recvg T BL—/> sudog (fRFEK—A4> goroutine) , ULEHLILR channel 2=, A IGE, Frbh

A SEERE . Z A send BMECKE O R EHEMRIEE AP DLBRICE Ak, 888 (EtH sendDirect
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// send ERELLLPEIA]—NESHG channel KiEHE(E

/) ep TEIEIMERIEHITCER, S o EH T BZEYH) goroutine

/) 2, BT goroutine SRR

/)¢ BIREN] (BRI AZEFFAGIE A goroutine, HEALZH])
/¢ DA LEE, KIEHAEHAT )G, S unlockf MRELAFER
/) sg BHELEMEFFMFIEIR LK T

// ep MARIEES, FH BI85 FIHES A B

func send(c *hchan, sg *sudog, ep unsafe.Pointer, unlockf func(), skip int) {

/LN EH

// sg. elem 15[ FIHIEFIXBI E, W1 val <~ ch, F5HIELZ &val
if sg.elem != nil {
/) BHEZEFHTAGE (RREE TR
sendDirect (c. elemtype, sg, ep)
sg.elem = nil
}
// sudog _EHBREN] goroutine
gp = sg.g
/SR
unlockf ()
gp. param = unsafe. Pointer (sg)
if sg.releasetime != 0 {
sg. releasetime = cputicks()
1
// BREEFENCH] goroutine. skip FIFTEIFGAHRE, BN AL
goready (gp, skip+1)

pissw s sendDirect PRI

/) = NFEEM T channel RIXHHE. N—ITFILE H/ (IFZMN T B P ZH 5D [ channel
/) WA, e FE—1 goroutine EI#%#E(ES —1" goroutine HIF%
// HIT GC X R S #(E R BER A goroutine Efsz 17 H #1255 goroutine K5
/) BB B SEER LIG R TIXAME . AIESIE I — L5 8T, F LA 77 2 2 5 B R A
func sendDirect(t * type, sg *sudog, src unsafe. Pointer) {

/) sre #E2ET goroutine Ik, dst #2H—1> goroutine HItE

/) BT T

/W B AR R T He s, 2SFEMTEEH T sg. elem J&
/) T GEIG ARG dst (7 EHIE T

/UL 7 B RIS 2 B — 1N

dst := sg.elem

typeBitsBulkBarrier (t, uintptr(dst), uintptr(src), t.size)
memmove (dst, src, t.size)

X B 2 #) /> goroutine H %5 5%/ goroutine # iR, M E, AF goroutine IR & HAVE Y. X thix
T GC M—ff %, NT AP, SR hsymn T 5k, (RIEEMh RS EE. PG 2D T —IRNAF
copy: AHZHEILF| channel [1) buf, E¥zm&EERNEICE, BATREHEN, ZORB[BLUERS, 5%,

WRIG, fRBL. WREERRVCE, SfFRERMOLE, B mAUELKH, LGRS ATHEREZ R AL T .

o MR c.qcount < c.datagsiz , BEEAZEMPIX AT (G ERLZMALT channeD o ik bR HONCHE A R 3% TG R N 1% 2 H)
A=
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gp := chanbuf(c, c.sendx)

PTG FE A
i uint) unsafe.Pointer {

o/ B EIEHBAF B
func chanbuf (¢ *hchan,
return add(c. buf, uintptr(i)*uintptr(c.elemsize))

}
c.sendx  FRIAIN —AMRFRIETCEANEABL P IOLE, SREHA
c.sendx M1, TREEMNL: c.qcount++ , IJE, APIIFIRIE

typedmemmove

PRECREEL P8 DL BRI B AL . 2 )

o MNRBA AR LSRR, Ui channel B4 7. AR channel SR R IE AR pp 8, #ERG XA sender
“Jekdsk” (goroutine #EFHLZE) . W% block Jy false, EL#EfR4H, iz[n| false.
o IR E T B P ZE RS L. JeiE— > sudog, KIEABA (channel i) sendq 7B o SRR
goparkunlock  f X477 goroutine $:ite, JEARHL, ZEAFAIE MU AL E B .
Mg 5, M goparkunlock T AT H G 4 2243 T PAT -
XA e EE, sudog i@id g Bl goroutine, i goroutine ilid waiting 4F5¢ sudog, sudog i&iEiT
elem  FEYERRIEZETLRIIHNE, LLJ © FRAEY BRI AR channel.,
FrLL, FpRIEMCR ISR/ 7E sudog SRR R, a2 2401 goroutine B,
WY, BHEUEMG. FRAIEE kAT, AR
func goroutineA(a <-chan int) {
val := <~ a
fmt. Println(“goroutine A received data: ”, val)
return
}
func goroutineB(b <{-chan int) {
val := <= b
fmt. Println(“goroutine B received data: 7, val)
return
}
func main() {
ch := make(chan int)
go goroutineA (ch)
go goroutineB(ch)
ch <=3
time. Sleep (time. Second)
chl := make(chan struct{})
}
FERE/NY IR TS G1 1 G2 FI/EdE# sk T, 4% sender sk, {645 17 47, EWER ch K% T —41M & 3, KFE
THTN RS KEMN A
R AT IRID A BT 45 B, BA1%0iE, sender &I ch [ recvq B4 receiver /AR w2 HA—A> sudog,

recvq & first #8411 sudo “HEZE" R T, FEHIIMAZE] P AIE4T goroutine BAFIH .

Wa,

sender 1k i% 0 £ N F sudog [ elem Hihibib, /5 2:H] goready # G1 Mefig,

JRZ&AE N runnable.
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1] channel &% i #2E 2 B RE R

G
current G T
M

runQ

T runnable
G4

LRE RO G1 1, K G1 AR running JRZS, $44T goroutineA T RIALIL. G FxHABTAEH M goroutine.
X RS KB AN RS B NIRRT RVE . A receiver 78 channel f—i g MELREIIZE %, X channel 55—

KT —A sender #E% A channel KIEHHE, N1 @ik, HAEBED channel 1) buf “srfE"—Uk, BB IR HEE AR
copy F|HMHhEEE AT LT, R mi !
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main R
ch<-3

EER—AREE, 3 W G M EREACLE, tptd val fthkAL, fRAFE elem FBL.

SEBH

[# A channel &/Z] https://codeburst.io/diving-deep-into-the-golang-channels-549fd4ed21a8
[KavyafEGopher Con LXT channel i, JEHIF]

https://speakerd.s3.amazonaws.com/presentations/10acObld76a6463aa98ad6a9dec917a7/GopherCon_v10.0.
pdf
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M channel #2508 it 72 2 BRI

M channel S IR B

W

TV — TR MRS o (R T B R RE 2 5, AR — N SEBR i) 1 R A 7T

YR PRG35, —F0iF “ok”, B channel /2 Bkl —HiANH “ok”, XSk, AHMCRIAIN I (1 FAE N Tovk s
ERISLNAIEE RGELRIE, 2 channel #ERHE, IR B4 BUCE MERAE RN FE. MM5TE, 6% 8RR

=K
Flo

e PR AR AE RS I RN S i e 0T I U LRI A B

// entry points for <- c¢ from compiled code
func chanrecvl(c *hchan, elem unsafe.Pointer) {

chanrecv(c, elem, true)

}

func chanrecv2(c *hchan, elem unsafe.Pointer) (received bool) {
, received = chanrecv(c, elem, true)
return

chanrecvl PR B AR “ok” B TE, chanrecv2 @it A “received” XA FEK XM channel & #H %
[lo BRI LR IR, 3" S5 elem  ArREAHHE T, XRME C/C++ RISk, A B 208 7 g, X
1Y elem N nil,

T, & T chanrecv A%

// I F src/runtime/chan. go

// chanrecv ERELHEENNL channel ¢ WITLFEHFGIHEGA ep HrE A7)

/) IR ep A nil, UEHLREE TN .

/) IR block == false, BEIFEBHFZETILAN, FERA L ATZNCHIEN T, B[E (false, false)
/B, AR ¢ LT RIEVRES, # ep 1EFIHIHEAEIE S, 8[A] (true, false)

/) B, HRIEHEES ep 8FIFTAFHEAE. R[] (true, true)

U ep HEES, TN iZ A8 R HEELE KA 7 1

func chanrecv(c *hchan, ep unsafe.Pointer, block bool) (selected, received bool) f{
//i/ 'I’_/’/‘///Lﬁ; dobug‘ //y’ﬁ: ............

/) WA —1 nil [f) channel

if ¢ == nil {
/) UIRAHZE, E#R[E (false, false)
if !block {
return
}

/) B, BEY—1 nil [ channel, goroutine 12
gopark (nil, nil, “chan receive (nil chan)”, traceEvGoStop, 2)
/) DERATEIXE

throw (“unreachable”)

/) FEFEBAZEREZCTT, PRFER I RIL, AR, PR ]
/) BEENIERF] channel JHERIFHENL:
/)1 FEBMH, fERIESIBA sendq HHAH goroutine 1EZFF
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/2. R, (H buf EREILE
/) Zg, XUWEZF] closed == 0, Bll channel KIH].
// PR channel ASHJREHEERZFTIF, HrLLET—AMMAIHS 1% channel H2AKRFHIH,
/I AEX PGS R Al LI B e AR, i8] (false, false)
if !block & (c.dataqsiz == 0 & c. sendq. first == nil ||
c.datagsiz > 0 && atomic. Loaduint (&c. gcount) == 0) &&
atomic. Load (&c. closed) == 0 {
return

}

var t0 int64

if blockprofilerate > 0 {
t0 = cputicks()

}

7/ I
lock (&c. lock)

// channel EXH], I HIGHEH buf BRAILE
/) X AT UL PRI T T IEE buf TEIT 2 HITEN
/LA v BRI RS, (HEZE M) channel,
// buf BHICEMEI TR EIE 3
if c.closed != 0 & c.qcount == 0 {
if raceenabled {
raceacquire (unsafe. Pointer (c))
}
Va
unlock (&c. Tock)
if ep !=nil {
/) M—ERE channel HATEANIRIE, HARZHEIREE
/) L BN HIE R AR — B e
// typedmemeclr FR#EIETELIEFEH N HILEHT A A7
typedmemclr (c. elemtype, ep)
}
/) M—PEFHI channel B, selected iR [A[true
return true, false

}

/) EFFRIENIEA goroutine FA7E, UL buf AT
/) XA A EAE :
/) L JFZRMER) channel
/) 2. ZEMAE) channel, {H buf J% T
/)X 1 B EVTAEFEDD (M sender goroutine —> receiver goroutine)
S EIX 2, BB AL BB IO, IR R IR 0 R T 5 JE
if sg := c.sendq. dequeue(); sg != nil {
// Found a waiting sender. If buffer is size 0, receive value
// directly from sender. Otherwise, receive from head of queue
// and add sender’s value to the tail of the queue (both map to
// the same buffer slot because the queue is full).
recv(c, sg, ep, func() { unlock(&e.lock) }, 3)
return true, true

}

/) G, but AL, AILLEE AL
if c.qcount > 0 {
/) B EER B B I B B e %

gp := chanbuf(c, c.recvx)

/) ACIBE, REREERZWHIE, 2 "<~ ch’, ili&Z “val <- ch”, ep 5/ val
if ep != nil {
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typedmemmove (c. elemtype, ep, qp)
}
/PR A A B
typedmemclr (c. elemtype, qp)
// BEIEpR I AT B 5l
c.recvxtt
/) BRI
if c.recvx == c.datagsiz {
c.recvx = 0
}
// buf FH B 1702 N 1
c. qcount—
/) R
unlock (&c. lock)
return true, true

}

if !block {
/) AEBHFERENL, fEBE. selected iB[E] false, KA H HNCFIE
unlock (&c. lock)
return false, false

}

/B FIRBLAR TR FE R IE T
// HiE—1" sudog
gp := getg()
mysg := acquireSudog ()
mysg. releasetime = 0
if t0 != 0 {
mysg. releasetime = —1

/N I AR TR
mysg. elem = ep
mysg.waitlink = nil
gp.waiting = mysg
mysg. g = gp
mysg. selectdone = nil
mysg.c = ¢

gp. param = nil
// A channel HIZEFFEZCBZY
c. recvq. enqueue (mysg)
/) #E0T goroutine HEE
goparkunlock (&c. lock, ”“chan receive”, traceEvGoBlockRecv, 3)

/) IR T, $6 MaX ERBEAT — 2 B T AE

if mysg != gp.waiting {
throw ("G waiting list is corrupted”)

}

gp.waiting = nil

if mysg. releasetime > 0 {
blockevent (mysg. releasetime—t0, 2)

}

closed := gp.param == nil

gp. param = nil

mysg.c = nil

releaseSudog (mysg)

return true, !closed

F AR R L RN 1, ARET DO IS —ATAT R, BRATEORVEANE — T .
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o Wi channel Z2—M2E (niD , EAEMHIERT, SEERM, EHERXT, WA gopark i
goroutine, XAN&—HIHIET . KA channel &2 nil BT, EARHIE, RAXEE, HXE— nil 1
channel X £ k*E panic, FrRLEA LSRR T . B4l LATE closechan sR & RINHEFE .

o MURERREL—HE, A T — NEARMLEEREAT, AR, PR 0 B0 RO ELR Bl A4 o I R — 50, AT
I AESARRD RN 5, FRB e FRAE A, PR, REAEACHDZAE BRI, O ToRIIER B O A, BRET,
BRI AN WL T A E OS2 T .

// {EARFHZEREAT, PR IEI KM, AR, PUdiR[E (false, false)
if !block & (c.dataqsiz == 0 & c. sendq. first == nil ||

c.datagsiz > 0 && atomic. Loaduint (&c. gcount) == 0) &&

atomic. Load (&c. closed) == 0 {

return

LIRATMEER] channel Y& AE# 173208

1 ARZEnh Y, SRR RIESIBAHEAT goroutine {EAFf
2. G, A buf HEH TR

ZJa, XMgF) closed == 0, B channel k%M.

K2y channel ARTBEHEEZITHF, FroAur—RIIAOEH%,  channel W/2RSCHINT, BIILAEX Tz L R AT LL BB s A eliok
W, pRagR (el ROSBREE T, Wik, FrblREEY (false, false).

o PETRRIERAME, WS EEBL RERE K. W channel CO6H], JEEAEH AL buf HEA TR, XHRARZE MG H
AZEPPARLCH buf JEIoR MG, RN R A EE, H received friflE false, #HiFIHH# UL channel &¢I,
PRECHE SRAVE AR IE R RS R IE R . HRMRAL T select EER, XMEILARIL S T 1. REH
channel AIfEEM(E S M5kt drh TIX .

o TR, WIRAERREMBS, Uil channel ©40 T, ZEAZIEZMAN channel, 42 channel, (H
buf i 7 o KPR H AT DUIE B .

Fi&, A recv E%L:

func recv(c *hchan, sg *sudog, ep unsafe.Pointer, unlockf func(), skip int) {
/) WIRRIEE AR channel
if c.datagsiz == 0 {
if raceenabled {
racesync (¢, sg)
}
/) RN HI B I
if ep != nil {
/) E1ZEF#E VI, M sender goroutine —> receiver goroutine
recvDirect (c. elemtype, sg, ep)
}
} else {
/) M) channel, fH buf CEj#%.
FEOEHELA but B BT 190 345 D1 2200204 1 Hh
/) FGRIEE HIEAREA B o SR LIXH revx Fl sendx (HHZ
/) BB
qp := chanbuf(c, c.recvx)

/) YA AR DA
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if ep != nil {
typedmemmove (c. elemtype, ep, qp)

}

/) FERIEF LA V] buf
typedmemmove (c. elemtype, qp, sg.elem)
/) R pn

C.recvxt+
if c.recvx == c.datagsiz {
c.recvx = 0
1
c. sendx = c.recvx
}
sg.elem = nil
gp = sg.g
unlockf ()

gp. param = unsafe. Pointer (sg)
if sg.releasetime != 0 {
sg. releasetime = cputicks()

}

// EERIEN goroutine. 77 ZEAER LA I

goready (gp, skip+l)

R A ARG, B N RE R (ARSI BRI A

func recvDirect (t * type, sg *sudog, dst unsafe.Pointer) {
// dst is on our stack or the heap, src is on another stack.
src := sg.elem
typeBitsBulkBarrier (t, uintptr(dst), uintptr(src), t.size)
memmove (dst, src, t.size)

M, gt channel, i buf SU# 1R . SRR MR bR E & 1, I 23R B b

// chanbuf(c, i) is pointer to the i’th slot in the buffer.
func chanbuf (¢ *hchan, i uint) unsafe.Pointer {
return add(c. buf, uintptr(i)*uintptr(c.elemsize))

}

FZAC I LR P VLB Btk . SR 5 A% 3 R A I B 35 DB BYSOepbn Ak o SRR 58 B 1 4SO R AR Bl (3 A - 42
Ko AR SE AR AN BRI BT HE—, WRAE ISR, B O JTUf S

J5, B sudog B goroutine, M goready K HARA KK “runnable”, fFAikE BmemE, SERFIHERRIIRIE .

o S5, Wk channel 1() buf BUSAHE, Ui DLHEOE R Y. EE, IXH, HHRLE channel S 5CHIITT R
N, HORATPUERNX R, X B LU, IR R buf BRI bR AL B FE DS .

o BV, ERIXEURIEIE R EINER . 28, QR block fLHERHME R false, MRELAPHZE, HERMBAT 1.

JekyiE—A~ sudog, EEERURGAASMME 7. R, X ESEICERE b bk A5 R T elem  FB, MHEMREERT, ik
B St R RN F B M bk . 2R 5% sudog W NE channel 1) recvg BAFIE . ¥ goparkunlock &t
goroutine #H:iz.
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BRI & goroutine WM s 1 SRR TAE T .

E S b

M channel AT channel A% Sl Fd R BAT T TR AN 7 RAEAT B«

func goroutineA(a <-chan int) {
val := <~ a
fmt. Println ("Gl received data: ”, val)
return

}

func goroutineB(b <-chan int) {
val := <~ b
fmt. Println("G2 received data: 7, val)
return

}

func main() {
ch := make(chan int)
go goroutineA (ch)
go goroutineB(ch)
ch <=3

time. Sleep (time. Second)

HSEEIE T — AN channel, ##E531Pi4 goroutine, FFEHITH GV channel f£i#dk%. AR5, [IXA channel
HRIEBE 3, fn sleep 1 MR FEFFIR Y.

FEFAE 14 17608 T — AN IRZE A channel, ®ATHRE chan gikgfkdi— 2 E 8B, RMWEIRZEE—F chan Bk
& I A HR B
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ch

buf

lock

45, 8 15, 16 17408 17— goroutine, & HHAT T — AN HaUlEEAE . @ BT UG o4, BATEIE, XA
goroutine (SRR N GL fl G2 4 1) #Me iR ERE. G1 F1 G2 &4:7E channel 1 recq BAIH, FE— XA
TEREESR

ERFI 17 47200, chan [ REIE SN R
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chan int {

qcount:

dataqs

buf: *

elemsize:

closed: @,

elemtype: *runtime._type {
size: 8,
ptrdata: @,
hash: 4149441018,
tflag: tflagUncommon|tflagExtraStar|tflagNamed,

fieldalign: 8§,
kind:

alg: *(*runtime.typeAlqg)|
gcdata: *1,
str: 1015,

*sudog<int=>)(0xc
sendq: waitg<int> {
first: *sudog<int> nil,
last: *sudog<int> nil,},

lock: runtime.mutex {key: 0},}

buf  FRFENMEEEN O BUBA, qcount i 0, IR channel % H LR, FH o0k recvq A sendq
BAE waitq 5444k, 1M waitq LR BEUE - MRUAEER, BERICEE sudog, HEEE g TE g RR—
4~ goroutine, FiLk sudog "I LLFE & —> goroutine. recvq fififiees4ki it channel {HiFHZ%E ) goroutine, sendq
MAEAETR 2R 5 N channel, {E#%FA2(( goroutine.

BRI, FRATATLLE S, recvg B THA goroutine, W2 HiTH IS8 G1 Al G2. [KA#%A goroutine #U%, 1 channel
MR TR, bl GL A G2 #iFH%E . sendq & #iFH %Y goroutine.

recva  [MEIRLEIT:
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Chan

recvg

nil

prev

0xc000088000

FEAEEAR ESKF— N chan thif RS -
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ch

G G

elem elem

prev prev

next next

GL FI G2 e 7, R&ZL  WAITING . XT goroutine & 3 A A RINE A, LRSI E ESEHRM L,
X E RN, goroutine 2 ASMPME, B Go runtime 4T, fEAXTEL, WZZFEH OS #H{T& . Goroutine
AR, KRR LU B8 KT goroutine.

— NN LS B Z A goroutine, 43d—A goroutine [HIER), WAZLZLAE AT LLIHE HALM goroutine Kiztr, W%
LR ALHIE, X 2MERINVEN N B

01 g2 Je g2

0S thread:

g3 | Os g1 g4

0S thread:

M:N scheduling

M:N RREARLEE =S My Py G M2 RZZERE, $131i81T goroutine; P & context, {Rff goroutine &7
PP 240 | RS, Ei4E T AIELT (runnable) K goroutine 5% G MIEFHIETH goroutine. M Al P /& G iz {rH%k
it
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G| running

current G

runQ

G
T runnable
G

R BBEIRAIRA "M, % Gl ( go goroutineA(ch) ) E{T%| val := <~ a B, EHAKMN
running JREAERL T waiting k& GEA T gopark Z G459 -
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Gi| waiting

current G

runQ
G

runnable

G

Gl Bi&5 MR &R, HBESRTASIE MINA, Freladksm iy —/> goroutine KigfT:
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waiting

current G

runQ

runnable

G2 R FFEMEE . IAE Gl G2 #dEi T, Sf5—1 sender £ channel BLACREIE, A A3 2IARRL.

ZERHR

L&A channel /2] https://codeburst.io/diving-deep-into-the-golang-channels-549fd4ed21a8
[KavyaftGopher Con LXT channel iiit, JEH4F]

https://speakerd.s3.amazonaws.com/presentations/10acObld76a6463aa98ad6a9dec917a7/GopherCon_v10.0.
pdf
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ok

HeAE channel H 045

HAE channel 11500 45

REE—F#E channel (045 5F:

nil

Ak closed channel not nil, not closed channel
channel
close panic panic 15 ]
¥ < P 2 B IE 3 B . 220 channel
ch PH 2 BN RME R EEEZ A channel
WA SR RIEF I 2 PH 2
= ch BH ZE B E & 5 AN . AEZE % channel
- B 2 panic BB S s Bl i channel buf

T 2 i FH 28

Mai—F, kR4 panic A =R - DXE channel #EATS#AE; L —A nil () channel; EEXH 4
channel.

. H— nil channel #8214k H % .
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FM— channel fid R 2 ERER

FH— channel 22 ERER

KA channel, Z#4T %L closechan

func closechan(c *hchan) {
// FEH]—1 nil channel, panic
if ¢ == nil {
panic (plainError (“close of nil channel”))

VR |
lock (&c. lock)
/) WIE channel 4]
if c.closed != 0 {
unlock (&c. lock)
// panic

panic (plainError (“close of closed channel”))

/) BHRAIRE

c.closed = 1
var glist *g

// ¥ channel Hr 5t FIIE sudog FEIK

for {
/MBI Z B Hi Bk —1~ sudog
sg := c. recvq. dequeue ()

/) HBAERE, BEHER
if sg == nil {
break

/) UIR elem AL, VML receiver ARZMEZEWEHE
/G5 IR — N R 2R T G 2 e
if sg.elem != nil {

typedmemclr (c. elemtype, sg.elem)

sg.elem = nil

}
if sg.releasetime != 0 {
sg. releasetime = cputicks ()
}
// WM goroutine
gp = sg.8

gp. param = nil
if raceenabled {
raceacquireg (gp, unsafe.Pointer(c))
}
/) HE, TERHER
gp. schedlink. set(glist)
glist = gp

/) ¥ channel ZEfERIZMIER] sudog FEIK
/) UIRIEAE, X4 goroutine J§4> panic
for {

/) MKIEBA B HBA—1 sudog
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sg := c. sendq. dequeue ()
if sg == nil {

break
}

/) RikX#H £ panic
sg.elem = nil

if sg. releasetime != 0 {

sg. releasetime = cputicks ()
1
gp = sg.8

gp. param = nil
if raceenabled {
raceacquireg(gp, unsafe.Pointer(c))
}
/) TR
gp. schedlink. set(glist)
glist = gp
}
/R
unlock (&c. lock)

// Ready all Gs now that we ve dropped the channel lock.
/) I EER

for glist != nil {

/) B E—1

gp := glist

/) ERIE =2, F— 1R g

glist = glist. schedlink. ptr()

gp. schedlink = 0

/) MEFEFHN goroutine

goready (gp, 3)

close ZH LA ., XFTF—4 channel, recvqg fl sendq H1 43 B ERA7 T BLEE M RIEE FIEE . %M channel J&, X4
RRECE S, SR — MHN R R TSR REE, £ H$E panic. ATLL, TEA TR channel A7 BA Bl 1
DR, AREFSRKM] channel.

close % E—4ERS, B HATH XA channel 1) sender Fil receiver &#(#EK—/> sudog #%%, Fff4i. &
J&, FRTA I sudog A HRMRREE .

MR 2 5, % TR sender x4k 4T chansend i3 goparkunlock ¥z /MRS, RAE, filF) channel
C&KXMT, panic. receiver Mk =ia, #Hir—SHETIERE, RE. X8, selected iR\ true, TR received M
FE channel £ %H, REIAFKIME. WHE channel M, received A false, 7N true. XIRATAMHT B FIE AL
T, received i[9 false.
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map

map

map KRB LHFEERA 2

AT DAIZ 38 32 B

map KRS ERERK
ALY map K oR B bR
WATHE R A map %
WATSEELPT get BfE

map REBRZENT

map &R ERK
map i key A2 —REFH
float KH T DMEA map H key G
map HIRETERERFK
map K AT ERERK
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map 1R E LI R B A4

map 1)K Z LB E 4

4% map
HEIL R E X map:

In computer science, an associative array, map, symbol table, or dictionary is an abstract data type
composed of a collection of (key, value) pairs, such that each possible key appears at most once in the
collection.

F RG] AR R, BROVREEL. map. fPSRuGE T, Rl 4 <key, value>  XPAHBAII R
e, , IFHIFE—A key N Il—k,

HHANH A map & key-value  XFALR; key  H&Hl—
A map HHERE A

1. 88—/ k-v & —— Add or insert;

2. MEE—" k-v %} —— Remove or delete;

3. B EEA k SR v —— Reassign;
4. BHHEAS k XFHE) v —— Lookup;

map MR “The dictionary problem”, ‘& BAES & BT —FPEd 45 1 sk e — AN SEA s, I B rT BRI B X
B HEAT I A D3R o o 2 R B 45 K T D R WA 4R (Hash table) . HEM (Search tree)

WA EHRR A — NG RO key SICBEIARIIR (bucket, W BALMAR index) o XFE, FFHY AL R BT
DA R ORI ] ZEIRZ 50T, A SRR IR & .

WA B AR R — R AR AE A (Y 1), R WANIENT key A AE ) T [l —A bucket. — A PRI Iy xR
WM JPohhkE . ERIE KA bucket KBS MEER, EAERA bucket i) key # AR A KA EE
*. JPRGBhEE MR R A G, R, R R R Ik B A, HRIECE T key

TRPE BRI BT B RN, O AVL W, 208N N2 Sl 2], B RT 5L, R NE, 1
REHOMEA LR, L.

H PR RN R ZAE R AE L O(logN), i A4RR Rz O(N). 2%, WA AR PR AEE O(1), Wikeg
A BT RS, IR LA S A — 5, BT EHERN, BB key PO, — BB AN BRI i
s TG A EEARR WAL .

map HIJEETSEE

HRAPIRHT Go JRAR:
go version gol. 9.2 darwin/amd64

BT map SEBLH LI %, Go i & RIMR M kR, JF HATBER M i s b R

o

FFORIATEIRR map M0 RH], — B NHai .

map WA
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RIS H, FoR map MEHIRZE hmap, ‘©/& hashmap 145"

// A header for a Go map.
type hmap struct {
/LA, A len (map) Hf, E R [E[HAE

count int

flags uint8

// buckets [IX1#c log 2
B uint8

'/ overflow [ bucket Url#t

noverflow uintl6

/A key HIIGAT HIBTIR S AENIGAT BRI

hash0 uint32

// $5Ia] buckets #(ZH, KK 2°B

/) WIRILFE N0, B nil

buckets unsafe. Pointer

/) TR, buckets KIFLE oldbuckets M1
oldbuckets unsafe. Pointer

/) TN, DT UEHEAER buckets IEBETEK
nevacuate uintptr

extra *mapextra // optional fields

B —F, B J& buckets BUHM KR, W2 Y buckets BH MK Z 2B, bucket HLifE4E 1 key Al
value, JaT&mEif.

buckets j&—/Migkl, WA BRI — AL

type bmap struct {
tophash [bucketCnt]uint8

fHix FE K (src/runtime/hashmap.go) 45 H, aitifim &5 TRk, SOl — AN g5

type bmap struct {
topbits [8]uint8
keys [8]keytype
values  [8]valuetype
pad uintptr
overflow uintptr

bmap  HURIATH VKM, WS REZ R 8 A key, XL key ZTLALVENF AN, RBENEMIZE R AT
JG, MEARERGE R RN, iR key THELHIRIT hash (HI0F 8 fkikiE key BIRVE AN KM LS (—4
WMNRZHNMIE) .

KRR -
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[[omap
 hmap . bme | bmap

count // o tophash / tophash
flags 2 keys keys
3

B=5 4 values values

noverflow / \\ pad ‘/ pad
S - \ )
*puckets — 30 L *overflow * overflow
* oldbuckets 31 \
\
* extra — tophash
<
\ keys
mapextra values

overflow pad
nextoverflow * overflow —0
4 map 1 key fil value #A 2484, IEH size #/NT 128 FIEIL T, 24 bmap Fricd A& HREr, XFERT LU % gc

I 384 hmap. {242, A1E bmap HL52f5—A4 overflow M5B, IRE2EMN, BIAT bmap REFEMBE, X
24 overflow #3)%] extra 7Bk,

type mapextra struct {
// overflow[0] contains overflow buckets for hmap. buckets.

// overflow[l] contains overflow buckets for hmap. oldbuckets.

overflow [2]#*[]*bmap

// nextOverflow &5 overflow bucket, IXAZFHA NI bucket

nextOverflow *bmap

bmap A k-v 77, BAHEMELIE, F40%5 bmap KN IR,

ARSCRS S H RSO (www.topgoer.cn) i - 52 -



(0] [1] [2] [3] [4] [5] [6] [7]

HOB | HOB | HOB | HOB Ermoty|Emot HOB | HOB
Hash | Hash | Hash | Hash Pty EMpy Hash | Hash

keyO

key1

key2

key3

key6

key7

value(Q

value1

value2

value3

valueb

value7
* overflow

F &k & bucket [ 4 7EREAL, HOB Hash  f&[Jmt/e top hash. &% key fl value J& & FIE—EEI, FEARE
key/value/key/value/. .. PRI ARG B UL X FE I I b 7 R L L N e LR ISR padding FBL, T NAFES
i8]

Biltn, AIXFE—AEEE map:
map[int64]int8

WAL key/value/key/value/...  XFEMUBEETEGE, FRTER—A key/value X2 JGH#E A4 padding 7 AN i
BT key, value g s —ig, XFEA key/key/. .. /value/value/. .. , W XSS R VRN padding.
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A~ bucket it RAETK 8 1 key-value Xf, WAL 9 4> key-value ¥ N ATTHI bucket, TRt ZLFEME —1

bucket , il overflow  FRENEHELK .
£I2 map
MIEEET Foki, Ald map 1R f# 5

ageMp := make (map[string]int)
/) 1EE map KE

ageMp := make (map[stringlint, 8)

'/ ageMp 9 nil, EEFRIEIRNICE, 4 EHi%panic
var ageMp map[stringlint

ECRwIE S LR, b BRE A makemap  PREL, EEMA TIEREVIGHL
Be, BIit5 B BIR/, BEMA T hash0 %4,

func makemap (t *maptype, hint int64, h *hmap, bucket unsafe.Pointer) *hmap {
/) B FIFR A, .

/) R4 B, (€75 map HIZEE LA 71E IE 7 75 [H A

B := uint8(0)
for ; overLoadFactor (hint, B); B++ {
}

// PJ4EE hash table
WE B 4EF 0, H4 buckets FLETENRAE HIHT R FES D
/) WRKEHEA, FEAFAIETRK
buckets := bucket
var extra *mapextra
if B 1= 0 {
var nextOverflow *bmap

buckets, nextOverflow = makeBucketArray(t, B)
if nextOverflow != nil {

extra = new(mapextra)

extra. nextOverflow = nextOverflow

/) BIEEAE hamp
if h == nil {
h = (*hmap) (newobject (t. hmap))

|
(=}

count =
B =8B
extra = extra
flags = 0

hash0 = fastrand()
. buckets = buckets
.oldbuckets = nil
0

. nevacuate

sl s

.noverflow

return h

[51H1] slice fil map 73 {E N R B HUN A 4 X5 ?

A SRS F s B SCRS (www. topgoer.cn) f - 54 -
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VER, XA BR R B AR shmap B NMEE MRAIZATVHER makeslice  MBURMIFE  Slice
GERIA:

func makeslice(et * type, len, cap int) slice

[FlE— T slice M4kt X

// runtime/slice. go

type slice struct {

array unsafe.Pointer // Ji & 1541
len int // KEZ
cap int // Ak

S PR A P A IR A B AR

makemap Fl makeslice X 7], Hik—AMAREL: 2 map fl slice fENERESEUT, RSN map FIE/ESR
i map HE&; miXf slice #IA4 CZRivE slice &R AL

FEFE: —REH ( shmap ), —MEEHE ( slice ) . Go BEHREUESH R EEH, EREARE,
S copy BlAH, *hmap  F87%F copy 72 )a, VRFEIAIE— map, KIEEA#EX map MIRES TS,
iMi slice #% copy Ji, £N—#HM slice, WEHHTHEEASLMEILS,

WA R

map W— R RAET, R REIESR. R EZIR, Sl cpu &R aes, WRIHE:, WL aes hash, I
H memhash. XZ7EEE  alginit() e, LT R AR src/runtime/alg. go .

hash s, AHhnsafdmas i,
s B — A T s RdE . Ko aias, AR E md5. shal. sha256. aes256 ixfi;
JEIN AR — M R Bk . 76 map RIS IR, IR TR

ZHRATI L, TR S

type type struct {
size uintptr
ptrdata uintptr // size of memory prefix holding all pointers

hash uint32
tflag tflag
align uint8

fieldalign uint8
kind uint8
alg *typeAlg
gcdata *byte

str nameOff
ptrToThis typeOff

Hp o alg  FRUMRAMR, CREA TR TR

// src/runtime/alg. go

type typeAlg struct {
// (ptr to object, seed) —> hash
hash func(unsafe. Pointer, uintptr) uintptr
// (ptr to object A, ptr to object B) —> ==?
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map )2 SR #2414
equal func(unsafe.Pointer, unsafe.Pointer) bool

typeAlg CLE /M K%L, hash BECHEERA KIS, 1T equal MBUNTHEI MM RALR R WA AN

¥ string 24, B/ hash. equal &E%n

func strhash(a unsafe.Pointer, h uintptr) uintptr {
x := (*stringStruct) (a)
return memhash (x. str, h, uintptr(x. len))

}

func strequal (p, q unsafe.Pointer) bool f{
return * (kstring) (p) == *(xstring) (q)

}

A key 24, _type &5H0RM alg FB & BEXNZEAM hash F1 equal %L,
key SEPLIEE

key I HGMHEAAE, L 64 4 bit £ (6404, 32MHLHATTIR T, WAEFRAL6AMANL) , T H E R KEELE
AR, N MBRE B A bit Az, BC/AHTHAZRZL M B 14?2 Wit B =5, MAMMEE, Wtk buckets HZH MK
& 275 =32,

g, BUEA A key LG A AT SR, 19 BUROIR A 45 R AL
10010111 | 000011110110110010001111001010100010010110010101010 | 01010

RMEJEI 5 A bit fir, HBgi2 01010, {9 10, thmlit 10 Shf. X ERAELER LAUERURIRIE, (HEBURITHAK,
SN EDS M WENNIVE S (A

FIWEAER) = 8 Az, FREIM key 1t bucket HHIMLE, XRAETFROAN key. BIMAMNILEA key, FMAK key &
BV —ANELL BN

buckets %i 58 5, AP AFK key AR MDA VISR REFRT B R 1
bucket i, MHIEEHRIIEE DAL, XFE, EERFED key B, JodRBITRIIH, 2@ bucket H1i¥ key.

X ZHEHER github % g —5KIE, JHEE ascii ¥, geek tk1/2, WLLNSH GORHRBIE RIER, HHFRKXEERH.
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map FJKZSE IR B4

key

10010111 000011110110110010001111001010100010010110010101010 00110
tophash
buckets
0 1 2 3 4 ) 6 7 30 31
B=5
bucket_size = 215 =32

L, fiE B =5, ALl bucket B8t2 275 = 32, HAIE AR key B0gA, FAMS A2 00110 , KF
XN 6 5 bucket, i/ 8 i 10010111, Xtk 151, 7E 6 5 bucket 154k tophash {& (HOB hash) 2y
151 (¥ key, T 2 SR, XFEEAERSERLERT .

WIHRAE bucket F%FKH], H H overflow AAZ, EE4k4: X overflow bucket # 34k, EEEFREISUEATAE K key Ff7#HL
i T, T I overflow bucket.

BATKRE TIRRLGIE, mam ! EICmIES T LES, TR key WIEZHREGE mapacess  RAVEEL, REUNIEHIZE
B, XBIET—Tadisl, XEPANEZEE  mapacessl B
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map )2 SR #2414

func mapaccessl(t *maptype, h *hmap, key unsafe.Pointer) unsafe.Pointer {
) oo

/SR h AT AERE, IR EIE
if h == nil || h.count == 0 {
return unsafe. Pointer (&zeroVal[0])

/) GRIEMIE
if h. flags&hashWriting != 0 {
throw(”concurrent map read and map write”)

/AR key (E/I hash FEE S EHIGE
alg := t.key.alg

/) IR AE, FFEAMA hash0 FIABEHLEE
hash := alg. hash(key, uintptr (h.hash0))

/7 e B=5, A m BLAZE3L, ZHHEE 1

// 3R bucket num Hf, ¥4 hash &5 m #5,

// A F bucket num i hash HIME 8 (7 AEHIZCE
m := uintptr(1)<<h.B - 1

// b Bt bucket HyHhLE
b := (Ckbmap) (add(h. buckets, (hash&m)*uintptr (t.bucketsize)))

// oldbuckets A nil, WKL T %
if ¢ := h.oldbuckets; ¢ != nil {
/) UIRAAF] size #725 CH/EHY ZHIAZE)
/) XA 1 IR TR
if !'h. sameSizeGrow() {
// #r bucket HmEAEZEN 2 fF
m >>= 1

/) R key #EZEH] map T bucket /&
oldb := (kbmap) (add(c, (hash&m)*uintptr (t.bucketsize)))

/IR oldb JZH WAL FIFTHT bucket
/) IBEZ ] bucket H1-3#
if levacuated(oldb) {

= oldb

/i E HE 8 AL hash
/) WETFLE 56 17, RIERESH
top := uint8(hash >> (sys.PtrSize*8 - 8))

// Bh—4> minTopHash
if top < minTopHash {
top += minTopHash
}
for {
// W5l 8 1~ bucket
for i := uintptr(0); i < bucketCnt; i++ {
// tophash ULFE, 4%
if b. tophash[i] != top {
continue
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'/ tophash VULE, ENrF| key FIfiE
k := add(unsafe. Pointer(b), dataOffset+i*uintptr (t.keysize))
// key ZFEEF
if t.indirectkey {
7/ TEGIH
k = *((xunsafe. Pointer) (k))
}
/W key FHEE
if alg. equal (key, k) {
) ER value HIf7E
v := add(unsafe. Pointer(b), dataOffset+bucketCnt*uintptr (t.keysize)+i*uintptr (t.valuesize))
// value FE5|H
if t.indirectvalue {
v = *((xunsafe. Pointer) (v))
}

return v

}

// bucket 655 (LRICH]) , 447 overflow bucket ik
b = b. overflow(t)
// overflow bucket tH#65C 7T, WA HFR key
/7 IR [E1 A
if b == nil {
return unsafe. Pointer (&zeroVal[0])

}

PR [ hikey] (4%, @R h ATt key, Hmt&iEl—A key MR EAE, AZRE nil,
AR LU AR B, BT AXEM R Ty . PR L R — P BT 1

K, P—FEN key Fl value [#777% USCEBEAMEH 155 .

/) key FEMIAF
k := add(unsafe. Pointer(b), dataOffset+i*uintptr (t.keysize))

'/ value Ef2F
v := add(unsafe. Pointer(b), dataOffset+bucketCnt*uintptr (t.keysize)+ikuintptr (t. valuesize))

b /& bmap KHill, XH bmap R E Xk, Has&—A tophash $4l, Z4iikasy 7o G g bk 4 s
key, value, overflow X5 . dataOffset /& key X T bmap ARAHLIE K fFS

dataOffset = unsafe. Offsetof (struct {
b bmap
v int64
JRIIRY)

At bucket B key pyidfiiht & unsafe.Pointer(b)+dataOffset. %5 i 4> key [fyishib g B /e LAY B | 4 key 1
KN MHEAISmE, value bbb ZTEATT key 2 )5, FIELE i A value Mhbbid &2 AT key Hme. HE T
te, i key A1 value 19 67 2 RORARGF MR T .

HUEA KGN G, wob2R A TEREH, i

b = b. overflow(t)
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WP I bucket, IXAHY T —4 bucket #%R.

B A HART bucket I, BZEIFHUEIE XA bucket BATAR) cell, sEHATA MR, tHal/E bucketCnt=8
AMERL. BEAEIRL T

INETEER B bucket
2 0=cell 0Scell 0Scell
15
= 15cell 15cell 15cell
EZ 25 cell 25cell 25cell
35cell 35cell 35cell
] - -
5 45cell 4Scell 4Scell
fg 52 cell 5% cell 52 cell
cell 65cell 65cell 65cell
75cell 7Scell 7Scell
bucket overflow overflow
bucket bucket

Fi—T minTopHash, *—/ cell [fJ tophash &/ T minTopHash I, FrE&XA cell FEERIRE . FIXASRAE /LK
£ tophash LR, K7 HIEHFGAEXIF, &4 key WHHORIAMG AL M E: minTopHash. XFEHLEEX /) 1EH
) top hash EFFARE MG A E

R UMR AR AE T bucket HIHAL:

/) A/ cell, tAZEFIIGHT bucket HIIRES

empty =0

/) B0 cell, Foan cell BZWITEEZIF bucket
evacuatedEmpty = 1

// key, value CAWGTEEE, (HE key #SEH bucket Fi-FEis),
/I 2 S R

evacuatedX =2
/AL, key fE)GFEES
evacuatedY =3
// tophash HJR/IE &% 16
minTopHash =4

YT LA A bucket 275 CAHOT e, R K%L

func evacuated (b *bmap) bool {
h := b. tophash[0]
return h > empty & & h < minTopHash

ALY tophash #ZH M —AME, FIBIEREE 0-4 [0 XL &, 4 top hash /2
evacuatedBmpty . evacuatedX . evacuatedY EK=AMEZ —, UL bucket 1) key AFBHARIE R T B
bucket.
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A A3 3 320 ) I oy

AY AY AY /\
AT DAL 34 7 320 ) o i
map FEARE AL 2 IR S . FIRHES — map &R E AT N, R s, 2 EH: panic.
VLR R AL 2 AN RIS A map BTS00 G0 SRAE [ — AN EE PN IR DA, R SR B s, B
W PR AT DUX PR . (2, 3 45 Bt vl Be AN AR 1, 7 nlRE S S I 4 AR P T INERIG key, W AlREAE
B, XTI key IORTIR]: fEAERJIE] key FTFER bucket i ZIRT s o

— M E, X AT DL S R AR R sync. RiMutex

B2 HEEA RLock () iR SR S =Rl RUnlock () MBS SR Lock( W, 5Ez)a, W
H Unlock () i

HI, sync.Map  AELLFEL AN map, WA LMEH .
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map BRI A BRI

map I BRI R B
SEERERNPITRER  mapdelete
func mapdelete(t *maptype, h *hmap, key unsafe.Pointer)

Wt key FERUMIAE,  MIERERAE 2O 1 T B A 1 R £

key 287 JHIER

uint32 mapdelete_fast32(t *maptype, h *hmap, key uint32)
uint64 mapdelete fast64(t *maptype, h *hmap, key uint64)
string mapdelete faststr(t *maptype, h *hmap, ky string)

MR, FATHIKA mapdelete MM, BELLKE h.flags bak, WREMSINZE 1, HE: panic, KAXEHEAH
MR RIS TEREAT 5 1

THE key a4y, $BITEAN bucket. £i&lt map WRIEEY AWM, FEAR — UL ERAE.
TBRERAE R P ZEH, DIt 4R 3] key MARALE . FHISEALRLUN, 7E bucket 4> cell F4k.

IR E ST, X key 2 value AT " 181

/X key JEFE
if t.indirectkey {

* (*unsafe. Pointer) (k) = nil
} else {

typedmemclr (t. key, k)

}

/) Xf value JEZE
if t.indirectvalue {

* (*unsafe. Pointer) (v) = nil
} else {

typedmemclr (t. elem, v)

}

fJa, ¥ count {Hik 1, KxIRIfzE Y tophash HER ~ Empty

TR [ R A o, O E E RN
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AL map 7o R LG

AIPAXT map 705 Bt kg

TR map 1 key B¢ value BEATHUHE . BARN RIS AN REIE I 4 % -

package main
import ”fmt”

func main() {
m := make (map[string]int)

fmt. Println (&m[”qcrao”])

YRR 4«
./main. go:8:14: cannot take the address of m[”qcrao”]

nftim s HAb hack 17720, #l40 unsafe.Pointer “53KH 2] T key 1 value bk, HARRKIAREA, FR—HEAY 4,
key FI value ({7 B2, Z B RAF bR 2T o
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AT LA A map H4E

T EE IS map AHEE

map RS
1. #B4 nil

2. e KEMZ, fREFE—A map AN R
3. FHRI key ¥R value “YRFEE” HHEE

B mapl == map2 £, X5 R map &N nil.

package main
import ”fmt”
func main() {
var m map[string]int

var n map[stringlint

fmt. Println(m == nil)
fmt. Println(n == nil)

//fmt. Printin(m == n)
1
fil 45
true
true
Rt H BB Jimap AN TG 5, BT 32 B IR A 45
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T SEELIAT get #RAE

W e SEIL A AP get A

Go iEF i map A MMiEE: T comma F1 AN comma. HEE R key A map H, W comma FIHIES R R
A bool BAFEHLR key 754 map s MiANH comma AN 4R [l —A4> key KA FAE . I key A& int B4R
[0, it key s string 287, mhoxiR[nl 2 FHFE

package main
import “fmt”

func main() {
ageMap := make (map[string]int)
ageMap[”qcrao”] = 18

// AN comma JHE
agel := ageMap[”stefno”]
fmt. Println(agel)

// i comma FHVE
age2, ok := ageMap[”stefno”]
fmt. Println (age2, ok)

—

0 false

PART— B AT, B ? IR IS AT SR 0 AR AT K PR XS B2 2B 2 P A A ) O R

" src/runtime/hashmap. go
func mapaccessl(t *maptype, h *hmap, key unsafe.Pointer) unsafe.Pointer
func mapaccess2(t *maptype, h *hmap, key unsafe.Pointer) (unsafe.Pointer, bool)

WD, R AN, B FER 1, 2, sEAeAES (RIBR4A) BMB—Eda . A mEpAS e = id
ALLEHZERT, mapaccess2  HFUREMEZ T bool B &, W MMM METEE —F1, HEfEiREMEEZ M
7 —/ false Wi# true.

Hi4h, W key RIAFZEA, HbFSE oA AL MR BUT E BARR R BB 4, LAIRAL R

key

; fi%s9

Byt

uint32 mapaccessl _fast32(t *maptype, h *hmap, key uint32)
unsafe.Pointer

uint32 mapaccess2_fast32(t *maptype, h *hmap, key uint32)
(unsafe.Pointer, bool)

x * .
uint64 mapaccessl_fast64(t *maptype, h *hmap, key uint64)

unsafe.Pointer
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T SEELIAT get #RAE

oy Tk

uint64 mapaccess2_fast64(t *maptype, h *hmap, key uint64)
(unsafe.Pointer, bool)

string mapaccessl faststr(t *maptype, h *hmap, ky string) unsafe.Pointer

string mapaccess2_faststr(t *maptype, h *hmap, ky string) (unsafe.Pointer,

bool)

LRI S HIM ERGE RN uint32. unt64. string, (EREA M THETRIGE T key IIZEAYL, Pt LANAEA R R ARYE 22
(), HULRETI AR Z e, femskeR.

T X 2 R B A A A src/runtime/hashmap fast. go H,
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map s % A

map &2 2 4 g
map AL % 1.

AR BE. W@ MRS RN ShrE, — RIS EEL (BT, WEHE panic. BUEFIMIR e He il
TEMEREM LG, GRS BN, A2l T 2 5.

M S bR

if h. flags&hashWriting == 0 {
throw(“concurrent map writes”)

}
WE GRS

h. flags |= hashWriting

AR I RSO (www.topgoer.cn) f - 67 -



map [k P R B R

map 13 Jr i RS B

Ak map 1P R EL R R DI FTA R bucket LU e JETHAER overflow bucket, #RJ54:/MiE 7 bucket HETA
cell. & bucket H1f37 8 /> cell, WA key i cell HELH key AT value, XM 5EM T .

B2, BISOFHR AR, RICA AT A A e ? o  BAE — R, e R 2 ARIE 2 4 bucket,

FTUABAR AR YR A, B AR L, map FPREHELE T — . L bucket CAMITIIFIZ, MmALL

bucket B FF7EEH T .

e, D R AEAE Y AR, Wl B JiE S bucket LR, X REXE TP

oeE — AR IARR R, AN R i Py A AR R AT A R

package main
import “fmt”
func main() {

ageMp := make (map[stringlint)
ageMp[”qcrao”] = 18

for name, age := range ageMp {
fmt. Println(name, age)
}
1
AT 4

go tool compile —S main. go

BNt 4. KRBT T, LR ZHRURCE, WAHREN.

KRR ATIE AR R -

/]

0x0124 00292 (testl16.go:9) CALL runtime. mapiterinit (SB)
/]

0x01fb 00507 (testl6.go:9) CALL runtime. mapiternext (SB)
0x0200 00512 (testl6.go:9) MOVQ 77, autotmp 4+160(SP), AX
0x0208 00520 (test16.go:9) TESTQ  AX, AX

0x020b 00523 (test16.go:9) JNE 302

/]

ZEFE, KT map &8, IKEMREBIIAXZ—H TR i mapiterinit
mapiternext PREGIET map %48,
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mapiterinit

I_. mapiterneaxt

M
Yag
IR AT E X

type hiter struct {
// key 15%f
key unsafe. Pointer
// value 15%f
value unsafe. Pointer
// map K, @EY key size A/DEE
t *maptype
// map header
h *hmap
// HIEEERT T8 IA1H bucket
buckets unsafe. Pointer
/7 24 i i 2 bmap
bptr *bmap
overflow [2]*[]*bmap
// REAEH I bucet i
startBucket uintptr
/) WIFLEE cell Hig5 (FE1 bucket H14 8 1> cell)

offset uint8

/) BT
wrapped bool

// B HIK

B uint8

/) SR cell 75
i uint8

// 1815 25T bucket
bucket uintptr

/) BIATE, G B AR bucket
checkBucket uintptr
mapiterinit A& hiter S BINF Bdt AT MIah A B

AT DR EE, B — NS0 map BEAT#EFT, SRR MR TEF I . R IR DO B S 52 Al AT 5B
T

/) AERBENLE T
r := uintptr(fastrand())
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if h.B > 31-bucketCntBits {
r += uintptr (fastrand()) << 31

/) MBS bucket FF4G#E )

it. startBucket = r & (uintptr(1)<<h.B - 1)
// M bucket HIMEAS cell FFéG#ilH

it. offset = uint8(r »> h.B & (bucketCnt — 1))

Biltn, B=2, A  uintptr(D<<hB - 1 ZE850E 3, K8 728 0000 0011, ¥ r 5Z M5, #ial AEE—A4
073 [ bucket F*%5; bucketCnt-1%F 7, K 8 ik 0000 0111 , ¥ r A 2 )G, 57 M5, strbiEs)
—A 0°7 S cell,

T, /£ mapiternext  MRECPEES it.startBucket 11 it.offset 511 cell FFifimw i, WL+ key Al value, H
B [F B A bucket, 58RI

URT IRy U B, OO B T AT ER R LB G, B ARt A0 1. PTEL, 3ROk, Tt R
P77 PR EEA I IR, A ERENE M 2 .

BREIRATE FEFRG— map, &4 B = 1, A% bucket, JakfE 7% (XEAERAYT &M, RE—M%
E) , BAR 2. 3FH, 15 bucket A EMEES] T H 1 bucket, 15 K 15 M 35 0

5 bucket #FARMEL. ZM bucket HAEFE  *oldbuckets  fREF LIE, Brff) bucket MIFETE  #buckets  FHEF L
8
F F
e ;O P
| /
\ \ /
‘ count
fags .
key: a key: f
lowbits: 10 B=2 } empty empty /‘ lowbits: 11
|wl:¥s:boo \ noverflow / empty empty empty
key: ¢ \ * by 7/// ]
lowbits: 00 \ uckets empty emey empy
empty \\'*' * oldbuckets empty empty empty
empty nevacuate empty empty | empty
empty " extra empty | empty J empty
key: d . | key: e key: g
lowbits: 10 oy h lowbits: 11 /‘ lowbits: 11
empty amply empty / empty

* overflow —-@ * overflow * overflow / * overflow —“

X, AT L map #EATE . S HIGILE, startBucket = 3, offset = 2. T2, WHHGESIGZ 3 5 bucket
2 5 cell, FTHIX Hk FalA FE df o g i FRiR 2«

. startBucket
BT RBE pomap e T R B B
1 ‘ b [ T
O |
| count
fags o oma
key: a key: f
lowbits: 10 B=2 empty empty / | lowbits: 11
key: b /
|qw§§s: 00 \\ noverflow / empty empty empty
e\ | Y, |
Iuvtlfi);foo \\ *buckets — empty - empty
empty “— *oldbuckets empty empty empty
empty nevacuate empty empty empty
empty * extra empty empty empty
key: d key: h | key: e | | key: g
lowbits: 10 lowbits: 01 lowbits: 11 /‘ lowbits: 11
empty empty empty / empty

/
* overflow —-@ * overflow *overflow — * overflow
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WAL RIS, bucket # T H: 3->0->1-> 2,

KA 3 5 bucket X&) 1 5 bucket, HbeteEE 15 bucket 2% CEMMEE . FIB 7%k E:

func evacuated(b *bmap) bool {
h := b. tophash[0]
return h > empty & & h < minTopHash

22k b.tophash[0] FMEEARGETERIN, HI1E (0,4) XEE, Y CLpford 1.

empty = 0
evacuatedEmpty = 1
evacuatedX = 2
evacuatedY = 3
minTopHash = 4

AR, ¥ 15 bucket C&WRITIE 1. FrbVER) tophash[0] 57E (0,4) JEHM, Btk R #HE 3 5 bucket.

Ry 3 5 bucket 1 cell, XIHESRFE—NEEM key: 7T&K e. FIIXH, mapiternext sECR A, X FRA1 8
RN AT

key: e
lowbits: 11

TR EE key A7, A48 mapiternext sk,
gkl ] F i I B 5 A JE T, MAOBE 3 5 overflow bucket 83| ToE f Al JLE g.

RLVAESE S ST PN

key: e key: f key: g
lowbits: 11 | lowbits: 11 | lowbits: 11

3 5 bucket #H5E2 5, FF|TH 05 bucket. 0 %5 bucket Xt 0 5 bucket, £4:#, ¥ 0 5 bucket ARk
iE, P #E 0 5 bucket (i it ik i 0 5 bucket. ALEAZEIE 0 5 bucket HIATA key #RHH HHe ?

IHEAX AT, FMZ—TF, % 05 bucket EMHTFIA TR 2 4> bucket: ¥ 0 5. B 2 5. AT ELE® P H 2
B0 %5 bucket (FERE, MWPIHGEMEN  *bucket BEF, thELEPTBMH buckets) o FTLL, WATRESEUHIE 0 5
bucket HHBLEERAE Y f5, 4 ECEIHT 0 5 bucket 1 lLE key.

Rk, lowbits == 00 FPRGEE NI 745 4L

key: e key: f key: g
lowbits: 11 | lowbits: 11 | lowbits: 11

MZ BRI AL —kE, 2k8:m 58 1 5 bucket, KIZ 1 5 bucket E&#uE, RS 1 5 bucket FFHIA TR WA LA
T GERET L
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key: e key: f key: g key: h
lowbits: 11 | lowbits: 11 | lowbits: 11 lowbits: 01

kel ¥ 2 5 bucket, BREZ 0 5 bucket, HITHEELEZ 0 5 bucket FlFLe 2RI 2 5 bucket H111) key,
e lowbit == 10 [HIJRL key.

EENE S CIERE S i

key: e
lowbits: 11

key: f
lowbits: 11

key: a
lowbits: 10

key: d
lowbits: 10

key: g key: h
lowbits: 11 lowbits: 01

IRJe, AR iEH 3 5 bucket B, RILTA K bucket AL L@ liete, RS FIAT .

WY, WRME key & math.NaNO  XFpE, AT 02 B B 24 HARE A bucket. H
A RAEE top hash [ fkhz. Wi top hash A2 O, HFEE X part; Wilf2 1, WAHEE Y part. itk
B key, JREE 45 RER,

map 5 A% O TR 2 59 1, % bucket £33 2 4S8 bucket A, i I EE(E, SEIEHT bucket {1550
FHET, HEFZ bucket RIWETRITEHLN, ZEE bucket Hik F% ok BT #H bucket K1) key.
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map P key AttARTCHF

map 1 key N4 T

map Y &G, SRAE key BIHET, FRIEAERR A bucket ) key, #iT)E, Bk key MiEimEm KT (bucket %5
ET 27B) o WA, B i P bucket, [FIRNHZIT T bucket T key. #WHESE, key A E KA T E
KB, L key & Fmke, FL key WEHAS), XFE, W map HI4E S AT % ER BT T .

28R, R hard code 1) map, FBALA map FEATEAMERGEAE, 1A IR map #2iR [E—A
[ 57 1 key/value FPHIIE . [RZIXFE, {H/2 Go FLZ4s TixFhiiik, BUAIXFESYBFRT ki, U —Es
KNS, EFEERT, AAESER .
oK, Go S HEL, HI|AIMCHEH map I, HAZEEHM 0 5 bucket JFiREH, &FXKHEMN—NEENUEFFS ) bucket
FrURiE 7, I HAZ XA bucket (—ANBENUFE S K cell R . X8R, BIEIRZE—ANE3EH map, UL H RIS, HA
KT RS IR [Hl—ANE 2 P HIT key/value Xt T .

LUt 4], “IE map MERR TR MR go 1.0 TG
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float Rl LLYE N map ) key 14

float XA AT ELEDN map ) key 15

WiEE LA, 2L . Go i E h R ZE nl L 2B E ] LI/E A key. BRIT slice, map, functions iX LA, HAhZk
RIERE OK (. HARGLIE: A/kME. $ow. R fheh. M. S8, Sk, R8s LSR5, XAt
FRIERCE = M 1= RS kl == k2 B, #A[YCN K1 Al k2 ZF—A key. Wi Egik, R
hash J& (B FISE DL P IHEARSS, AR key. B2 FHEEAZN, hashiREEA—E M, s .

NGB i — ), ARTRAERT LA value, BL4E map 8.

KENBT

func main() {
m := make (map[float64]int)
m[1.4] =1
m(2.4] = 2
m[math. NaN () ]
m[math.NaN( ] = 3

for k, v := range m {
fmt. Printf (" [%v, %d] 7, k, v)
}
fmt. Printf ("\nk: %v, v: %d\n”, math.NaN(), m[math.NaN()])
fmt. Printf ("k: %v, v: %d\n”, 2.400000000001, m[2.400000000001])
fmt. Printf ("k: %v, v: %d\n”, 2.4000000000000000000000001, m[2.4000000000000000000000001])

fmt. Println(math. NaN() == math. NaN())

TP R -

[2.4, 2] [NaN, 3] [NaN, 3] [1.4, 1]
k: NaN, v: 0

k: 2.400000000001, v: O

k: 2.4, v: 2

false

BF e LT — key ZKALE float B map, JFHEFFHEANT 4 4 key: 1.4, 2.4, NAN, NAN.

TENRIRHERATEN S T 4 A key, WSRUR%13E NAN '= NAN, WEATEE T . BTG R AL, HR, £ map &
KA APANAFT key T o

%%, AW T key, &I NAN AA77E, 2.400000000001 #AfEFE, 1fii 2.4000000000000000000000001
e

AR, ARG?
e, BT AL 1 gk
21 float64 1y key IR, JEZLR LK unit6d M, A key .

RIS liBus Float64frombits BRI 25 s

// Float64frombits returns the floating point number corresponding
'/ the IEEE 754 binary representation b.
func Float64frombits(b uint64) float64 { return *(*float64) (unsafe.Pointer (&b)) }
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W RN B |IEEE 754 FUE A . Qs i)

0x00bd 00189 (testl18.go:9) LEAQ 77 statictmp 0(SB), DX
0x00c4 00196 (testl18.go:9) MOVQ DX, 16(SP)

0x00c9 00201 (test18.go:9) PCDATA $0, $2

0x00c9 00201 (testl18.go:9) CALL runtime. mapassign (SB)

”” . statictmp 0(SB) AR e R IXFE :

7”7, statictmp 0 SRODATA size=8

0x0000 33 33 33 33 33 33 03 40
””. statictmp 1 SRODATA size=8

0x0000 ff 3b 33 33 33 33 03 40
77, statictmp 2 SRODATA size=8

0x0000 33 33 33 33 33 33 03 40

TRA TR A H R AR TG

package main

import (
7 fmt”
—
)

func main() {
m := make (map[float64]int)
m[2.4] = 2

fmt. Println(math. Float64bits (2. 4))

fmt. Println(math. Float64bits (2. 400000000001) )
fmt. Println(math. Float64bits (2. 4000000000000000000000001) )

4612586738352862003
4612586738352864255
4612586738352862003

B 7Nt

0x4003333333333333
0x4003333333333BFF
0x4003333333333333

RO T () 77 statictmp 0 WE—F, fRIEW 7L, 2.4 M 2. 4000000000000000000000001  £5
math. Float64bits ) BRECFEHR RIS —FEM. ESR, —H7E map &K, w2l —1 key 7.

Fi3k%E—F NAN (not a number) :

// NaN returns an IEEE 754 ~ not-a—number’’ value.
func NaN() float64 { return Float64frombits (uvnan) }

uvan g SN :
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uvnan = 0x7FF8000000000001

NAN() B8 Float64frombits , EANSMEM const HUAFE  0x7FF8000000000001  , 75%] NAN HU{E
NAN & —ANE BEITERE, AN map i, SRR ET key?

X BRI A B BRGE R, N, XTT 64 SLAVEE MG BRI A BN T

func f64hash(p unsafe.Pointer, h uintptr) uintptr {
f := *(*float64) (p)
switch {
case f == 0:
return cl * (c0 "~ h) // +0, -0
case f = f:
return cl * (cO ~ h ~ uintptr(fastrand())) // any kind of Nal\
default:
return memhash(p, h, 8)

}

A case, fol=f  ghgra NAN O, X ESEINANEEHLEL

IXHE, P I REEHRIT T .

BT NAN [R5

NAN != NAN
hash (NAN) != hash (NAN)

HBtIA map AR key  NAN I, fHahi#mAR]; i mdd@n - 4 o NAN, 8205 4 4 NAN,

AR float ATLMEN key, (M TR, @B SRR, HHz.

o WESR,

KT key oI KBRS, FIWPA key RS, % hash FRMEMSEIEH key FIFHEAMSE. 11 @WuMingyu #78

(5

func TestT(t *testing.T) {
type S struct {

1D int
}
sl := S{ID: 1}
s2 := S{ID: 1}

var h = map[*S]int {}
hl&sl] =1

t. Log (h[&s1])

t. Log (h[&s2])
t.Log(sl == s2)

test output:

=== RUN  TestT

—— PASS: TestT (0.00s)
endpoint test.go:74: 1
endpoint test.go:75: 0
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float LTI LIEN map 1 key 15

endpoint_test. go:76: true
PASS

Process finished with exit code 0
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map FIAE SRR BT

s A \‘ l:[ El >
map KJIE TS 2 ERE R
T F AT LA R, W map TIIASGE BN key, AR mapassign B
bR EARA BB key IIEIERE—REK), AN RTERIER key £ map AR, A& #ER key f77£ map .

mapassign #— A RYIMEE, RIE key BHPIRFE, G ifas ook H AR A A R “ Pus R 2

key KA A

uint32 mapassign_fast32(t *maptype, h *hmap, key uint32) unsafe.Pointer
uint64 mapassign_fast64(t *maptype, h *hmap, key uint64) unsafe.Pointer
string mapassign_faststr(t *maptype, h *hmap, ky string) unsafe.Pointer

PATVA T T — A 5. mapassign

TEORE, WAEAERAFE S, X key 115 hash {f, R4 hash (i 2 /TR, RBERENAE CTRELENFT key,
WA HE key) , XPAHRIAL EHEATIRA

VRS AR 2 RIS, OB —DXUZIEHR, 42 bucket ATE ) overflow bucket, P2/ #4> bucket 1%
A celle BRTRE, XEaMREERREAERT, FXEBHUEE, RIFERE T XRCENEE, REEHE.

FRIX B SR AL AR R LT 2

FREE KT map bsEAL flags. W flags S FREMILE 9IS 1 7, BEUA AR AT S " lE, i S 80T
panic. XU T map HHRFEEANZ 4.

T AT SCRAVFNEY A& E R, Wk map &Y A EF, Ay key A E T HA bucket 5, FHFEMMRIXA
bucket %t ff)Z bucket 58 T FE. B bucket L) key #ZTAFHT) bucket Hk (H%EF] 2 N
bucket) , ARE/EHH bucket Fri AT A B T W IR E .

T R R AR R R T A T, R MY T IO ERAE S, RATA B ECOHAEFT bucket HUENL key e E 1)
Mok, BT 2R R

WAER] T EAL key BIZERAE T, FrgddEE A BREE, MEEHANEE, —A  dnserti ) B key Y
hash {i7f tophash 41Tk IfLE, 55— insertk )iEH cell (A E (B2 key ZAJEMMNL) , 245K, XM
value (O B R S e Aok T o 3% =38 SEBR L& SRIKY, 7E tophash U MRS B ke T key /%4 bucket
IALE (3t 8 A key) , T value fIfii 8 T E“E1L" 8 4 key [MIHKSE.

TEPERR I RE, inserti Al insertk 43 5ll45 10 55 — MR BN AN cell. W2 JS/E map BATIRE] key MFELE, WL dl)R
ok map FEHIL key, XEWEHNG key. W key (% B HEEHUR S — ORI “ 241" (tophash /& empty) .

WA bucket ) 8 4~ key #ULHCE W 1, MIEBHIGIHE, KI inserti Al insertk #2& %, XI5 T Z7E bucket J5
e F overflow bucket. 4%, {5 rfg/E/E overflow bucket Jg i F 4 E—1> overflow bucket. X#tiill, K% key
hash ZI 7 1t bucket.

TEIEXZE key 2, EERA map FRE, BEREFREMTY . WREZY H0FL, Rk — Ry e,
RZJG, BN EN key FIIRE, EHHENE K. BT EZE, key HIoAi# KL T 21,

i, £HH map HRME, WRZEAR key, map e EHETE count 2N 1 ERBz vk Em

hashWriting  SirEHSEE.
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S8k, A AEERGE T AT UKRE] key BIOCE, BEATBUERE, SCBR EIFAHER

MBS, sREORRAEN value {8, BT DUBEIRAE R AT 2 I AT W 2
func mapassign(t *maptype, h *hmap, key unsafe.Pointer) unsafe.Pointer

FRILAFINCGHE 5 T FHR. REERRES R, AXNETUR T LD T, napassign
key XMt value EALE, A 1 bl MRIFERAFGE 1.
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map 4 A e B

map M B BN

5 FH G A 2RI H At DGR AR B H AR key, 4RI, BEFT IR map SN key BOKIERZ , key K ARl (KA 2 ok bR
K. bucket ') 8 4~ cell LBMWiZENE, k. AL Mk key IIRE M BORGEAR. RIPAAIMRE—D bucket HH—
A key, IXHE, iREXE]  0(1)  HORRE, (ERCRERENEREACKR, A R T A A

Go i 5 KM 1 bucket B34 8 4 key, EMFIHEA bucket J7, 67 B E A FEARN key, X SZhr_F X T
i8]

AR, XFEML, B —AE, ARITE key #YEE T A— bucket B, HEHEIL THEE, SAEMEAIRCREREFN
o(n), ZEMITHI.

Rk, TEA AR ERTHIEAMEN, Xid BERET . Go IS EIXFEE X RHH T
loadFactor := count / (2°B)

count #it& map Mt E ML, 27B %R bucket .
Bk UA map FARRHL: 7E1 map fiAH key IR, SEHTAERN, FFEFEIX 2 A&, saitkd 7

1. BRI e, RS B U B{E A2 6.5,
2. overflow (1] bucket ¥zl % . 24 B /M 15, /g bucket &% 2~°B /MF 2715 i, #f overflow 1] bucket %t
il 27°B; %4 B >= 15, i bucket 54 2°B KT T 2715, Wif overflow ) bucket %t it 2~15.

XLV A AR B E SR RS BB mapassign . XM ASRAT RURAD 0 -

// src/runtime/hashmap. go/mapassign

/R BT L
if !'h. growing() & (overLoadFactor (int64 (h. count), h.B) || tooManyOverflowBuckets (h. noverflow, h.B)) {
hashGrow (t, h)
}

/) FEE A THEL 6.5
func overLoadFactor (count int64, B uint8) bool {

return count >= bucketCnt && float32(count) >= loadFactor*float32 ((uint64 (1)<<B))
}

// overflow buckets XZ%
func tooManyOverflowBuckets (noverflow uintl16, B uint8) bool {
if B < 16 {
return noverflow >= uint16(1)<<B
}

return noverflow >= 1<<15

8 1 g WAVHGE, A bucket 1 8 Aafy, LRANH, HUTA IS, 7RO, By Rk iEs Rt 8. A
S N Tl 6.5 i, RURZE bucket #PRZR 1, EHACEMHAREIMLCT o LR BETT AL 0%
.

2 A XA 1 AU MR IR IS, X EHE map E’J%?ﬂﬂ}ﬁ‘a)\iﬁ?iﬂ?ﬁﬁ s 1S
FAXFIE I . RIS BT A E N 7107 FEL i/, B map ot R E80b, HE bucket % (ELHEM bucket %1
B%, A5 KEM overflow bucket) .
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ARG IS X A B LR R IR . AR MIERcE . JemARZ 0, SEEIE TRZ bucket, (HAMHNFAARRE 1
FIIGTHE, RAMRT HREMIXFIEN . 25, MR REEORSEE, FlAMREZILER, SFHEOERZM overflow
bucket, HtZEASMILE 1 AMHE, KRiEEREALT? overflow bucket #iE k%, T3 key SR HL, AIRIEAICEK
AR, KL A5 2 S, Xage —REaW, BTrRE, HREFRD, #oHT, REICRIBEE.

Tt 1o 2 MIIRS], EEREY R (BB RS IE AR, BT R A R R AN

XTI L, JLEKZ, 1M bucket HE KD, WEH: ¥ B i1, bucket & AFE (27°B) BEEAMEK bucket
2 %, T4, SifH¥ bucket 7. VEE, XFFEICREALELZ bucket B, BBGEHEIHI bucket K. i, ¥ bucket R
R RN EOk R REE (27°B) 92 1% (27B*2) .

XTAAE 2, HSnEE 42, {HiE overflow bucket #4512, BHIRZ bucket #E 2. M P IMEBZ T RE— AT
bucket #[i], ##% bucket FIICEBEINEH bucket, {EfFFE—4 bucket F1 key HEFIHLTE K5, Xk, JEk, 1F
overflow bucket H1) key AT 5IE] bucket sk, EHLRTTH N, #E bucket FIFZ, map FIETRAHEAZCR H 4
it

T4 2 R T R, ORI BRI H T — AR A L WRIEA map 1) key WAAE—RE, BiosiEEIE A
bucket B, it 8 424 overflow bucket, 4Rtk overflow bucket #id% . #zh e RS ERA T M, K
XA A R CLRBI R T — MR, BIEEER T 0(n)

FRE M EAMREAMI. BT map ¥ERERIEE K key/value HUHHGT BRI AAAbIE, W08 A KER)
key/value ifi B0, 2ARFRNATERE. Kt Go map M9 AR —FFOy diit s itr 5, JRAEH key FRA & — PR
Lreke, S E A oL 2 4> bucket.

FIHP hashGrow()  BRESERR BIFR HIEM WAL, © RS ECLE TR buckets, I £ buckets H:E T
oldbuckets 7B k. EIE#IT buckets Izh1EE  growWork () R, WA growWork () R R B E A
mapassign fll mapdelete . WaiddmABUES . MHIFR key BIRTE, #oZXHATIRIT buckets B TAE. Jtlvd
oldbuckets & m#iTsete, HAAKBig &R oldbuckets &M nil.

FAEE  hashGrow()  BEUITHAN TAE, FRAERMAKHIE buckets 2 WTREAT 1.

func hashGrow(t *maptype, h *hmap) f{
// B+l HHETFEIER 2 550
bigger := uint8(1)

/) XERIEAE 2
if !overLoadFactor (int64 (h. count), h.B) {
/) HATER IR, ATl B
bigger = 0
h. flags |= sameSizeGrow
}
/) ¥Z buckets #HZF| buckets _E
oldbuckets := h. buckets
/) HUEHH] buckets F¥[H]
newbuckets, nextOverflow := makeBucketArray(t, h.B+bigger)

flags := h.flags & (iterator | oldIterator)

if h. flags&iterator != 0 {
flags |= oldIterator

1

/) B3 grow HIZHE

h.B += bigger

h. flags = flags

h. oldbuckets = oldbuckets

h. buckets = newbuckets

/) LS 0

h. nevacuate = 0

'/ overflow buckets #{% 0

h. noverflow = 0
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TEUEHE R TR buckets (A], ATAISKHIbREAL AT VAT HllbRd nevacuate $iE N 0, Fon HHTHRiTHEL N
0.

(B A3 — VXS h. flags AL FE

flags := h.flags & (iterator | oldIterator)
if h. flags&iterator != 0 {
flags |= oldIterator

}

XA R T IBEA: &7 XM % E 0 B85 Fil:

x = 01010011
y = 01010100
z =x & y = 00000011

Wy bit i 1, AR z ¥R bit gty 0, W z XFRE bit AzgtAl x xR bit SZHIEARIR .

ATl BRSBTS flags — AR ARSI & B2 Skt h.flags W iterator Al oldIterator XfMifiiii 0, #AJ5 a5 &I
iterator fiz )y 1, MBmiitE#4%3) olditerator fi7, 113 olditerator FrEA A4S/ 1. A& buckets FIfEHES] T
oldBuckets % F 7T, b AR EA LB 0,

JUAMRELLI R

/) A BEBIEACAHEN buckets
iterator =1

/) Al FEHEACHHEH oldbuckets
oldIterator = 2

/) HORRIETEN] map FEA key
hashWriting =4

/) ERBTE N 2)
sameSizeGrow = 8

KRB G HIEPATHOE TIEM growWork() A%,

func growWork (t *maptype, h *hmap, bucket uintptr) {
/) AT Z T bucket XTI IEZEAEHHT bucket
evacuate (t, h, bucket&h. oldbucketmask())

/) BT —1 bucket, LANIPRITHFE
if h. growing() {

evacuate (t, h, h.nevacuate)

}

h.growing() Bkl & 5.

func (h *hmap) growing() bool f{
return h. oldbuckets != nil

}

R oldbuckets ARas, UHIEEA WL eHE, 134kl .
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bucket&h. oldbucketmask () KATARRS, WA ERE B ULR, 2N T HIARIT R bucket 2 FRATIELE(EH K
bucket. oldbucketmask () PRBGR [EIY /T H) map # bucketmask.

FriB M bucketmask, {FHE R key iH5 RS AE S bucketmask 5, RIS EEE key MiZEARIM. thin B
=5, Ji4 bucketmask M€ 5 e 11111, HRpfE 0, hash HE5HMHEMEERE, 145 hash ERME 5 A7
Wi key FKIENTBA bucket.

R, WAVEA A RS MG K8 K2 evacuate. JRIIINLE R, AZEGK, oM EREBIRER, MIdERALN
RAEAEM. <5, R BoT R .

VERG R

func evacuate(t *maptype, h *hmap, oldbucket uintptr) {
/) ENEH] bucket Hihf
b := (kbmap) (add(h. oldbuckets, oldbucket*uintptr (t.bucketsize)))
) GERAE 2°B, U B = 5, LEEK32
newbit := h.noldbuckets ()
// key HIHe 7 ER%
alg := t.key.alg
/) WER b BT
if !evacuated(b) {
var (
// Fanbucket FzH H brhhk
X, y  *bmap
// 15 x, vy I key/val
xi, yi int
/7 15 x, y HH key
xk, vk unsafe.Pointer
/) 160 x, y FH) value
xv, yv unsafe.Pointer

/) BRINREE size 77, BiJG bucket /FE5ANEE

/) MER x KT T

x = (xbmap) (add(h. buckets, oldbucket*uintptr (t. bucketsize)))
xi =0

xk = add(unsafe. Pointer(x), dataOffset)

xv = add(xk, bucketCnt*uintptr (t.keysize))

/) UEAFEEE size #77, HiJg bucket /FE5HZ

/)y RHETHGT

if !'h. sameSizeGrow() {

/) v ACEH bucket /75T 2°B

y = (*bmap) (add (h. buckets, (oldbucket+newbit)*uintptr (t. bucketsize)))
yi =0

yk = add(unsafe.Pointer(y), dataOffset)

yv = add(yk, bucketCnt*uintptr (t. keysize))

"/ WITHTA R bucket, €#%E overflow buckets
// b ZZH bucket Hiff
for ; b != nil; b = b.overflow(t) {

k := add(unsafe. Pointer(b), dataOffset)
add (k, bucketCnt*uintptr (t. keysize))

v

// W)l bucket HFIHIA cell
for i := 0; i < bucketCnt; i, k, v = i+l, add(k, uintptr (t.keysize)), add(v, uintptr(t.valuesiz
e)) {
/7 4EI cell HJ top hash 18
top := b. tophash[i]
/) W cell 755, BIRA key
if top == empty {
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/) AR W WOE
b. tophash[i] = evacuatedEmpty
/) BEETA cell
continue
}
/) IERAE X FhES
/) RHEWETENT cell R AJFEAR empty SR
// IE#H) top hash (AF minTopHash)
if top < minTopHash {
throw(“bad map state”)
}

k2 = k
/) WER key Z1HEF, TRETIH
if t. indirectkey {
k2 = *((*unsafe. Pointer) (k2))
}

/) BRANER X, FETE

useX := true

/) UIRA AR FEY 2

if !h. sameSizeGrow() {
// it 5 hash f#, fll key FE—IKGAH —F#
hash := alg. hash(k2, uintptr (h. hash0))

/R FEIEE#E ) map
if h. flags&iterator != 0 {
/L WIER I ARG key {H, $EHIKAT hash {HASE
if !t.reflexivekey && 'alg. equal (k2, k2) {
/) RA1E float ZZ&EN] NaN(O) 154 F
if top&l !'= 0 {
/) % B ME 1
hash |= newbit
} else {
// 4 B MIE 0
hash & = newbit
}
// BE 8 fIfEXy top hash {E
top = uint8(hash >> (sys.PtrSize*8 — 8))
if top < minTopHash {
top += minTopHash
t

}

/R FHIEFAENT oldB+] (72 0 T 1
// FANE AT X 5
useX = hash&newbit == 0

}

/) WIER key #RE] X A
if useX {
/) REEEN cell B9 top hash {8, ZniEEZ X 54
b. tophash[i] = evacuatedX
/)R xi EF 8, AT
if xi == bucketCnt {
/) F#E—1 bucket
newx := h.newoverflow(t, x)
X = newx
/) xi M0 FGiHE
xi =0
/) xk Fon key RN E
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xk = add(unsafe. Pointer(x), dataOffset)
/) xv Fan value ZEEZNFIHINE
xv = add(xk, bucketCnt*uintptr (t. keysize))
t
// & top hash {8
x. tophash[xi] = top
// key 15t
if t.indirectkey {
/) IR key CRIFER) RiZH 7 &
* (xunsafe. Pointer) (xk) = k2 // copy pointer
} else {
/) BIR key GEMH) RH|ZHE
typedmemmove (t. key, xk, k) // copy value
t
// value 2154, #EIEF key
if t.indirectvalue {
* (*xunsafe. Pointer) (xv) = *(*unsafe. Pointer) (v)
} else {
typedmemmove (t. elem, xv, V)

/) JEGLETF—A cell
Xi++
xk = add(xk, uintptr (t. keysize))
xv = add(xv, uintptr(t.valuesize))
} else { // key #2] Y iz, #RIEF X #
) ooo0xd
/) B T8, HRAEA X w2 A]

}
/) WRBRAE DFECEAEHE R buckets, BHIZE buckets JEER#E, #Hgc
if h. flags&oldIterator == 0 {
b = (*bmap) (add(h. oldbuckets, oldbucket*uintptr (t. bucketsize)))
/) HigBtbucket HJ key, value E§7), {REY top hash #57), HanEIRE
if t.bucket. kind&kindNoPointers == 0 {
memclrHasPointers (add (unsafe. Pointer (b), dataOffset), uintptr(t.bucketsize)-dataOffset)
| else {
memc1rNoHeapPointers (add (unsafe. Pointer (b), dataOffset), uintptr(t.bucketsize)-dataOffset)

/R
/) UERIER TN bucket 25T 4 FiHfE
if oldbucket == h.nevacuate {
/B 1
h. nevacuate = oldbucket + 1
// Experiments suggest that 1024 is overkill by at least an order of magnitude.
// Put it in there as a safeguard anyway, to ensure 0(1) behavior.
/) Z )G E 1024 1> bucket
stop := h.nevacuate + 1024
if stop > newbit {
stop = newbit
1
/) FHBRA WAL bucket
for h.nevacuate != stop & bucketEvacuated(t, h, h.nevacuate) {
h. nevacuate++

// BFE h. nevacuate Z FHIH] bucket ZE#HEIMIT 75HE
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/) B buckets G5
if h.nevacuate == newbit {
'/ JEBEE R buckets
h. oldbuckets = nil
/) JERRZ I overflow bucket
// EZ—F: [0] #Kn24ET overflow bucket
// [1] #~ old overflow bucket
if h.extra != nil {
h. extra. overflow[1] = nil
}
VI BRIETEY 2R bR L
h. flags & = sameSizeGrow

evacuate HEAID R AR TEIT, SRS AER R IR O B B IET LR, 0T,

AT H 2K E 1) buckets #OT 2IHTH buckets. TMHELLHT KIS BRATHEE, Fox26F 1, Hiid buckets $ it 2 i
i, MO &AE 2, i buckets Hi A2 B AHAE

WF4AF 1, MEZH buckets T 213 buckets, 1T bucktes ¥EAAE, ULl DUZ 7Sk, LinFskE 0 5
bucktes, FLFiHL TG, ARRAE O 5 buckets.

WFAF 2, BIBER AT R T . BEEFITHE key MIGFy, At & FRE WA bucket. Flin, JFk B =5, it5l key
e )E, RIAEEMK 5 A, wbshE eISEmRA bucket. ¥ &)5, BARKT 6, HWEELE A, BHIMK 6 ke
key ¥ 7EME bucket. iXFN  rehash

B=5 Al

bucket FE: 6
B=6 BEE P
[
10010111 00001111011011001000111100101010001001011001010101 1 00110 |
_______ _J
bucket FE: 38

Bk, A key EMRITHTE bucket 75 ml REMIEURANSE, WATRERALLECRIN L 27°B (53R B ) , T hash {H 28
6 bit £ 0 if52 1,

P — A GRS ES, BT 1, MUAE buckets BAURERM 2 £, 5K 1 SR RR" BIF M.

B, J5ah B =2, 15 bucket 14 2 4> key WA {EAL 3 f73%08: 010, 110. mi¥J5k B =2, FrLMK 2 7
10 REEAIEAE 2 S, BUE B AR 3, il 010 110 Z25IVEN 2. 6 SHi.
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map K3 AR B

B XA JREYE map AR R 2 E

FEAR U PR B i LS SR A

evacuate R R e —A bucket ML T4E, FbZE#E 56 0 bucket MFTA 1 cell, #AEM cell copy EHH
J7. bucket it 2% overflow bucket, ‘SRR ZEWIT. FILSH 2 Z963, 4MNZ4E T bucket Al overflow bucket,
WIZ# 7 bucket TR cell. IXFERIIEIAE map RIS E FILLESE, ZHEE T .

PEED LR X, Y part, g R EATV MW LT R BERI 2 5, MR ERT 2 5, ey X part, 5
RIFRON Y part. —4> bucket H key AIRES /P HIEE] 2 M, — AT X part, —AMET Y part. FrATEHGE A
cell Zai, FHEHEEA cell iy key ZV&E WA Part. MREH, FHIHE cell  key #I hash, JERIAT“ZEH" i, hE
WA Part, XA R R T

BARREIE: R key, FUOWEHE hash, RERSRAA—F. X key #iid  math.NaNO  HIZER, ©
% X2 not a number , AR float64. *'EfEJ)y map 1 key, TEMGERIINGE, BT —ANRE: BooHEE g
AERE SN map I T A R A B A FF !

PRARERLR) T, XEERI— A E R R, EA key RAKZEALH Get HAEFRIK ! LIMEM  nlmath.NaNOT  HAME
foe, RAEAHKEE R XA key RATE®FEA map RHE, A AP il alLiE—4 map A ESEEET
math.NaN(O)  fEH key.

METRER)  math.NaN(O [ key B, Hilid tophash fAGAL R E DL E] X part 62 Y part (WY 285 /=& 5k
buckets ¥(E [ 2 %) . Wik tophash FEAEAE 0, AECE] X part; @2 1, MAEH Y part.

X EIEL tophash {85 ¥ A R A (k4T 515 2 19 :

if top&l !'= 0 {
// top hash Ff&AI A 1
// FEHORA hash {E/ B 78 1
hash |= newbit

} else {

// HE WK hash {HK B ALE 0
hash & = newbit
}

// hash {Hi) B A28 0, NIHEEZR] x part

// 34 B = 5}, newbit = 32, —HEHMK 6 £z 10 0000
useX = hash&newbit == 0

FSXHER) key BRGNS bucket #47, 248, IGZERGT R B 2RI T HIA bucket k. (HIXFEMUE A
GFREE, AEJRTTUE map ISR G2 B RN ARRE, N R XA 2 B AT -

e T EMIE R H AR bucket J&, WOEHERAEW LT T . HIE key/value 1 copy E| H AR 1A B o
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map I E SR B

evacuatedX

W& key 7EJ5lf buckets 1) tophash

¥

& y part. 3 map 1) tophash NIE#H key W7 EMIE 8 fi.

N R I E — N R TR R

evacuatedY

, FORCEWITE] T H map 1 x part

40T, B =2, 34 4 4> buckets, lowbits % hash (IR BIRATAREF AN buckets 5, £k 2 =
bucket. JFHAR overflow K%, filik 1 4EEY % G BT HTTHFIZAE 2) .

[lbmap A 0 \ 1 2 3
. |
|
\
count
fgs o bme o bma
B=2 | key: a [ empty [ key: f
= / lowbits: 110 || P ‘ lowbits: 010
key: b |
noverflow % lowbits: 10 ‘ empty ( emey
__— key:
*buckets — Iowb?t); :%10 empty empty
* oldbuckets empty empty empty
nevacuate empty empty empty
*
extra empty empty empty
key: d ‘ key: e / key: g
lowbits: 110 / lowbits: 010 /‘ lowbits: 010
empty empty / empty
J/ /
*overflow — *overflow * overflow

Y45 5E UG, overflow bucket W2k T, key ##E+H# T—4 bucket,

[lomap ~ 0

e
count ‘
flags
B=2 |

noverflow

* buckets — —
* oldbuckets

nevacuate

* extra

part. #4i2 hash [y lowbits. ¥ map #  0-3

ARSCRS S H RSO (www.topgoer.cn) i - 88 -

N x part,

BONEE T, e T ERENOR.

2

key: a
lowbits: 110

key: b
lowbits: 110
key: c
lowbits: 010

key: d
lowbits: 110

key: e
lowbits: 010
key: f
lowbits: 010
key: g
lowbits: 010

empty

* overflow —@

R&fAE T 2 FT s, WAy &5em)hG, & buckets F1 key 4332 7 2 4 #il) bucket. —ANE x part, —MEy

4-7

Ay part.



map I Ed I B

lomap 0 1 \ 2 3 4 5 6 7
| \
- nmep |
count
fags e
_ key: c key: a
B=3 / lowbits: 010 lowbits: 110
/ key: e key: b
noverflow P4 lowbits: 010 lowbits: 110
* _— key: f key: d
buckets lowbits: 010 lowbits: 110
* oldbuckets key: g
— | lowbits:010 empty
nevacuate empty empty
* extra
empty empty
empty empty
empty empty

* overflow ‘0 * overflow w

R, RE K E R T HAL buckets GTEIL, FoRFTE I bucket #MGT s IS . Sibr b, BAVEGE, ML
AN AR, A TR AT e e . B AEMGE IS R, oldbuckets fREFIE SR KT [lbmap, JFHE
ZHWHT5E B key 1) tophash A& —ANREE, For key BIRIT 1.

ARSCRS S H RSO (www. topgoer.cn) i - 89 -



interface

interface

iface Ml eface WX AR 4
Go M5 C++ BEOAMRF
B DR R

WTHA interface LREH

Go EE 5MTRAKKA
EECE FE et BCE XA
BORWEIERERK

i iEas B IRA R T LI D
REFLHAW S KIX A
BOR3SRANSE
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file:///docs/goquestions/goquestions-1cjh369ocdp9p
file:///docs/goquestions/goquestions-1cjh37b5ok2un
file:///docs/goquestions/goquestions-1cjh3cdcqm2jf
file:///docs/goquestions/goquestions-1cjh3cnue4243
file:///docs/goquestions/goquestions-1cjh3e9f5a2cq
file:///docs/goquestions/goquestions-1cjh3hreacge1
file:///docs/goquestions/goquestions-1cjh3ia80ja6n
file:///docs/goquestions/goquestions-1cjh3ishpoq1t
file:///docs/goquestions/goquestions-1cjh3j9k022ed
file:///docs/goquestions/goquestions-1cjh3jodgfqr1

iface Il eface X A& 4

iface fl eface X H2H 4

iface Ml eface  #jE Go FHfiAE: MK ELE WA, XHET iface  FHRMIE S TE, M
eface NS SATAT L s 0 interface {}

NI JZ TS — T

type iface struct {
tab *itab
data unsafe. Pointer

}

type itab struct f
inter *interfacetype
_type * type

link  *itab

hash uint32 // copy of type. hash. Used for type switches
bad bool ype does not implement interface

inhash bool // has this itab been added to hash?

unused [2]byte

fun [1]uintptr // variable sized

iface  PMIBYETTPIAIRED, tab  ARFE A itab  SHE, R RIS DU AT IX AN R SRR
i data  FR AR D EAREE, — MM & R — AR RN A2 RS

FERGFUE T itab &R type  FEER T IURRIRA, WIEAAERFR, KN inter  FEM
MR THARA,  fun T BURCEANEE 7 N R R B R A Ty, SR DR DT AR A IR, B
BERG DB R A A 2 BT IR AR, B ELE 47 itab.

B2 5 SR SRR DR SC IR 7 i, SRR AR T i A e MBI B, R ARseid C++ 1918, X HLAT DR EL
iﬁlﬂ’]’]‘ﬁ%ﬁo

G4, URATRES AR E R, it fun HEHIORNN 1, BURIEEOE T 2ANINEN B AR Sbrt, X R
—ANIPER R, WRAEZI5E, EE NS ARG . WILGR AR, I ikt 5E SR 31X 2
BREEEE, BAT AR B S —F), XLy T I R A AR I T S AT HESU

HE—T interfacetype KA, EREIAR R O,

type interfacetype struct {
typ _type
pkgpath name
mhdr [limethod

UES, g7 _type KA, _type kPR bRHE Go W E PR MEERRMIS M. TANEER, XET
A whdr TR FOREOPTE LRI, pkgpath  ig3E X THAKEAZ,

ZEEN KRBT iface AR ARSI
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iface fil eface X 5244

iface interfacetype

* tab _type

data pkpath
[ ] mhdr

itab _type

inter size

* _type hash

...... align

BERE—TF  eface  MIURMY:

type eface struct {
_type * type
data unsafe.Pointer

}

M iface eface  RLLERMISR T . HYEHP T —A  type T, BRSO REM AR S0k
o, data iR 7 BRI
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iface fl eface (X 52 H 4

* type

data

FATRE B 1

package main
import “fmt”

func main() {
x := 200
var any interface{} = x
fmt. Print1n (any)

g := Gopher{”Go”}

var c coder = g
fmt. Println(c)

type coder interface {
code ()
debug ()

type Gopher struct f{
language string

}

func (p Gopher) code() {
fmt. Printf ("I am coding %s language\n”, p.language)

func (p Gopher) debug() {
fmt. Printf ("I am debuging %s language\n”, p.language)

}

AT AL, FTENEICIE 5 -

go tool compile -S ./src/main. go

FLVER], main REHLEA] T A e
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iface fil eface X 5244

func convT2E64(t * type, elem unsafe.Pointer) (e eface)
func convT2I(tab *itab, elem unsafe.Pointer) (i iface)

FIHWARBHIZEAMN  iface K eface  HMRRITBURFLURAANN: WAREMEKESH 4K T,
TR & (4

PERANTE, BAIBIGHRET  _type &AM

type type struct {
/I
size uintptr
ptrdata uintptr
/) B hash 18
hash uint32
"/ B flag, FIRATHHR
tflag tflag
/) TR
align uint8
fieldalign uint8
/) B S-, Hhool, slice, struct SE&EiEs
kind uint8
alg *typeAlg
gcdata *byte
str nameOff
ptrToThis typeOff

Go B E BB R AHIEAE type  FEMIEREL, WIS T BORBET E B -

type arraytype struct {
typ  _type
elem * type
slice * type
len uintptr

}

type chantype struct {
typ _type
elem * type
dir uintptr

}

type slicetype struct {
typ _type
elem * type

type structtype struct {
typ _type
pkgPath name
fields [Istructfield

TR I AR IR TE S, S S B T

SERHR
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iface fil eface X 5244

[GIC% 2, R4 http://legendtkl.com/2017/07/01/golang-interface-implement/

linterface JfigfFEEL MRAH & k5] http://wudaijun.com/2018/01/go-interface-implement/
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Go Y5 C++ 0 M RH

Go #1115 C++ B H 1 5H

FEIE ST A, HR T IR AR, AR S

C+ MR R IR, R b 2 — DB POV R, AR IR . 2l B I 7
B = 0" RAREM . Bl

class Shape

{
public:
/) A R
virtual double getArea() = 0;
private:
string name; /) B
}

BOHMR R A K, N T 4 AR — T DA IIE 2R, R ISARERT T eBifbxt 5, & WM vi% LA
YRA ST LTS I e kR B3RS, JF HL SR IS T A R4l R pR A

C+ & R I T AR A", 1T Go KA “IRf AR, ATEEAFY, S fE LR, HixdA
i

C++ Fil Go 7E5E (M7 s BRI, B3 7 IRZ LI LRI . C++ i e B R R S U SR IR AR s 8 10
Go iyl  itab  hf fun  FBORSCHHE ORI LA R E. CH+ PR e B AR S A s T
Go ¥y  itab P fun | FROEMEBTMIASISER. BHEET, Go AR AR TE T EH N 28,
IREEOIEARARFEN, PrAAREARBLIM P AR AH AR~ itab , XWGR“ARRARX RN XAE
C++ HRAFIEN, BIOYIRAE LR A e 4k QN E2K.

SEEH

[F1 C++ fxtLk] https://www.jianshu.com/p/b38b1719636e
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e I ) SR 2

i LR ) i 22

JEL AT TSR ) iface FIJRIS AT LA 3, SERR e sz 2 interfacetype T ST [ 20
_type , XFHEHARE iface  MIFB itab MR o A2 T AR R — A itab R 75 B2 11 g S R A siz

<interface 87!, AR>S ->itable

DHE — MR BRI R AR, Go I AU E SN DT 5 E T iR AT UL, RS R iR e B s T
7k, IR Z RS 7 iz A

BIARAE w AURE EEOA S 0 ANk WIRESREEMHE NN ERERN  0m) , Go &XTs
AR R I R A R I BT, FTRASEBRROI ISRy O ()

KRR RN D VAR A A MR DTSR, 508, e B Rl SR R SR A e

HERE T

package main
import “fmt”

type coder interface {
code ()
run ()

}

type runner interface {
run ()

}

type Gopher struct {
language string

}

func (g Gopher) code() {
return

}

func (g Gopher) run() {
return

}

func main() {
var c¢ coder = Gopher {}

var r runner
P =@
fmt. Println(c, 1)

TR B N RS LT A interface coder piil runner o &N [ —ANseiaE A Gopher , 2%
piAl Gopher  SEILT AN, 40l run () Zil code() . main REEE LT — MO S c o, g
T—4  Gopher X%, 2k ¢ WESA N EOEE T o TRAE R D I SR PR 2 @ g

run () Fike XBE, WIANEDRESERT k.

PAT AL

A% SR s R SCRS (www. topgoer.cn) 4 - 97 -



e I e ) S 2

go tool compile =S ./src/main. go

53] main KB i 4, LG E: r=c X ATIEASPF FEWAT  runtime. convI2I(SB)  , HELE
convl2l  BAEL, MBREHKE, HRK—A  interface K III—A  interface , H NEMIFEILY:

func convI2I(inter *interfacetype, i iface) (r iface) {
tab := i.tab
if tab == nil {
return
}
if tab. inter == inter {
r.tab = tab
r.data = i.data
return
}
r.tab = getitab(inter, tab. type, false)
r.data = i.data
return

ISR, RS inter  FRRIEMARM, i FORYNE 1SRRI, ro MSRRERAFER T 25

IR iface o ISR, FATTLENE, iface & tab Al data  PINTFBC AR TR, SR

[ I convI2l PRBCEL IR 3, 4R B0 interface It tab Al data , FELKIhERRT .

PATE KNI, tab & EE R interfacetype SR _type o FTRARRRHEMIE A r.tab =
getitab(inter, tab. type, false) .

g, wAORE R getitab  EREUMIERY, WEREMMT .

func getitab(inter *interfacetype, typ * type, canfail bool) *itab {

// 1R#E inter, typ ifFHi hash {&
h := itabhash(inter, typ)

// look twice — once without lock, once with.

'/ common case will be no lock contention.
var m *itab
var locked int
for locked = 0; locked < 2; locked++ {
if locked != 0 {
lock (&ifacelock)

/) WP R —1 slot
for m = (xitab) (atomic. Loadp (unsafe. Pointer (&hash[h]))); m != nil; m = m. link {

/) WRAE hash #FHELZEF T itab (inter Fl typ F5£F#54#/E])
if m inter == inter && m. type == typ {

if locked != 0 {
unlock (&i faceLock)
}

return m
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// 7F hash FHRHLEE] itab, HSLHLEKL—1 itab

m = (kitab) (persistentalloc (unsafe. Sizeof (itab {})+uintptr (len(inter. mhdr)-1)*sys. PtrSize, 0, &memstats. ot
her sys))

m inter = inter

m. _type = typ

/ ASINEEHG hash 2R
additab (m, true, canfail)
unlock (&ifaceLock)
if m. bad {

return nil
}

return m

B —F: getitab MMM interfacetype Ml _type  KAHH itab MAEPAR, WIRALKD], WH
R E B0, SPELER interfacetype AT type  FIAEMA itab , JFEAZ] itab RAR, XHEF
R B ES) itab

KHAR TP, IR A O EBET, SRAEDUNIR S — IR BAR B, RS AR B IRBIMINY itab  MIIEOLN, WE
WEN A, JFHEARAR, FULmEmst. xpe, HAEEERMAY  itab  JFHMERARIN, 5 K&K,
SWHEE, ZJE, A\ -NMESARARN  itab

FRE—TF  additab  FREHIRIG:

/B type EETE interface type FH-HEIEXINH itab ZEHJK FHEF] hash 5
func additab(m *itab, locked, canfail bool) {

inter := m. inter

typ := m. _type

X := typ. uncommon ()

/ both inter and typ have method sorted by name,
// and interface names are unique,
'/ so can iterate over both in lock step;

// the loop is O(ni+nt) not O(ni*nt).

/ inter fll typ HITri5ab 5 ik G AT T HEIT
/) HH IEL 1. BT UG A S B E
/) RIS 0(mi+nt), MJE O(ni*nt)

ni := len(inter. mhdr)

nt := int(x. mcount)

xmhdr := (%[1 << 16]method) (add (unsafe. Pointer (x), uintptr (x.moff))) [:nt:nt]
j:=0

for k := 0; k < ni; k++ {
i &inter. mhdr [k]
itype := inter. typ. typeOff (i.ityp)

il g

name := inter. typ. nameOff (i. name)
iname := name. name ()
ipkg := name. pkgPath ()
if ipkg == 77 {
ipkg = inter. pkgpath. name ()
1
for ; j < nt; j++ {
t := &xmhdr[j]
tname := typ.nameOff (t. name)
/) BT AL FR
if typ. typeOff (t. mtyp) == itype && tname.name() == iname {
pkgPath := tname. pkgPath ()
if pkgPath == 77 {
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pkgPath = typ. nameOff (x. pkgpath). name ()

}
if tname. isExported() || pkgPath == ipkg {
if m != nil {
/) BEHERECH A, FEA £ tab. funZiZi T
ifn := typ. textOff (t.ifn)
* (xunsafe. Pointer) (add(unsafe. Pointer (&m. fun[0]), uintptr (k)*sys.PtrSize)) = ifn
}

goto nextimethod

m. bad = true
break
nextimethod:
}
if !locked {
throw(“invalid itab locking”)
}

// 1+E hash 18

h := itabhash(inter, typ)

// MiEHash Slot#E#

m. link = hash[h]

m. inhash = true

atomicstorep (unsafe. Pointer (&hash[h]), unsafe. Pointer (m))

additab = &fEfy itab  FFEM interfacetype ~ Fl = type @ EEMNE, HEE type  EHTEAEL
mr interfacetype  HIJ7k, WELREMWHMNITEIIREZSNEHHHZL  interfacetype  FIFFHAMTIESIR. HX
FIHAH A2 ER, F—F, FHRREGE  ni *nt, EHTHENREG R ER R TRET THF, PR
APATT  ni +nt &, ARELES —ANEIRSHL: 5 T EERIEEAE A O FREATHEL TR b — k3 B3 B A A7 B T

iz

3R hash {8 i) b8 2 ELATRT

func itabhash(inter *interfacetype, typ * type) uint32 {
h := inter. typ. hash
h += 17 * typ. hash
return h % hashSize

hashSize fIfE A& 1009,

R, TSRS YA 25 B L I, SR conv  RHINRKE, HlnsHEEM convl2E  FRF. EHEN
Ve convT2I RFo X LR B LA AL :

1. BARKAEE B ORE,  type FEEZEEHIVEEAN type; M mallocge 3R4E—Hui A4, TEEHIEES%,
data P8 FIXHHT A 17

2. HARZARIEAE B O, A2 tab R 4n Bt (Egn B BL UG A AT 1Y), e tab FEXE RIS tab Hi1M1
itab; VM mallocgc G —Hur N {7, EEEHIHEY, data PR IIXHHT N A7

3. I T OERED, itab JHH getitab sBGRI. HAER—R, ZEEHM hash F3RIL

SE BN
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[EOmE. &S] http://wudaijun.com/2018/01/go-interface-implement/
[itab] http://legendtkl.com/2017/07/01/golang-interface-implement/
A1 C++ HIxfEL] https://www.jianshu.com/p/b38b1719636e

[itab 5] https://ninokop.github.io/2017/10/29/Go-
%E6%96%B9%E6%B3%95%E8%B0%83%E7%94%A8%E4%B8%8E%E6%8E%AS%ES5%8F%A3/

[ getitabyFEiZ#iRH ] https://www.twblogs.net/a/5c245d59bd9eeelbb3db561d
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W interface SEILEZ A

i A interface S22 4

Go  WHEIFRABOIHEMMEREL. AEREL. 4ok, ZEAKENMD, Eeiad s n AR UM SR 1T a0 Rk
1.

AR FBATHIRAT N, AU NS

1 R A SR B

2. FUVFANIRI KIS G 7] — i 2 A 3 1A S 2
3. DA—ie (07 2O AR A RO R

4. AEBhASE F L AUE L G R A O K7 SR

BRI T Z AR BT

package main
import “fmt”

func main() {
gcrao := Student {age: 18}
what Job (&qcrao)

growlp (&qcrao)
fmt. Println(qcrao)

stefno := Programmer {age: 100}
what Job (stefno)

growlp (stefno)
fmt. Println(stefno)

}

func whatJob(p Person) {
p. job()
}

func growlp (p Person) {

p. growlp ()
}

type Person interface {
job ()
growlp ()

}

type Student struct f{
age int

}

func (p Student) job() {
fmt. PrintIn(”I am a student.”)
return

}

func (p *Student) growUp() {
p.age += 1
return
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type Programmer struct {
age int

}

func (p Programmer) job() f{
fmt. PrintIn(”I am a programmer.”)

return

}

func (p Programmer) growUp() {
/) FFREB/AR
p.age += 10
return

RS E e LT 1A Person M, @WEFAHAL:

job ()
growlp ()

SRIG, MEXT 2 NEEfgk, Student Fn Programmer  , [Aif, 257 #Student Programmer SEHL T

Person I IR REL. HE, *Student  FEISLIL T, Student  ZFERIEIEAT .

ZJa, WIE LT RS Person %I RREL:

func whatJob (p Person)
func growUp (p Person)

main  BRECHESEAERE Student 1 Programmer  [XTR, FREEANIMENBIMRE whatJob Al
growlp o BRECT, BRI CTREL SEBRHAT B R G f A NSRRI AT 2, T AR SRR AR S o
Ho TE, RN RE R —3 Bl 2RI, 28 BT .
RN BURUENTE, {ER%E whatJob()  B#  growUp() W5, #:0 person R [ EASA
*Student B Programmer o MRIETIMIHIN  iface  UAMY, XHESEZHA 0 fun  EAFREE, %
(R s.tab->fun[0] , TWAAY  fun  EZLHLRTERE SRR SEILM R EL, BT DA BR B AN R 1 SEAR S A,
W S2bR BRI BRI, S22 3.

BT — Y

T am a student.
{19}

I am a programmer.
{100}

e fhon

[ & Fhim A xd % 194237 1 https://cyent.github.io/golang/other/oo/

[ &5 7HM] https://www.jb51.net/article/116025.htm
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Go i H 5M 7 RMHL R

Go i E 5MRAM KR
e FLBA T PRI s

If it looks like a duck, swims like a duck, and quacks like a duck, then it probably is a duck.
BV RS WA R RGNS T, RIS —Reiek, BT —REEm i, ek DA e — AT

Duck Typing , W§7-JH, SEZNAMIL F IO — R0 RAEWTHNG, CHIREXT REEMMHAE I, AR RIGIA L
Go i F AT & H, w12 1 10 7 3(5e 6 SR 12

B, EEhZEIES python 1, 58 L—MZHFEIK R L

def hello_world(coder) :
coder. say_hello()

LA EI %, WTOME TR, REESLBT  say hello() MWLl WREASH, BA7ERS & Hm

Hi%o

MAEFATE S W Java, C++ o, WAE R RIAE ISl T AN, 25, AR 2R MR 7. AR T
UM helloworld  BR%L, HMENT —MRABMBAEI  say hello()  HZEAL, WLEG M Bt A Ld@id. X
SRS TE S BT S R R A

BNASE E A S M E AL, AR SR R A B AN LR R, AMEEISIE S, RAEEITR
AT A SAREE . Hf—4), REEBAEMA  python  M—ANER. B8R, G EREF RERDY Bt 2R
MERM ST, NENEEMESIEEA, XKELEMLE L, KT LERE, ik TR, 3h81E S MR Xk,
FIRE N E LS B, AR, SEKENR, X—xi, 5 python MR BG4

Go i F A TINS5, A RAMRBI. TIlAN T FIVER, RN AT 5 e, Sk
W Happy 1. Go KM VI fik: AR RIS 73N, W ES CRISCR VAR AT, G it se el
Fo

KB T

JeE A, RV S L N S 5 e B

type IGreeting interface {
sayHello ()
}

func sayHello(i IGreeting) {
i.sayHello()
}

FERE LA SRk

type Go struct {}
func (g Go) sayHello() {

fmt. Println("Hi, I am GO!”)
}

type PHP struct ({}
func (p PHP) sayHello() {

fmt. Println(“Hi, I am PHP!”)
}
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Go if 5 517 R R AR

&5, £ main &R IRH sayHello() #i%k:

func main() {
golang := Gof{}
php := PHP{}

sayHello (golang)
sayHello (php)

FEFFHa L -

Hi, T am GO!
Hi, I am PHP!

& main %, A sayHello() B3k, AT golang, php  XH, EAIIFEA REXHA LI T IGreeting
A, RS TR LT LE R sayHello() BA. sebr L, gmigs/E i sayHello() A, 2Bas(Hols  golang,
php  XTGHARK IGreeting 2R, X R ERASTE T R EG AE ThRE .

it A — R B F IR A

ARG E I RAR A K, AEISATIYIE A RERf 2

BB 0] LR MR A 24, BRI A S Hee

ANt B
AR, MR R S RS, AR, SRR R L AN HT kR E R E R el S IR S
H, M2 e” ME BB RS e . Go (A —Mig&in S, W\l Wyl 9k B2 Go g%
SEH R T R B R A

ZERR

[wikipedial https://en.wikipedia.org/wiki/Duck_test

[Golang 5727, #H5ELE3F] https://blog.csdn.net/cszhouwei/article/details/33741731
[ %Al xd % #9423 1 https://cyent.github.io/golang/other/oo/

[£&. M7RAEH] https://www.jb51.net/article/116025.htm

(5728, SEFHFASIESF] https://www.jianshu.com/p/650485b78d11
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HHE R B 1 X

(E U IR B B 1 DX )

itk

JrdRess T 8 SRS BERIE AT e MR B XA E T — M ECE 48— BB — N glics, Abaeiae
T U5k BCET B e R RREHRICE

EPRITER %, ERMBERT LA ERGE o7k, mTBUMA $REHRGE  IUEs feR ISR AT LA
A fEEHERIGE U7, WRTRUEA ESRE 5.

WALEB, AEIEREICE A A KA, S MEAIRH AT LR, A R AT A e iR AL

KB T

package main
import “fmt”

type Person struct {
age int

}

func (p Person) howOld() int {
return p. age

}

func (p *Person) growUp() {
p.age = 1

}

func main() {
// qcrao Z(HIEH

gcrao := Person{age: 18}

/BT B 1R R 77
fmt. Print1n (qcrao. how01d())

// MHZET R R IR E R 7
gerao. growlp ()
fmt. Print1n (qcrao. how01d())

// stefno J2f5¢EH

stefno := &Personfage: 100}

/ IREFEI R A ST 7
fmt. Println(stefno. how0ld())

/) TR RN B AR 15T 2R T G v
stefno. growlUp ()
fmt. Println(stefno. how0ld())

A R A R
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(L FR W AR AT R0 X))

18
19
100
101

WHT  growlp  BEUG, ANEFRNFRERAGLIRA A, € Age  HAKZ T

SEBR L, SRR B KRR, SRR BT R T L TAE, ARk 2B
: fER TREHZCE

N N . » v i 1%
. TR S Ek, | SRR
(EE St e N g, gerao. growlp ()
BT “AAE UM
SEfR B2 (&gerao). growlp ()

TRt 51 FOu1E, - e
kB, stefno. how01ld () KR P2 AL,

TREFRALH TR B 2 B

b | ‘
) B %, T4
(kstefno). how01ld () ROFSREALZ, U7 —frdatt

ERWCE MEeH Bl

RTINS J AR S AA R AR 6, A n] DO e S o e S AR, X B 9B a4 R

JeUtahit: SRR BRI TS, M T B T RCE AR I T, TSRl R R AR S I
AN S F B O R AR J5 ik

KE AT, MeEeila:

package main
import ”“fmt”

type coder interface {
code ()
debug ()

}

type Gopher struct {
language string

}

func (p Gopher) code() {
fmt. Printf ("I am coding %s language\n”, p.language)

}

func (p *Gopher) debug() {
fmt. Printf ("I am debuging %s language\n”, p.language)

}

func main() {
var ¢ coder = &Gopher{”Go”}
c. code ()
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{E B AR BRI 1 X )
c. debug ()

IR ELE T —AMED coder , BELUE ST HIAEREL

code ()
debug ()

AL T —AERE Gopher , BESEBLT WAL, —AMEEICE, —AMREHRICE .
Wi, BAWE  main  RECEEER R EATE A T SR R

BAT—F, 4558

I am coding Go language
I am debuging Go language

ERAIRBAHE  main  BREE KRR

func main() {
var c¢ coder = Gopher{”Go”}
c. code ()
c. debug ()

BT R, RE:

src/main. go:23:6: cannot use Gopher literal (type Gopher) as type coder in assignment:
Gopher does not implement coder (debug method has pointer receiver)

F X ARG I 22 5] T 2 — RN &Gopher ey coder 5 EREIRIZN Gopher  TR4AT

coder
BRI Gopher  V&ATSZHL coder . REAETIE, KA Gopher  REIIE A LI debug  Jy
Wy XA, *Gopher KM H LI code  Jjik, {HERKA  Gopher  FEMSLHLT  code ik, AT
PAik *Gopher  RMHEBNHE T code  Jjik.

%, BHRUEA AR R R IR B AR T ik, ARTT REAE T VA T 2o R IS ) MR AT S DR, AT S
B M TR AR Tk, AET7 T AN 2R R A 5 5

Pk, OB T N ERICE RS AT, T LB B AR AR R R SRR TR, B AN 2 R R
Fo fHAE, BT MNMRUCE R IR RAR T, DRI B B A A R RS R DTV A R e
GEIMFRESED . BUELESIL, BOVERM & UL, A SRR I .

R, WSS P el T

USRS T RCE AR T, SRR S sl T B R AR R AN U

P o B FE I

WEARTT R ECE R E R, T R RIS X SR E, BRI G EIAS, AR AR IER R 2
FREFRAL, D B A B2 FE TR A X R A B o
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R N Tk B O B -

o JTRRENSIE TR T R IO
o JESRAEERIRIA NN TR, R RISRAUCN RS R, IR AL

AT FMEFECE R AR U, AREIZONEET B T MY (MR ke, MRS TR A&

i

WA B AR EIA R, AR DS R A2 B Go 155 BN B EGEAL, /e, BAMESE, Waie SUE B

RV T BN E RIS HIZEM, 4 slice, map, interface, channel, iXEeEMIELERETR, ABIBATRIME, 92br B2 R

#T A header , TR BB E SUEBIE KRB TTVE . IXFE, RN, R EEE copy TIXEERAY)
header , i header A G N .

DR AR FIRRIA BT, ANRER e A3t ST/, KPR B NAZ IR, I SUREHZ I I T5i% .  Eeln go YRR HL ST
PrE5tPR (struct File) siARAZBEH], FiZAAE 4 Sk

X—BORIIESE, KRETULEE (Go il H %) 5.3 M—1.

SERHR

[ KELE GoxkZEic] https://www.flysnow.org/2017/04/03/go-in-action-go-interface.html
[ et 44U ] http://ironxu.com/711
[##Go Interface] http://lanlingzi.cn/post/technical/2016/0803_go_interface/

[Goifi 5ok KM AE] KT (Go In Action)
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B 1 R e R R

A [SEzEpug iface i

N T RIS R R TR Y, T R S SR g ) A

KB AR

package main
import ”“fmt”
type Person interface {

growlp ()

type Student struct {
age int

func (p Student) growUp() {
p.age = 1
return

func main() {

var qcrao = Person(Student {age: 18})

fmt. Println(qcrao)

e

PAT A4

go tool compile —S main. go

33 main REC AR R

0x0000
0x0000
0x0009
0x000d
0x0013
0x0017
0x001c
0x0021
0x0021
0x0021
0x002a
0x0031
0x0035
0x003a
0x003f
0x003f
0x0044
0x0049
0x004e

00009
00013
00019
00023
00028
00033
00033
00033
00042
00049
00053
00058
00063
00063
00068
00073
00078

00000 (./src/main. go:
00000 (./src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /sre/main. go:
(. /src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /src/main. go:
(. /sre/main. go:

H

i H R R i e 2

=

AAN

eface

TEXT
MovQ
CMPQ
JLS

SUBQ
MovQ
LEAQ

PRI

RS, HE iface fa itab i
R G EA.

”” main(SB), $80-0
(TLS), CX

SP, 16(CX)

157

$80, SP

BP, 72(SP)

72(SP), BP

FUNCDATA$0, gclocals * 69¢1753bd5£81501d95132d08af04464 (SB)
FUNCDATA$1, gclocals  e226d4ae4a7cad8835311c6a4683c14f (SB)

MovQ
LEAQ
MovQ
LEAQ
MovQ
PCDATA
CALL
MovQ
MOVQ
TESTQ

$18, ””..autotmp 1+48(SP)

go. itab. ””. Student, ””. Person(SB), AX
AX, (SP)

77, autotmp 1+48(SP), AX

AX, 8(SP)

$0, $0

runtime. convT2164 (SB)

24 (SP), AX

16 (SP), CX

CX, CX
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0x0051 00081 (./src/main. go:33
0x0053 00083 (. /src/main. go:33
0x0057 00087 (. /src/main. go:33
0x0060 00096 (. /src/main. go:33
0x0069 00105 (./src/main. go:33
0x006e 00110 (./src/main. go:33

) JEQ 87

) MOVQ  8(CX), CX
) MOVQ $0, 7”..autotmp 2+56(SP)
) MOvQ $0, 77..autotmp 2+64 (SP)
) MOvQ CX, ””..autotmp 2+56 (SP)
) MOovQ AX, ””7..autotmp 2+64 (SP)
0x0073 00115 (. /src/main. go:33) LEAQ 77 .autotmp 2+56 (SP), AX
0x0078 00120 (. /src/main. go:33) MOVQ AX, (SP)
0x007c 00124 (. /src/main. go:33) MOVQ $1, 8(SP)
0x0085 00133 (. /src/main. go:33) MOVQ $1, 16(SP)

0x008e 00142 (. /src/main. go:33) PCDATA $0, $1

0x008e 00142 (./src/main. go:33) CALL fmt. Print1n (SB)

0x0093 00147 (. /src/main. go:34) MOVQ 72(SP), BP

0x0098 00152 (. /src/main. go:34) ADDQ $80, SP

0x009¢ 00156 (. /src/main. go:34) RET

0x009d 00157 (. /src/main. go:34) NOP

0x009d 00157 (. /src/main. go:30) PCDATA $0, $-1

0x009d 00157 (. /src/main. go:30) CALL runtime. morestack noctxt (SB)
0x00a2 00162 (./src/main. go:30) JMP 0

RV 10 1FF 6, BT LTICARIRE, WU L AR AR S HHM R, EBRAA T .
CwATH #4E

10-14 K& runtime. convT2164(SB) 1%

TATHRE T RA RIS EUE

func convT2I64 (tab *itab, elem unsafe.Pointer) (i iface) {

}

convl2164  &kiEH—A inteface , HHEZIATN Person M.
E—ASHNE R (SP) , XEPWM LT go. itab. ””. Student, ””. Person (SB) k.

FATAE F I AR 21

go. itab. ””. Student, ””. Person SNOPTRDATA dupok size=40
0x0000 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x0010 00 00 00 00 00 00 00 00 da 9f 20 d4
rel 0+8 t=1 type.””
rel 8+8 t=1 type

. Person+0
. Student+0

nn

size=40 KANKNAOFEAT, [EIH—F:

type itab struct {

inter *interfacetype // 8% 1/
_type * type // 8T
link  *itab / 2l
hash  uint32 EH
bad bool FEH

inhash bool

5= 72
unused [2]byte // 25777
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fun [1]uintptr // variable sized // 8FTi

JEAEAN 7 B /N, itab  ZEMIARRIR/MEE R 40 AT, BEA B ECTEsEhR B itab  FAIMLEHMNE, i
E'@U(iﬂﬁ’%ﬁ?m 0, M 24 FH5FFURE) 4 A~ da 9F 20 d4 sEfr b2 itab B hash  {H, XFEHIWIH
I 75 A0 [7) I Ak 23 FH 3

NPT REEAR A, W iﬁ?jﬁEﬁFﬁﬁmYﬁ:?ﬁ R, SEMFSR T — AR EE. X R R a8
EAY ﬁ%?@??ﬁ%ﬂﬁi& type. ””. Person Fsthhl, xR itab  HY inter T, RoREORA, 8-16 71 ?%
TEREE type. ””.Student  fdhdk, XS ditab B type | T, FomBEARKA,

WOASHOR IS T, w18 (M, XMRWIMAL Student  ZERMARIUHEE S E

LT B

15 WH  runtime. convT2164 (SB)

FARE TR

func convT2I64 (tab *itab, elem unsafe.Pointer) (i iface) {
t := tab. type

var x unsafe.Pointer
if *(*uint64) (elem) == 0 {
x = unsafe. Pointer (&zeroVal[0])
} else {
x = mallocgc (8, t, false)
*(*uint64) (x) = *(kuint64) (elem)

}

i. tab = tab
i.data = x
return

IXERARAS LA A A, tab Tteh 7 iface £f] tab TE data MR AEHE F I T —HNfE, 2
ok elem  dRmIM 18 HEIL k. XM iface MM T.

LoiTse BfE

17 o oi.tab  MREE X
18 I i.data W% AX

o i.tab 2T nil, WERARRE, 1 CX B3 8 AT,
19-21 WA itab ) _type FRIRZ T CX, XA 0K SZRKA
REEAEN  fmt.Println BREINSHL

JEl, #UEWMA fmt.Println RERZETHSEESTET, AEHR.

XFE, AR —A interface MG R T o
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(51511
NI EN e 28BN Hash  fH?

RRESHERMBIEN - RXE, SHERBERT L. AERMEDNT:

type iface struct {
tab *kitab
data unsafe. Pointer

}

type itab struct {
inter uintptr
_type uintptr
link uintptr
hash uint32

[4]byte

fun  [1Juintptr

}

func main() {
var qcrao = Person(Student{age: 18})

iface := (*iface) (unsafe.Pointer (&qcrao))
fmt. Printf (“iface. tab. hash = %#x\n”, iface. tab. hash)

EXT—A hFE K iface M itab , BE W€ RPN itab | B SESCEMURATMHIA R
REIF T, el _type , X FIESEERE SGRW BRI, (HXE gER RSARETAE, B _type e
TREFT T -

T main | BHECE, EMAENAMEORS | qerao |, ARURESIKAES, BUSEIGE  hash |, D! R
WEAE EE TR .

TEATEE R
iface. tab. hash = 0xd4209fda

EA—3ERE, MIERN qerao  MURME, BIEIRIE  age  SEILAME, SFEIM hash  EAKAAAEN, X%
FE A ATIORHE) » hash  E ARG 7 Be. TriEmiok.

ZERHR

[ B ScEE, e ] http://xargin.com/go-and-interface/#reconstructing-an-itab-from-an-executable
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YRR E BRI SRR T S 1

I P H SR SR A 2 15 S B
Lo B e PR B S BRI TR A A BE A i

var io.Writer = (kmyWriter) (nil)

KB ESAT B, AHEEERE A, PR EX R ENA R MERSHEE  kmyWriter  BAETBSIIT
io.Writer %M.

KE T

package main
import “io”

type myWriter struct {

/*func (w myWriter) Write(p []byte) (n int, err error)

return

func main() {
/ foB #myWriter BHEEHSZH T io. Writer #00
var jo.Writer = (kmyWriter) (nil)

(B myWriter BAEGSEH T io. Writer #£I1

var  io.Writer = myWriter {}

VRN myWriter & X1 Write %5, B1TFE:

src/main. go:14:6: cannot use CkmyWriter) (nil) (type *myWriter) as type io.Writer in assignment:
s#myWriter does not implement io.Writer (missing Write method)

src/main. go:15:6: cannot use myWriter literal (type myWriter) as type io.Writer in assignment:
myWriter does not implement io.Writer (missing Write method)

WAHE B *myWriter/myWriter A&523 io.Writer #2117, 2 R5H Write J5i%.
TRERER S, BT AN .

Sebr by ERUEIE A 2R A R A A e, AR R, PR S A S A U R SRR R B T A AR I T

BEN, AER AR AR IS AR, RAR DI 1R S S A

var io.Writer = CkmyWriter) (nil)
var io.Writer = myWriter{}
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R H AR 35 1) DXl

SR 45 R I 55 11 X )
PATHGE, Go i H AR MEE, hyitin = WL, ARFHBIEEAMFERA LR,

FMBA . RMNE  ATEGRIT A RBEE R AR AR ARAE T, SR R AR AT )
k.

KRB

X R WE, FERAERRA R EA EARE AT R
<HERKM> = <HIREM> ( <RiEAX>)

package main
import “fmt”

func main() {
var i int = 9

var f float64

f = float64 (i)

fmt. Printf ("%T, %v\n”, f, f)
f =10.8

a := int(f)

fmt. Printf ("%T, %v\n”, a, a)

// s := [Jint(i)

FERIEE, e T4 int BN float6d — BIPARE, HREEAIZ AR, 4502 mIh
1 int RN float64 AN EHEEM

WER IR G — TS R L4, JRieds IR B AR %
cannot convert i (type int) to type [lint
%‘ﬁ‘

=]

Wi, BOVEEN interface{) B E LMK Kt Go A RAMSHL T 2. M P REIE
interface{} , MAZLRES, HEPLSHRTHE, IMEEERHFEHR.

W
put

i 5

<HBRFHEME>, <fi/KSH> = <RikX>.( BN ) /) el s
<HBRRMME> = <REA>( BnEM ) /AR ME

FIARAN ST 5 A LN, AFZAL, £E T2 5 45 P AT A

WA RAE — AT
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package main
import ”“fmt”
type Student struct {

Name string
Age int

func main() {
var i interface{} = new(Student)
s := i. (Student)

fmt. Println(s)

=

Jiélj_’ﬁ_l::

panic: interface conversion: interface {} is *main.Student, not main.Student

E#E  panic T, XEBEA i £ #Student  FM, JfE Student  FEM, WiFkW. KREERET
panic , £k EACH AT REIFANE ik pEf, AT DR 2 4 5 IR i

func main() {
var i interface{} = new(Student)
s, ok := i. (Student)
if ok {
fmt. Println(s)

XPE, BT S RMABAZ  panic .
W5 Hsna AT S —moe X, st fE R switch  BAHWEOMEY, F—4  case  SWIFHFEE. “dh—
A case B, BtoPAT case R, Rk case  BAIMIBTRBEZN, FNREARESAZA

case  VCPEMIHEHL.

AR BT -

func main() {

//var i interface{} = new(Student)
//var i interface{} = (*Student) (nil)
var i interfacef{}

fmt. Printf ("%p %v\n”, &i, i)
judge (i)

func judge (v interface{}) {
fmt. Printf ("%p %v\n”, &v, v)
switch v := v. (type) {
case nil:

fmt. Printf ("%p %v\n”, &v, v)
fmt. Printf (“nil typel[%T] %v\n”, v, v)
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case Student:
fmt. Printf ("%p %v\n”, &v, v)
fmt. Printf ("Student type[%T] %v\n”, v, v)

case *Student:
fmt. Printf ("%p %v\n”, &v, v)
fmt. Printf (“*Student type[%T] %v\n”, v, v)

default:
fmt. Printf ("%p %v\n”, &v, v)
fmt. Printf (“unknow\n”)

type Student struct {
Name string
Age int

main | EHCATSATRRIAS, FUGET T, HRBAWIT, BRSAE TR

// ——— var I interface{} = new(Student)
0xc4200701b0 [Name: ], [Age: 0]

0xc4200701d0 [Name: ], [Age: 0]

0xc420080020 [Name: ], [Age: 0]

*Student type[*main. Student] [Name: ], [Age: 0]

var i interface{} = (*Student) (nil)
Oxc42000e1d0 <nil>

0xc42000e1f0 <nil>

0xc42000¢030 <nil>

*#Student type[#main. Student] <nil>

// —— var i interfacef{}

0xc42000e1d0 <nil>

0xc42000ele0 <nil>

0xc42000e1f0 <nil>
nil type[<nil>] <nil>

X T AT A
var i interface{} = new(Student)

i &4 #Student  HH, LR LEE=A case, MITENMIZ=AMubRAE, XZAbMARESChr LAV A—FER. 12
main PR —MRAZE 1 HHREE, SR LEER T —HhSE FRBE AR v, B
i UL WS )R, SRR — e Do BT LR EAT BT AR B AR AOAS — R

T3 ZATIER):
var i interface{} = (*Student) (nil)

XHREARHAESE 1 EREIARAE (Student) |, HdEAN  nil , BERFIEIEALRE nil , BH
nil  fRHAECHI (R, BEIRERERE false o

R

var i interface{}
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X [E i A nil AL

[51H1]

fmt. Println  MEIZSHGE  interface o X TWEIA, MEBAMLMNIRE, BSHENIISA, RGN

TREFATED . MO H e LRM, HeME R m9aly  StringO) ik, WARSCHLT, W E TRV

String () JRAMIGER: B, SIS R Pk S R S REAT TR

PERE—ADERIGT, P, AEKk.

package main
import ”fmt”
type Student struct f{
Name string
Age int
}
func main() {
var s = Student {
Name: “qcrao”,
Age: 18,
}

fmt. Println(s)

KA Student  ZEMMEWAE I String() ¥k, BFBL fmt.Println

{qcrao 18}

WA StringO TSI

func (s Student) String() string {
return fmt. Sprintf(”[Name: %s], [Age: %d]”, s.Name, s.Age)
}

FIENE R

[Name: gcrao], [Age: 18]

FEIRIRATE E LT IERATE T

[51H2]
BEX LHAIBT, WEREC

func (s *Student) String() string {
return fmt. Sprintf (”[Name: %s], [Age: %d]”, s.Name, s.Age)
}

ERAEWNRANEZEEIARE, BAE  Student  SEMARA - AMEEZHEEAA
PREL, TENSER:
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AL AT 1K) X))

{qcrao 18}
b

FH T RAEEZELE T WA mEAE «T JiEEREZE T M
T REEEER  #T  RUPANAUZE Go RIIEVAME.

FTEL, Student  SEMIPRE X VR A RMRMERME  String()  J5vAN, i

fmt. PrintIn(s)
fmt. Println (&s)

Py LU 52 SO ORAT B

W Student  GEMMRGE T HEZFHARARIRE BN StringO AR, R
fmt. Println (&s)
A BRI A TR

SEEH

[ AW ] https://www.cnblogs.com/zrtgsk/p/4157350.html

[ 1 https://studygolang.com/articles/11419
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B2 L B2 2R 8) 2518

BN EY BN R IR ]

PNATER Ve EEE iface WHEMDMFE: tab  REECIRARE fREEMER, data  EEHEIRE, MFER
HARME . enanghoy  shaRM M ZidE o mERnEes SR W @idE

(511 AZBART nil - fELEER

BOEMEERE | SA%H R SSE WM nil . SOULSEEHANEEN | nil | OERT, &4
ESEA SIS | B = nil

KENBT

package main
import ”“fmt”

type Coder interface {
code ()
}

type Gopher struct {
name string

}

func (g Gopher) code() {
fmt. Printf ("%s is coding\n”, g.name)

}

func main() {
var c¢ Coder
fmt. Println(c == nil)
fmt. Printf (“c: %T, %v\n”, c, c)

var g *Gopher

fmt. Println(g == nil)

c=¢g

fmt. Println(c == nil)

fmt. Printf (“c: %T, %v\n”, ¢, c)

v

true
c: <nil>, <nil>
true
false

c: *main. Gopher, <nil>

— I, c ) AR SR A nil , g A nil , i€ g fES c
Ji s © MW FBAS R T *main. Gopher , X% © MIEhAET A nil , {H2Y c A
nil F E AL, &5 SR a2 false I

[51H2]
KE AT, B NERHT:
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package main

import “fmt”

type MyError struct {}

func (i MyError) Error() string {

return “MyError”

func main() {

err := Process()

fmt. Println(err)

fmt. Println(err == nil)
func Process() error {

var err *MyError = nil
return err

XHEEELT —A MyError gERAR, SEIT Error PREL tahszEl T error . Process BRI
IR [E T —A error  BE, XIRBRE T RAEH. FTLL, BEAREMEZ nil , HSrgpsasg sMyError , %
JER nil  BCECHIRMER, S5R08 false

[51EI3Y dnfay$7 B H 2 1 1 25 R 2 A ?

HEA AR

package main

import (
“unsafe”
”fmt”

)

type iface struct {
itab, data uintptr

func main() {

var a interface{} = nil

var b interface{} = (¢int) (nil)

X =5
var c interface{} = (¥int) (&x)

*(*iface) (unsafe. Pointer (&a))
ib := *(kiface) (unsafe. Pointer (&b))
* (*iface) (unsafe. Pointer (&c))

ia :

ic
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fmt. Println(ia, ib, ic)

fmt. Println (* (xint) (unsafe. Pointer (ic. data)))

MR EEE LA iface &5k, HWAIRERAE  itab M data  , Z¥ a, b, c ENFTHIAE
SRR RIRATE & X iface o BRJEHLATLAT B ShRS AL B A ) L

IBATHRIR

{0 0} {17426912 0} {17426912 842350714568}
5

a MENEFRMMBN AR 0, HRHUE nil; b MEIERMA ¢ ISR -8, WL *xint  ; &Kf&, c WISHEN
5.

SEEH

[ /MEANILFEE R R ZNILEE ] https://i6448038.github.io/2018/07/18/golang-mistakes/
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i

AN{iFE

context

unsafe
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file:///docs/goquestions/goquestions-1cjh3kq8kshu3
file:///docs/goquestions/goquestions-1cjh3m9putnt6

context

context

context WTHEUHE

context &f4

context Ft41EH
context.Value RZERIEREREK
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context fnfa i H

context i # B 7H

context GHRILIEAK,

context. go

BT, R MR A O e

B KR
Byt
Context
emptyCtx
CancelFunc
canceler
cancelCtx
timerCtx
valueCtx

Background

TODO

WithCancel
newCancelCtx
propagateCancel
parentCancelCtx
removeChild

init
WithDeadline
WithTimeout

WithValue

K
Held
AL
N
ESYALES
EYALES
ik

AFRICAR] 500 17, HAPie A RS RBERE, AAS AT sEtal 200 47 A4

1EH

5E T Context # LI 732

SEPLT Context #:11, BHILZENTH context
context HUH#E: M, & LT HATE

A LA

N 24 T

A LLAEGE k-v Xt

iR A —AN%E ) context, #1E AR context

RE[—ZE context, WA TEMEHE, WA GEN
context A| A

BT A context, AEp— A1 LLEGH ) context
Al — AN THGH Y context

i) R A58 context T AR AL % &

FREB S — A TG AT AR

FA T H T

(ERILEE

fl#—14 deadline ) context

g —/MF timeout ) context

A — N EE k-v ) context

FIHIXSRE R T context WIPTA L. HO. SiffR, WUAN AR, WLGERE RS, HREk9E .
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BARKE T
Context canceler
+ Deadline() (deadline time.Time, ok bool)
+ Done() <—chan struct{} + cancel(removeFromParent bool, err error)
+ Err() error + Done() <—chan struct{}
+ Value(key interface{}) interface{}
Pyt |
emptyCtx valueCtx cancelCtx
key interface{} mu sync.Mutex
val interface{} done  chan struct{}
String() ) children maplcanceler]struct{}
9 String() err  error
String()
timerCtx
cancelCtx

timer *time.Timer
deadline time.Time

String()

BO

Context
PLAE ] DL E VRS .

type Context interface {
/ 24 context WHRJHELEF] T deadline, iR[H—HEFEHIHI channel
Done () <-chan struct{}

// TE channel Done FKHjJ7, i&[A] context HXiHJH A
Err() error

// IR[A] context A&7 RHEHXIH LIK HEIH R E] (Bl deadline)
Deadline() (deadline time.Time, ok bool)

/) K key XM H] value
Value (key interface{}) interface{}

}
Context  J2—MMEN, EXT 44, efELE  BE M. e uEs 2 R —AI0E, BRI R
AHIE o
Done () iBE—A4~ channel, W LLEIR context #iEGERIME S: 24X channel #2<HII, il context #EUHE T -

R, XEARiEMchannel. FRATAEE, 8 A55H1 channel 2 RN SR M . IF HIRRY B A 7 & mix A
channel HMZENH. #A)igll, XJ/E—4  receive-only  [fJ channel. FUIL/ETIfEHEEHXA channel, FRAEHC
B, A RART 4R 0. WIERAIH TR — &, TN channel B 7 (B0 &, St 2 TE, Rk
B

Err () REI—AMEIR, F£or channel BOGHIIIR A . B2 #E0H, &2 .
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Deadline )  iR[Al context ARSI, AL BL AL, BREOIAT LLkE R B REAT R I ERAE, WURIFRDRKE, BT LA
AT, SRR RG R 4%, WA UHIXA deadline RBLE A 1/0 HRAFE Kk I ] .

Value () IRELZ BT ¥ B key XM value.
canceler
FRE P4

type canceler interface {
cancel (removeFromParent bool, err error)
Done () <-chan struct{}

=

SEPL T R E SUMPIAN 7RI Context, s 1% Context SETTEUH 1. A A I RRISZIL T canceler #
. *cancelCtx Pl *timerCtx o VEREMT * FH, RXPIANGERIRRITREN ST canceler #2100,

Context 4 H it U M1 # R Al -
o HUH"ERAERIZE R, TR

caller ANiZZ&I%0. T callee BN, Vel Ll i return & callee [51E. caller AT KE“BUN" (55, callee
FRAEC R 45 SR A — 2B s, DRI 1 R34 52 X cancel 512

o UL

“HGTHE " HEAN R, RO AR DGR B H At pR B AL B . R, Done()  J7¥EiREI—ARiER channel, M55 %
W channel. —E. channel 5[], it channel (7 3&HLE", G W& # RS .

Y S

emptyCtx
PG E LT Context  HEME, JFHAH T A

type emptyCtx int

func (kemptyCtx) Deadline() (deadline time.Time, ok bool) f{
return

}

func (kemptyCtx) Done() <-chan struct{} {
return nil

}
func (*emptyCtx) Err() error {
return nil
}
func (CkemptyCtx) Value(key interfacef{}) interface{} {

return nil

}

FIXBERS, JEW happy. KOVEEAREILHR R, B REZRR, 22 RRM nil.
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Frbh, 3XSEBR Fog—AN2E 1 context, KIEALH cancel, & AFE(H, %A deadline.

T A R
var (
background = new(emptyCtx)
todo = new(emptyCtx)
)
I THEEANFHERS (FFRERE) MAAATT:

func Background() Context {

}

return background

func TODO() Context {

}

return todo

background &@# H7E main EEH, ERNFTH context MR .

todo JlH FE A HIE LB 4 contextiIETE. B, JAF—A 7 ZEAL# context ZHIBREL RTFLITEAE HAl
context nJLAEEE, IXB kAT DAL todo. IXHE RAETEEMEHT R, SRR EIAINT —4> Context S, (HAAMEZE L
ft4, #H todo “ LA T, WAEH R EAR context.

cancelCtx

FoRE—AHEEN context:

type cancelCtx struct {

XA LU ) Context, 28T canceler #1.

Context

/) R G FEE

mu sync. Mutex

done chan struct{}
children map[canceler]struct {}
err error

&—4> Context.

JeKE  Done()  JFrILMISEIA:

func (c *cancelCtx) Done() <-chan struct{} {

c. mu. Lock ()
if c.done == nil {
c. done = make (chan struct{})
t
d := c.done
c. mu. Unlock ()
return d

EEEEIED Context /B —MELTEL &R, el s

c.done Z“Wi "6, RAWHT Done() 7k EA Sl d. FXRUH, B0 EIRE—A R 30 channel, i B
WA HTTAIXA channel B S¥dE. Frbl, BRI channel, RS block 1. —fGlidi5E select kAl .
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—HRM, BRI .
Err() M String()  JREHUERIRR, AEU. B, R

BEROR, BATELGE cancel () TR RIS :

func (¢ *cancelCtx) cancel (removeFromParent bool, err error) {
/) IENE err
if err == nil {
panic (“context: internal error: missing cancel error”)
}
c. mu. Lock ()
if c.err != nil {
c. mu. Unlock ()
return // EZEWH M FERGE

[/ & err FEMHA

c.err = err
// K channel, #BHIEflHFE
if c.done == nil {

c. done = closedchan
| else {

close (c. done)

/W E T TR

for child := range c.children {
// IBITHIRE PTAT T
child. cancel (false, err)

}

/) T EE

c.children = nil

c. mu. Unlock ()

if removeFromParent {
/) MR AR

removeChild(c. Context, c)

BERE, cancel O JVERIZIAEMLEOCH] channel: c.done; VARG ERINIA 7458 WIS AMERE C. 7%
B RAL IR channel, KGNS S f&idsy T ERPTH 71 5. goroutine ZIEIHOHF 51977 il it select ifiA)h

M it c.done Wik,

AT RA QI — AT HUH 1Y Context (K777

func WithCancel (parent Context) (ctx Context, cancel CancelFunc) f{
¢ := newCancelCtx (parent)
propagateCancel (parent, &c)
return &c, func() { c.cancel (true, Canceled) }

func newCancelCtx (parent Context) cancelCtx {
return cancelCtx{Context: parent}

KRN EREAH A, BA—1 Context Gl & —A4> background
¥t context ¥ done channel &g (Arcifid) .
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2 WithCancel #%GR A1) CancelFunc #if H ek # &5 £ done channel #¢H (275 1) CancelFunc #H)D
It context (755 fY done channel 44554,

ERARLY WithCancel J7ERIZHL, HI# 2 true, B BIBON RN %, 752005 B QAT R BB . 58 —ASH00E — A
SE R H IR 22

var Canceled = errors. New(“context canceled”)

BERER— A, WIS cancel FiEERE, HEARE NS removeFromParent  #& false.
PN m % 1. A Al ES L true? 2. A4 AL true, HIAE false?

B removeFromParent 4 true B, 22 4711 11 context WAL & context Hfl:

func removeChild(parent Context, child canceler) {
p, ok := parentCancelCtx (parent)

if lok {
return

}

p. mu. Lock ()

if p.children != nil {
delete (p. children, child)

}

p. mu. Unlock ()

RHLI— 17

delete (p. children, child)

fHamHES AL true WB? ZZEWA WithCancel O JFikMRHE, thatedrfld— Al BiEA context T b, RI[H 1
cancelFunc B2 E N true. XFEMMLEAIE: MR EI cancelFunc B, 22KiXA™ context W& RIS mi B “Br 4",
AR S AT E R L 705, KA CHUE T, B IRERRI L e &, S A A S5,

LEWOH BRI, FRANIE, FRPTAE T RS RO IRA c.children = nil  MHAKIE. JERPBA L ZH
R, WEERTAER TR MBEWARR, BB Ml 5346, WRSED T3 fim %, 1 child.cancel mi#f%
T true, IELSEKFEINGE IR map fE, A E R

background background
Context Context
WithCancel WithCancel
— \ — prad S~ \ —
— 3 T o —~ \\‘ M T
— WithCancel WithCancel - '\ WithCancel WithCancel
K/ \\\\\A J / 2 . ) N v

WithCancel ~ WithCancel WithCancel - - i WithCancel

B E, RF—HE context B, 4ifH 2 KT FRL context [ cancel 77755, 1% context MWE A context 2zt
T TSR T L. HRLRIEHE LR context #RHLIE T, PRI context M TR ARG IRTA T .

Gig=py propagateCancel ()
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func propagateCancel (parent Context, child canceler) {
VR AR TR
if parent.Done() == nil {
return // parent is never canceled
}
// HER AT LI context
if p, ok := parentCancelCtx (parent); ok {
p. mu. Lock ()
if p.err != nil {
/) R CEWE T, K1 (Frx) HERE
child. cancel (false, p.err)
} else {
) R RARBH
if p.children == nil {
p. children = make (map[canceler]struct{})
t
/)RR TR
p. children[child] = struct{} {}
}
p. mu. Unlock ()

} else {
/) WRZE B ATHGH IS contexto. #/Es)—NFEHEIE S T 35 80 1 s B 15 5
go func() {
select {

case <-parent.Done() :
child. cancel (false, parent.Err())
case <-child.Done():
}
10

KA TIVEMAE A ) B SR AT DA SE T I AT HGE 1) context, Jf HUHEEET B2 B, A LJE cancel JrikimbE, it
AR EfEE, RIS ST context [RII“HUH" .

XA ERE T ASH else MR IIBIRE.  else  EHEUHTTY AL context BA Fl BB AT DUBGH BIA245 55, A
G TR ) ¥l N e N 00 BT

IXEFA RN T, BEARE IR A A AT A, TR case <-parent. Done () X/ case kA RA, T LART DL Z2g
XA~ case; i  case <-child.Done() = XA~ case NMHAT, XD  else  AEERTIG?

HIRIR, TATKE  parentCancelCtx 4 CHD:

func parentCancelCtx (parent Context) (kcancelCtx, bool) {
for {

switch ¢ := parent. (type) {
case *cancelCtx:

return c, true
case *timerCtx:

return &c. cancelCtx, true
case *valueCtx:

parent = c. Context
default:

return nil, false
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X B H 25 =Fh Context 25%. cancelCtx, timerCtx, *valueCtx. # /21" Context WikF|—MNERE, HHiRHIA ik
I

HT context WHIRIIFAZ, UK EEACE copy thak 1, RIS/ else A BN B T JLAAITENES), SRIGIE LI
%

type MyContext struct {
/) XHEH) Context ZF copy HiZKHI, BrLARTIEIASHN context.
Context

}

func main() {
childCancel := true

parentCtx, parentFunc := WithCancel (Background())
metx := MyContext {parentCtx}

childCtx, childFun := WithCancel (mctx)

if childCancel {
childFun ()

} else {
parentFunc ()

fmt. Print1n (parentCtx)
fmt. Println(mctx)
fmt. Println(childCtx)

/Bl FEB I KR, T RFERAK 4TI
time. Sleep (10 * time. Second)

KECAE else AT ENE IR R 1, BB LLE 23 Fess . JAITE =1 context IITENL

context. Background. WithCancel
{context. Background. WithCancel}
{context. Background. WithCancel}. WithCancel

RER, mctx, childCtx FIEH ) parentCtx A—FE, BT R HIE LS AR,

else  XEAUGBD], HHHE ctx sATERE DU, TEHIE/ AT AL T WithCancel s ol g 117 ki
context %, Go £ A2 — MR IIEIUEE S, PR A RUR 2

kUi —F, select HAJHEMFA case HSZHAREMI.

select {
case <-parent. Done () :
child. cancel (false, parent.Err())
case <—child. Done () :

H—A case BMIST RHOH, WBGH TR, BUERERIXAS case, WA RUHUHHIE 5 AU AS B AL B B 711 R8s
H A case VMR A EH CHUE T, Mt HIXA select, S AUMBUHE SHAME 1. MR ERIXA case, WAM

FIREST i — EANIUE, XA goroutine it 1o 244k, WERATABGH T, e E AT AOE, A, Xkt Ak
M o
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timerCtx

timerCtx #7 cancelCtx, HJ&% 7 —/ time.Timer fl—/> deadline. Timer &7t deadline ki, HEIHUHY
context.

type timerCtx struct f{
cancelCtx
timer *time. Timer // Under cancelCtx. mu.

deadline time. Time

timerCtx &t2—4 cancelCtx, FrLlEREEUE. & K cancel() J7iZk:

func (¢ *timerCtx) cancel (removeFromParent bool, err error) {
/) B cancelCtx HIELE T2
c. cancelCtx. cancel (false, err)
if removeFromParent {
/) M TR IR T A
removeChild (c. cancelCtx. Context, c)

}

c. mu. Lock ()

if c. timer != nil {
/) KRPAEN 4%, XHE, fEdeadline ZEIKHS, &K
c. timer. Stop ()
c. timer = nil

}

c. mu. Unlock ()

B timerCtx (19757

func WithTimeout (parent Context, timeout time.Duration) (Context, CancelFunc) {
return WithDeadline (parent, time.Now().Add (timeout))

WithTimeout — BAECEEERA T WithDeadline , f& N[ deadline /& 4uTHf[EMN I timeout HKFAE], 2 IR
L timeout AL SR . a2, WithDeadline  F5ZFHMRLAXTI ] ARG E:

func WithDeadline (parent Context, deadline time.Time) (Context, CancelFunc) {
if cur, ok := parent.Deadline(); ok && cur.Before(deadline) {
/) IR ATk context [f] deadline E-F#5ht . EEMIE—1ATGEH] context.
JRRIE — H T 80T, EshiE cancel R, T HimtdEmE2 B
/T A R A BT 15 p i i ]2 T2 )5, E s cancel %L
return WithCancel (parent)

/) HEE timerCtx

¢ := &timerCtx{
cancelCtx: newCancelCtx (parent),
deadline: deadline,

}
/) HEERIR R
propagateCancel (parent, c)

/i ETPER deadline fHY [E]
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d := time.Until (deadline)
if d <=0 {
/) EEHGH
c. cancel (true, DeadlineExceeded) // deadline has already passed
return c, func() { c.cancel (true, Canceled) }
}
c. mu. Lock ()
defer c.mu. Unlock ()
if c.err == nil {
// d BfE)E, timer & HZNH cancel HKi#l. HzIHH
c. timer = time. AfterFunc(d, func() {
c. cancel (true, DeadlineExceeded)
i3]
}

return c, func() { c.cancel (true, Canceled) }

R B AR BT T R SR RSO R, — B G 1, SAEHBOMAE T R R T AL A B G

A ANRIREILE, WREAE I 71 A deadline HAQTT A BEHE, A U AR AL KU I M 2] H B BGH, A —E X
BOHIRATH 2L BB R0 deadline IRAANEIEM, KO8T mAE deadline B2k 2 it L2 4 ST mBGH T .

XA BAEU R AZ O — A

c. timer = time.AfterFunc(d, func() {
c. cancel (true, DeadlineExceeded)

b
c.timer &7¢ d WA, HAH cancel %, HHALNAS R /Z  DeadlineExceeded

var DeadlineExceeded error = deadlineExceededError {}
type deadlineExceededError struct{}

func (deadlineExceededError) Error () string { return “context deadline exceeded” }

g I 1%
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context &4

Go 1.7 FrifEESIN context, HICiEE” LRI, #ERUEE & goroutine [ 1R3¢, % goroutine B TIRAS . MR, Bl
I7E I

context FZfKAE goroutine 2 [alfLid I R ICE R, A4 BUHE S HBITEE. Bk, kv 2,

W% context WISIN, FRAEAETHIRZ 8 OFE M ET context 24, #lin database/sql 1. context JLFi A T I Kz
R4 b R R UEN:

context.Context KA {I{E AT LAVMAZ A groutine (ARG HAT “BUE "#AE, B 7T DAF s (ExS . BEZERR T2

5 e APLASTT A A AT “ HOH " A E, Fln: BOH— HTTP R EHAT
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context A4 fEH

Go WHIKRGIE G MRS, W ATEIUTAR, B LEEE—4> http server,

£ Go [f) server H, Kk —AME R HB# T4 goroutine W TAE: 4788 Jo3di e S50, A7 S8 F R iRz D3RI

goroutine b I—'l goroutine d I—'l goroutine f
goroutine ¢ I—vl goroutine e |

Request

X126 goroutine & H LTI AN RMILA LI, HIUrEki) token, ALFRERIKE IS ] Cho SR B0 AE PR R 80, 13
SRITT USRI BN R 4848, i SR SO KB IN (R IC,  TXA T e A2 50 AT 1 ) B el L2t iR e
FRORRIN IR TR], 375 R 7 BRSO 1 IR SR GG A 3K, A IEAE NI ME K TAER) goroutine i ZAREHR L, BUVEATH TAE
JRRAHPEFEE T . fEAHSCECH goroutine #RIB HUS,  RGu AT LA RIS S B U

MZV—x1, Go iH 5T server b b — N IREBAL", WAL Y — MR AL B — MR . BIInZENE S5 sy, AR
AR S5 AR ARG, T2 H AR G SR DL AR R ] o R IR IR (R BB M R, S S I T Al 55 [ e 1 R A 2
HlhZ . MIAVEIE, PR EOHFE RGP, 5 R MR, NAE AR, HESBURS AT, EPERNS S
B IR, AR RINRIUATTH, X HER PO JU ik, XN, HEA AN T

FSHi A K PO Z)dibt, JHIL BCE S VE N i A BN R T LB S . B, 45 R iEIE D timeout & 50 ms, fIIR
XM IR AT BN IR B e, BB A 2 i [ — BB B R B, R B N BOAE R . TR
XL CE RN I AR & A http client BCE MBS BN AR, XREAEMRIT. TUEEESHTER (o 4
FEZEmsEi]l 30 AIRRBR®RRA.

context B A T AP LI BT X L [ BRI IT K . fE —41 goroutine Z &L= M. BG5S deadline......

goroutine b

N context| i
goroutine ¢ I—-l goroutine e |

Request contexf

R — 28k, EGo B, IRAVNREEILEAS ML, MR —MSH  channel+select Ukl (HZ{EHR
SEIg SR, Bl —MESRATAE TR Z VMRS, XU FE 2 AR M BOCHE) . FE e /A G HLFN deadline %,
T ELAT AR B G Pl P A channel+select  Hi& LWEFRAL, IXET AT LLIEIL context KsLHl.

context] ontextl

goroutine d goroutine f

—fi)i%: context HIKf#uk goroutine 2 fa]  EH@EM . JUEELE ThEE.
L3I H1Y 250035 context 7ESZhRI5 H e fii i .

context fi R RART 778 . J5ID EFAMRAL T — MR T 25 context 1966 5L
func Background() Context

background J&—/~73 (1) context, ‘EANREHEIGHE, VAT, AN,
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A TR A context, SRHE T PUA R EL B 15 A context:

func WithCancel (parent Context) (ctx Context, cancel CancelFunc)

func WithDeadline (parent Context, deadline time.Time) (Context, CancelFunc)
func WithTimeout (parent Context, timeout time.Duration) (Context, CancelFunc)
func WithValue (parent Context, key, val interface{}) Context

context £7E kBB e %% . H T BAEE MR M cancel % goroutines & HIBUH S S EE JHH Value UL
context F1 M.

HEEFHEEE, T context #H T JLA L.

1. Do not store Contexts inside a struct type; instead, pass a Context explicitly to each function that needs it.
The Context should be the first parameter, typically named ctx.

2. Do not pass a nil Context, even if a function permits it. Pass context.TODO if you are unsure about which
Context to use.

3. Use context Values only for request-scoped data that transits processes and APIs, not for passing optional
parameters to functions.

4. The same Context may be passed to functions running in different goroutines; Contexts are safe for
simultaneous use by multiple goroutines.

R
1. AEL Context ZEF4EMIRE . EHEK Context KR NRBINE —28, i H—B#EdH 4N ctx.
2. ANEHREEN— nil [ context, WIRIRSEEANTIEEA A, PREELRIES L T —/ context: todo.
3. REEAR AR SH LM FE S context 1, context FE6k I RIZ & —Ledb [/ 0 5ds . Hitn. &R session.

cookie %,
4. [fil—4> context flfig &k F|Z 4 goroutine, HI4H.Lr, context &Ik %4,

(PR 6

X Web MR85 smIT o, AR 20— R F R B T R dkeok, IXmtIE# 8T Thread Local (T Go W EEfif 4 A
WREPTAD B, THAE Go i F HOIRH RS, R A e HOR T RN R (L3 context,

package main

import (
“context”
7 fmt”

)

func main() {
ctx := context.Background ()

process (ctx)
ctx = context. WithValue(ctx, “traceld”, “qcrao—2019”)

process (ctx)

func process(ctx context.Context) {
traceld, ok := ctx.Value(“traceld”). (string)

if ok {
fmt. Printf (“process over. trace id=%s\n”, traceld)
} else {

fmt. Printf ("process over. no trace id\n”)
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context H 14 EH

AT 4 R

process over. no trace_id
process over. trace id=qcrao—2019

U process BN, ctx &7 context, HARNUAHIK traceld. =ik, @ik WithValue — BREBIET
—4 context, FHIHK LT  traceld XA key, HZRBLREMH KA N value {H.

HIR, BRI R A HTTP #R 3R Request-ID. FrLL, "RIHIX ARG A] REHIE 7

const requestIDKey int = 0

func WithRequestID(next http.Handler) http.Handler {
return http. HandlerFunc (
func (rw http. ResponseWriter, req *http.Request) {
// M header THEH request—id
reqID := req.Header. Get ("X-Request—ID")
o/ G valueCtx. E/HEHEXHIHE, TEZMKE
ctx := context.WithValue (
req. Context (), requestIDKey, reqlD)

// CIEFHTiER
req = req. WithContext (ctx)

// W HTTP 478k 5
next. ServeHTTP (rw, req)

/) KH request—id
func GetRequestID(ctx context.Context) string {
ctx. Value (requestIDKey). (string)

func Handle (rw http. ResponseWriter, req *http.Request) {
/) ZF reqld, JEiH A LLIE R H &S
reqlD := GetRequestID(req. Context())

func main() {
handler := WithRequestID (http.HandlerFunc (Handle))
http. ListenAndServe (“/”, handler)

BJ¥ goroutine

PAVABIE D3 FTIPARLERAT 800, P R RS SN E, T R BT 1 k. app %l J5 & A0k
websocket #£4#% (Blsgdal g it k)G, EE R, B 1 WE 1 RNTRAE, JFiakgm. ma s
BT, S A 2O s R, R goroutine, AL B,

Je B AT RE A SE LA R -

func Perform() {
for {
calculatePos ()
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sendResul t ()
time. Sleep (time. Second)

R TS BN ThRE, HHAER T context THREMIRTHE N, mIRESIXFAML: B8 In— 8481 bool 45, 7F for
EAIIT A Ab T bool A8 H2 Kl true 784 false, W, N HEH.

L th ot ek, FTRASEBUEEIRRCR, WA L ER IR, JFH - B RESES 72 )h, JFHAMRE, aiR
JRg. DL L, AR E] context.

func Perform(ctx context.Context) {
for {
calculatePos ()
sendResul t ()

select {

case <-ctx.Done():
/) WG, B R A
return

case <-time.After (time. Second) :
// block 1 FL#f

}

TR A BEREIXRE :

ctx, cancel := context.WithTimeout (context.Background(), time.Hour)

go Perform(ctx)

'/ app iR (6] JJE], VEHcancel ER#L

cancel ()

VERE—ANHY, WithTimeOut %0 [ ff) context 1 cancelFun /&40 JF1. context 78 & JF AT BUN BB, AR 5 [
SEUH R RE A2 B, BT context TAFHUHE A ARSI GIME B0 E . BT T context A 1T
£ context.

g1k goroutine i

BTG T- 2L, goroutine ittt 2r H CUT5E, HUFiRAlL, KA 2R L RG R, X E K% " RA context
i, goroutine sttt f6] 1", K EH S TR Lt G At e 1

func gen() <-chan int {
ch := make(chan int)
go func() {
var n int
for {
ch <-n
nt+

time. Sleep (time. Second)

10)

return ch
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AT B RRTE IR A, BRI A F AT 5 AN B A2k E goroutine i

func main() {
for n := range gen() {
fmt. Println(n)
if n == 5 {
break

}

M n == 5 [{iE, HE break #i. A4 gen REUNIMEMRSPATLIRMER, AEALE TR, K4 T goroutine Jliti.
il context B kXM

func gen(ctx context.Context) <-chan int {
ch := make(chan int)
go func() {
var n int
for {
select {
case <—ctx.Done():
return
case ch <- n:
nt++
time. Sleep (time. Second)

}
10)

return ch

}

func main() {
:= context. WithCancel (context. Background())

ctx, cancel :
defer cancel () // #G H A7 &1 cancel, HF LA

for n := range gen(ctx) {
fmt. Println(n)
if n == 5 {
cancel ()
break

Bin—A context, 7t break Wi/l cancel g%, EUH goroutine. gen s37ERRFIBUNE S )5, HEHEL, RGMEILH
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context.Value & fE 2 ERER

context.Value & i F2 2 ERE

type valueCtx struct {
Context
key, val interfacef{}

ESRI T AT

func (c *valueCtx) String() string {
return fmt. Sprintf ("%v. WithValue (%#v, %#v)”, c.Context, c.key, c.val)

}

func (¢ *valueCtx) Value(key interface{}) interface{} {
if c.key == key {
return c.val

}

return c. Context. Value (key)

T B Context fEREZ 7B, BULIUE & Rl T 2 ANJrik, HAhJriddk& H 5 context. (HEA8RZ—A
Context, X/ Go & M—/M¥ .

17 valueCtx HIB%L:

func WithValue (parent Context, key, val interface{}) Context {
if key == nil {
panic (“nil key”)
}
if !reflect. TypeOf (key). Comparable () {
panic (“key is not comparable”)

}

return &valueCtx{parent, key, val}

Xf key BIESRIEATILER, Bz a2t key U context fifE, mLLHZ LA .

JER R R AL # context, BT UK RE TR
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context.Value & fE 2 ERER

background
Context

key3 val3 key5 val5

MEERA Bg, HEREMMR: Context fRIAIE AT A%, BERNFEN F—A7 8. @i WithValue %L, wIRLBIE):)Z
) valueCtx, 77 goroutine 7] LLIL S35 &,

BB SR, Sebr bt AN R AR R

func (¢ *valueCtx) Value(key interface{}) interface{} {
if c.key == key {
return c.val
}

return c. Context. Value (key)

o

B B — B LR, LECH AT S key
RTRERN key, WHE, WEHIRE value. HN, —HIAE context fEAT, HAKRBIRY L (—HE emptyCtx) , H
PRI —A nil. FTCAH Value J5 92 fr g )l 45 S 75 nil.
KR T7 AR B, AL, AT S BRI 7 SR I, 70 AR AT USRI AT AR

WithValue QI context %7 Mt AR SLPR Lol O RER T SRR . AT AU key (T DAHSN, (HElTEHA
AFIH) context T . EARAUEI I, 23 B AR BIEE — AT context T, AR B UG I — AN LT A context.
FrLL, #tk ETWE, M WithValue Mo LonR —MCRCEREES .

WERRRT R, HEAPE XA £ MR, BET IR TR, SROAERITT 215 context HL2E
ANEFAIF) k-v XF, e e 7 .

PRHIRAFAFIEAT AW A 2075 1% TATF A E? ZEEE AR B URZ2W AR context Wi, ZIRMINE, A&
R —ANERD 2 R E BN -

TMIX AR context. Value 2 HIH . R NEWUREAZ@IT context f41H.
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unsafe

unsafe

Goii4l flunsafe.Pointerf 4 X 3l
WfTF Funsafe U BEHRAE R R
A F FHunsafeikBislice&map K
WATSEBL PR B Ry te Y % ¥ D% #
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Goig4t fllunsafe.Pointerf H4 X 5

Gofg4t Allunsafe.Pointerfi {4 X jiil

Go i 5 Mff# 2 — Ken Thompson ths2 Cifi 5HIfE#. P, Go WLIE(E C RifH, CHRZRHEAA C AL fHEH
ARz —,

SR, Go ifi F MR ATEL C MR AR Z IRM) . RN 1 %48, ERNEE Java/Python LI =, AR 7
e, WA afed GXERERRE R 2 EHBE C/CH+ EFHEREF i H OB bR, Frx T Go Kit, H15
FHOZMAE T, MU EHRZRE.

LT CIEF R R, Go IMEEN 2 7 —Le il HIXMBHZ Go MRIIZAb: RS L2 fae T R IR, S G 1
BEFH BRI

PR ) — Go HITREHANRERETHUHIE

HKE AT

=5
p := &a
pt+
p=¢&a+3

LI AR AN B g 1, IR AR R invalid operation , RLEURAREN fEEHMEFIE5.

P = AR PR B AN BEAT LA
B8 T AN AR ] 5

func main() {
a := int (100)
var f *float64

f = &a

AR G R
cannot use &a (type *int) as type *float64 in assignment

P ) = AR IRE A BRI == 2 1= B

RALEAS TR A R 2 vl DU L s o0 N, A P A PIE AT LE . s, fegtwblEd = M 1= =
A nil  fEHEL

BRAIDE: | AR A S A A TR
R

unsafe.Pointer 7f unsafe fi:

type ArbitraryType int

type Pointer *ArbitraryType
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Gofg4lfllunsafe.Pointerfy H4 X 5

UNCEDS R Arbitrary  JEAERMEE, WY Pointer AR AT ERY, Sifr Be Rt CiEE B

void*

unsafe AEEALT 2 SMEEMGE

1. fETEA I FR4H AT unsafe.Pointer 7] DUAR HL 444
2. uintptr Z4RUA1 unsafe.Pointer w] DLAR 454,

i adi

pointer RNREEERATHCFIE S, HAT B E S uintptr, XF uintptr Z8HBHTHCEHEE, i #UR pointer 287,

// uintptr R—MEHESEM, ERBK, W LT

type uintptr uintptr

H B ERE, uintptr HFEE AR X, SRR intptr BrIg RN 248 gc BiE . 1 unsafe.Pointer
FHEHE S TR E BrR 1 R R BN 2 il 3 Rl

unsafe LA BB AR g PEII I IAT 52 5, ERTE, S PR ael A7 2 OO B34 AR Tl . AE

/usr/local/go/src/cmd/compile/internal/ge/unsafe. go BTN, AILUE R Go X unsafe 4 A bg $ i Ak
,
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wnfaF Hunsafetl & i i A /% i

A FHunsafefu & il A Bl 5

XA ga ik, R offset sHO] DRSS A I IRAS &L, HEMTHRIBUR R F bk, 525 2k A7, vl DL B2
BGAERTH

KA AWK SR S — BIESEINAT, SR IHIE G2 158 — A s it ik

PATRAE B 7

package main

import (
”fmt”
“unsafe”
)

type Programmer struct {
name string
language string

}
func main() {
p := Programmer{”stefno”, “go”}

fmt. Println (p)

name := (kstring) (unsafe.Pointer (&p))
sname = “qcrao”

lang := (kstring) (unsafe. Pointer (uintptr (unsafe. Pointer (&p)) + unsafe. Offsetof (p. language)))
*lang = “Golang”

fmt. Print1ln (p)

=

BT,

{stefno go}
{qcrao Golang}

name &AM EE — /N bt, BRILAT DL &p RHTHL *string. iX— i, TERTTHIREL map 11 count by, A2 [E
FER R

X AR R R, BER JpiiaT Bl unsafe.Pointer BB IIME 1.

A Programmer Z5ARTESL, 2 N— B

type Programmer struct {
name string
age int
language string

IFHRAEHAR L, SRR main BB, ER SRR A R AR, AREEEBE . (AREE unsafe.Sizeof() kKT
PAFRIUSR AN, #E TS R Rk, BB A
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func main() {
p := Programmer{”stefno”, 18, “go”}
fmt. Println (p)
lang := (*string) (unsafe.Pointer (uintptr (unsafe. Pointer (&p)) + unsafe.Sizeof (int(0)) + unsafe.Sizeof (stri
ng(""))))

*lang = “Golang”

fmt. Println(p)
g

{stefno 18 go}
{stefno 18 Golang}
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wfr i FHunsafesikitslice&map K &

a{a F H unsafeskBtslice&map il K &

FKE slice K&
M AT T slice i, FAEE T slice header 45 # R E L.

// runtime/slice. go

type slice struct {

array unsafe.Pointer // JzZ& 15%f
len int // K/Z
cap int // &F&

WH make HREGHTE A slice, JRZHARIZ makeslice %, RIEHR slice 4ik:
func makeslice(et * type, len, cap int) slice
AT LLIE Y unsafe.Pointer A uintptr #ET#: 4, 53 slice K7 B .

func main() {
s := make([]int, 9, 20)
var Len = *(xint) (unsafe. Pointer (uintptr (unsafe. Pointer (&s)) + uintptr(8)))
fmt. Println(Len, len(s)) // 9 9

var Cap = *(kint) (unsafe. Pointer (uintptr (unsafe. Pointer (&s)) + uintptr(16)))
fmt. Println(Cap, cap(s)) // 20 20

Len, cap FIEH AR :

Len: &s => pointer => uintptr => pointer => *int => int
Cap: &s => pointer => uintptr => pointer => *int => int

K map KE

FRAE — T ERSCERATIRI map:

type hmap struct {

count int
flags uint8
B uint8

noverflow uintl6
hash0 uint32

buckets unsafe. Pointer
oldbuckets unsafe. Pointer

nevacuate uintptr

extra *mapextra
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wfr R FHunsafeidkitslice&mapi K &

Al slice EIMSE, makemap ¥R EIF)E hmap FIFEEr, EEETRE:
func makemap (t *maptype, hint int64, h *hmap, bucket unsafe.Pointer) *hmap
AR REE L unsafe.Pointer il uintptr #4754, 193] hamp B IME, WA, IAE count Bk —gdRE T -

func main() {

mp := make (map[string]int)
mp[”qcrao”] = 100
mp[”stefno”] = 18

count := %k (kkint) (unsafe. Pointer (&mp))
fmt. Println(count, len(mp)) // 2 2

count [t 72

&mp => pointer => #*kint => int
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WA SR R Ry te Ul v ) 245 DU e

A0 ] SEIL 15 Ef by te ) Fr i 45 DL 46

RN EEE R . SSILE R R R bytes DI 2 (A4, ZEsRi2 zero—copy o M, —MEMGE, #F IR

iR e bytes D)f, HEBAIRE.

SEROXAMESS, AT T fi# slice FI string ARt 4544 -

type StringHeader struct {
Data uintptr
Len int

}

type SliceHeader struct {
Data uintptr
Len int
Cap int

TR RS RISk, #84%: src/reflect/value.go. R TRZEILZE)KZE Data Al Len #in] DL

func string2bytes(s string) [Ibyte {
return * (k[]byte) (unsafe. Pointer (&s))

}

func bytes2string(b []byte) stringf
return * (*string) (unsafe. Pointer (&b))

}

JRHE bR R B, A LRI, AMETEARRE .
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goroutine i %%

goroutine HE %%

g0 1RATH PRI
goroutine W& H
goroutine AE I H A WL
goroutine RZRREK X 7
GPM EA+4

M TR TR

mian gorutine m/TAJE
schedule 75 3)
schedule ¥ mEH
sysmon 5 & LR H T H4
— AN BEAR S B B

f+4 & go shceduler
4 RM:NAER

f+4 Rworkstealing

#3R scheduler K¥iEERE
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g0 Hefay F - Hen far ) #t

g0 AT A AR an {7 46

L—¥FJkE5E T main goroutine FIEA:, EARE A, HL g0, CEHE AT . A, ROVEEEEEIEA
goroutine, ‘B4 EIEHATH S,

g0 B THATHEE SRS, PATEZ )G, BB BT AR A )y, AnfRT Bk 2 J v e 95 K B AN B AT g 1 V)
oo BHIE, & ECR AR R R BRI HE CPU 2R 78S DI goroutine  [YJHLAILZERL,

MeE procl  RRBUNAE. PIEA —BOREIST RN, THEHRAR B0 0, BtE B LI SP AL
B, BT

/) BEB N E
spArg := sp

ZHAS LB W SP AT, Wil

/) FESHEMPAT newproc mREHIHEH TWFH & HIEE
memmove (unsafe. Pointer (spArg), unsafe.Pointer(argp), uintptr(narg))

B fn IS EN g0 A& _L#5 ULF] newg FIHE L, memmove LT Z M4 NJEHLLE. H bk, S805/0. BT main BEEX
HEBESHHFEED, KRIX B S T4,

B, VIt newg IS AT B, T EHY R B EEN pc, sp LB

/7 # newg. sched ZEFIIKRER 3 19T 1 1K R By 0
memclrNoHeapPointers (unsafe. Pointer (&newg. sched), unsafe. Sizeof (newg. sched))

'/ % & newg HJ sched &R, 1H/ZAs i BNFEXLFE A GEN goroutine H/ZEF] CPU Fi&{T
newg. sched. sp = sp
newg. stktopsp = sp
// newg. sched. pc i~ newg e iEREAISAT I XA HBETFIEHATHE S
newg. sched. pc = funcPC(goexit) + sys.PCQuantum // +PCQuantum so that previous instruction is in same function
newg. sched. g = guintptr (unsafe. Pointer (newg))
gostartcallfn (&newg. sched, fn)
newg. gopc = callerpc

/ % E newg M startpc A fn. fn, 1ZkA 3 FERECRFA traceback FIFHE

// newg ELIEMHFETFLERAT H AR TIX Nk "7, 7742 sched. pe
newg. startpc = fn. fn
if g .mcurg != nil {

newg. labels = g .m. curg. labels

}

Bk, memc 1 rNoHeapPointers ¥ newg.sched MW FAHEE. B3, WHE sched ) sp FB, 4 goroutine #ii&
F m LT, TEIEY sp FEORIE SR S, X BB e Ik R TALE .

R —ATHRT

// newg. sched. pc #~n2 newg LR EAIE T M XML TFL6H 47154
newg. sched. pc = funcPC(goexit) + sys.PCQuantum // +PCQuantum so that previous instruction is in same function

P

WH  pe  TFEARE  goexit  [MHbhEIN 1, tHUR goexit BRI 4IRS goexit  FREL
goroutine  IBHJEM—EEHE TAE. A AER, XETTUW? BELEE.

newg. sched. g = guintptr (unsafe. Pointer (newg))
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WE g TBONnewg ftihk. Jf—f), sched Jt g S5HRRI ARG EARSWAE ADNEEE, RAATEEE. 23

—

type gobuf struct {
/) AENE rsp @A EITE
sp  uintptr
/) TEE rip AFLEASHIE
pc  uintptr
// 18[A] goroutine
g guintptr
ctxt unsafe. Pointer // this has to be a pointer so that gc scans it
/) RAER G 18 [FlE
ret sys.Uintreg
lr  uintptr
bp uintptr // for GOEXPERIMENT=framepointer

BRI REAR R E L, WL ZATN A 2R E pe TR, I gostartcallfn

gostartcal 1fn (&newg. sched, fn) //Yf#Esched i i Alinewg ik

1\ newg.sched il fn.

func gostartcallfn(gobuf *gobuf, fv *funcval) {

var fn unsafe.Pointer

if fv != nil {
// fn: gorotine HIAIHEAE, HIZGHERIXI N HIAZ runtime. main
fn = unsafe. Pointer (fv. fn)

} else {
fn = unsafe. Pointer (funcPC (nilfunc))

}

gostartcall (gobuf, fn, unsafe.Pointer (fv))

func gostartcall (buf *gobuf, fn, ctxt unsafe.Pointer) {
// newg [9FeIH, HET newg # NG fn BREHIZSH, sp 15092 fn B —=4
sp := buf. sp

/IR a7 R A (]
sp —= sys. PtrSize
/) X HEIERAZ newprocl BREHIEZEL goexit ERELTE —KHES

/) e fn B goexit ERELVEANG, (E7F fn HATE/GIRIEIE] goexit HMEEHAT, Mili s lig T NE

% (kuintptr) (unsafe. Pointer (sp)) = buf. pc

/) BEHFEE buf. sp

buf.sp = sp

// 24 goroutine HVHERERHATI, SMXER] pc EHITLERAT, #GIERTFLIAZ runtime. main
buf. pc = uintptr (fn)

buf. ctxt = ctxt

¥ gostartcallfn — HEPREH THEE funcval SRk B IR EFRE, HilksM  gostartcall

ANT —AREMALE, XRLRIR AL A . SRR BT buf.pc A TN AL E -

% (kuintptr) (unsafe. Pointer (sp)) = buf. pc
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g0 HefaT F - e n fa ) #

JEok buf.pc WM T —AMda T, fftall. SEHikE buf.sp Nk — M B2 R, WE buf.pc kv fn, fBHZE
PATHIR S, X BEETRD runtime.main %

PURE, X AR (R . 2 JE, 4 RSO I goroutine I, HUH buf.sp F buf.pc, k5 CPU AHRIffI 2 £ 5%, HinS
PLkgi ! goroutine HIIEATH .

1M goexit BHCIE “ iy K3k F "4 B CROHhL 384T "B newg MIERTI, A% H O A ER: & goroutine #1475
ZJa, MELLTE - LEE TR, AR BT, XU goexit BEUR AT, BB LRI TR,

% H 5 newg.sched X7, AR AT LLTE—25:

AN sched.pc

™ sched.sp

g := getg()
/

- SICI e
4 \
B | : \
#® / i \
- - ~
| N I
e | .
...... \ e
] | / { \
] T [ AN \
) — stack.hi \ i | ~ ‘
_—— stacklo L\ tis[1] }‘ — m ‘
- \ |
- _—— stackguard1 \ ! tis[O; |
(64k - 104) B o g \_ ol i /
/)~ ___ stackguard0 — g0 i )
Y / / /
«// m T allink | e
) -
_____________ "1 // src/runtime/asm_amd64.s
............ e \\ 2 // The top-most function running on a goroutine
| m \ 3 // returns to goexit+PCQuantum.
| \, 4 TEXT runtime-goexit(SB),NOSPLIT,$0-0
| 5 BYTE  sex90 /NP __
b 6 CALL _ Truntime’goexit1{SB) // does not return]
! . 7 77 fracéback Trom goexitT must Bit code range of goexit
- //,,/_/7 stack.hi 8 BYTE $0x90  // NOP
le -
funcPC(goexit)+1 ————/j:/*, stack.lo
€= (\ stackguard1
® | stackguard0 "1 // src/runtime/proc.go
"""""" | < 2 // The main goroutine.
2KB /// S m 3 func main() {
- 4
5
6

-

PREL EROHEDERSATRE, SAX IS Bt T sched.sp
M ESY, 4

FEH, newg ¥t T sched.pc #§1f  runtime. main
a1 7 newg ARINLE, [N, newg BTN E N A& — Bk AL, FE
goroutine B HI, XAHLESE A CPU (¥ PC Zf7as, Bhis X BT H)R" T1E.

runtime. goexit

ZJ5, # newg HPIRAECH runnable, % # goroutine ] id:

/) RE g HIKAA  Grunnable, HILIEAT T
casgstatus (newg, Gdead, Grunnable)
newg. goid = int64( p . goidcache)

FAS P SRkt (164 i id, &I newproc ii#, #ifild—> goroutine, id fin 1. Ktk g0 1 id /& 0, 1M
main goroutine 1 id /& 1.

newg  MPRAEZBRATHATG (Runnable) , ol DL EIIANE] P IAHIZITRASIEL, “E4FE. BTLL, goroutine fiHf
BeAAT, HPRIMPUEAR T . KRB

/NG A p B FRE (T
rungput (_ p , newg, true)

// rungput i g MEIARM AT HATIASIE

/) WIR next M, rungput K g FEINERIE TS0 EHE
/) W next KE, rungput 4§ g MSWIE] p. runnext FE
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// WIHE run queue J#% T, runnext J& g WEI% /55 H

// runnext JKATHI goroutine LML H/EREAIEST

if next {
retryNext:
oldnext := p_.runnext
if ! p_.runnext.cas(oldnext, guintptr(unsafe.Pointer(gp))) {
/) AHELGFEEERSE runnext R, #HEHI
goto retryNext

1
// ZH) runnext A nil, NHET
if oldnext == 0 {
return
1

/) fEZ il runnext BEIE#RE] rung F
/) JEARFZILAE runnext [ gp XA runq [FJEFE
gp = oldnext. ptr()

}

retry:
h := atomic.Load(& p_.runghead) // load-acquire, synchronize with consumers
t := p .runqtail

/AR P AR A S G A BL
if t-h < uint32(len( p .rung)) {
_p_.runq[t%uint32(len( p .runq))]. set(gp)
/S BFEA
atomic. Store(& p_.runqtail, t+l) // store—release, makes the item available for consumption
return
}
// AE{TASIE 0% T, AL /GF T
if rungputslow( p , gp, h, t) {
return

' the queue is not full, now the put above must succeed

RTINS, IR A A%, Fid—

/L

goto retry

rungput  BREUN EEAEHEUEROBT AU goroutine IAE] P I RIEAT RS, WIRAHIBAS I 1, WA S 42 R mlisty
BT, BIPIASECEITER, 558 next  MIMEHIR, HEh true I, 20K newg MIAZ] P runnext 2B,
HA st Ko TEE a4 goroutine 41T .

Jets P2 runnext IR, BB AR THRIE cas RIS runnext BB E K newg,  F R AR AR TE [N
&2 runnext FE.

WEWINZ G, 24T newg “Hri” THERZMAT runnext 1) goroutine, A NIEELT, eliidf AU, ARSI
ATX5H]?

R SIELE retry ARBSBC R HAT . St head , tail len(_p_. runq) ST EA 15 El, v
Wi, W ERES BIAFIREEE, RS MBS % .

// store-release, makes it available for consumption
atomic. Store (& p .runqtail, t+1)

AR T EAESA runtail, PrikgaiFasfl CPU R4 HHE, PRI E—ATfURDXT rung MIEECAAETEIZEL rungtail 224, JF
FLORIIE 2 1 e Rt A1 RS TS B R S RV AT L
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al
=

WA G T, Ba R ek B newg INEI&RATgr s 7. A rungputslow(p, gp, h, t)

/g Al p ARSI —3F goroutine A JFIAF.

/I ZEZRIREE, Brel &g

func rungputslow( p *p, gp *g, h, t uint32) bool {
var batch [len( p .rung)/2 + 1]*g

// First, grab a batch from local queue.
n:=t-h
n=n/2
if n != uint32(len( p .runq)/2) {
throw(“rungputslow: queue is not full”)
}
for i := uint32(0); i < n; i++ {
batch[i] = p .runq[ (h+i)%uint32(len( p .runq))].ptr(

}

/) UIR cas HEIERIL, UHIARHBAZIANE T, E#ERE]

if !atomic.Cas(& p_.runghead, h, h+n) { // cas—release, commits consume
return false

1

batch[n] = gp

// Link the goroutines.
/) EIFIEITAGR— MR, X EENPTE T EIN £ FIE TSI & FEEER,
/IR, TR, TETPERE
for i := uint32(0); i < n; i++ {
batch[i]. schedlink. set (batch[i+1])

// Now put the batch on global queue.

lock (&sched. lock)

globrungputbatch (batch[0], batch[n], int32(n+l))
unlock (&sched. lock)

return true

e P AN S B A 1) goroutine SIAF]— M Edld, B4LKEHN  len(p .rung)/2 + 1, W& rung B9—Fhnk

newg.

A, ¥ rung L EBTTAEIRT 2 goroutine 12 bacth ¥4, #AJa, R THRIE2 B P BTk, BONHBLT
—> goroutine, fiTbA head # ) f5#2) 1/2 M. WAASKRI, B rung AR\ B HAB 2R RS T, DRI s T 11
PEAEMASHEAT T, BR[N] false, or newg A INIER .

batch[n] = gp

¥ newg A SR InFIE A .

SR batch LR KT g HREER:

for i := uint32(0); i < n; i++ {
batch[i]. schedlink. set (batch[i+1])
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schedlink schedlink schedlink schedlink

BJa, BRERB MBI ERTIH . B TEIENL2RG, FI IR, FOFEAEES, UM S s . XA iz
ATNFIFLER S A . A globrungputbatch (batch[0], batch[n], int32(n+1))

// Put a batch of runnable goroutines on the global runnable queue.
// Sched must be locked.
func globrungputbatch(ghead *g, gtail *g, n int32) {
gtail. schedlink = 0
if sched. runqtail != 0 {
sched. runqtail. ptr(). schedlink. set (ghead)
} else {
sched. runghead. set (ghead)
}
sched. runqtail. set (gtail)
sched. rungsize += n

WRAJHHIBAGIE  sched. runqtail — ANZ, W EH HAN AT AR BRI FE S Sk AH IR, SIS A R iE AT s T, A6
Tt LN BT AR A 5 Sk 1 B #1 sched.runghead.

h, FREGFIRE, ¥ rungsize.
BB e

——

*runqtail

*runghead

schedlink schedlink schedlink schedlink

A rungput  RREL WK newg RINENAJRBAAIRIE T, SHIAHASIFEIE AR R A T AR, SO T AL E AT AR
fnnewg, HILEIK retry RESEL. BATLATLUEI, P AW AIZ4T AN 256, B2 — MBS, Rk 2 H g
JAF 256 4> goroutine.

RNAR SO A FHIIR 175, BT newg BEINAON pO AL TS 4T A, S5 1A

HERATRIE e E R
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&argv |
argc i
...... !
] L e
SP | | | ‘
stack.lo 5 tis[1] | m
_ stackguard1 & is[0] ! runql0]
| |
90 |

m — alllink ////
p

\
\

g 1 // src/runtime/asm_amd64.s
.......... s \\ 2 // The top-most function running on a goroutine
! \ 3 // returns to goexit+PCQuantum.
| N\, 4 TEXT runtime-goexit(SB),NOSPLIT,$0-0
| 5 BYTE  sex90 _//NoP __ -~ _
P 6 [ CALL__ runtime goexitilSB) // Goes not_refum ]
/ . 7 77 tracéback from goexitT must Pit code range of goexit
e = 8 BYTE  $0x90  // NOP
funcPC(goexity+1  — — %r stack.lo
stackguard1
* \ stackguard0 "1 // src/runtime/proc.go
"""""" >\// 2 // The main goroutine.
2KB . m ‘—0 3 func main() {
T sched.pc 4 g := getg()
™ 5 Y7 —
N sched.sp 6 3

SEBH

[R5k Goif = ME R 2 A& main 1 https:/mp.weixin.qg.com/s/8eJm5hjwKXya85VnT4y8Cw
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goroutine f{AiE H!

goroutine #{iiE H

YRR I EE AR main goroutine HE FEE G, NERILF THER, JFAEHAT  runtime. main

main goroutine LAl goroutine MAAT F5E H A L.

// The main goroutine.

func main() {
// g = main goroutine, i g0 T
g := getg()

if sys.PtrSize == 8 {
maxstacksize = 1000000000
} else {
maxstacksize = 250000000

// Allow newproc to start new Ms.

mainStarted = true

systemstack (func () {
/) GBI IS, IZFEM L Tl E s, PR p KR iE 1T
newm (sysmon, nil)

b
lock0SThread ()

if g.om != &m0 {
throw(“runtime. main not on m0”)

// Vi runtime CFIRIIETEEREL,  HIG0E L
runtime_init() // must be before defer
if nanotime() == 0 {

throw(“nanotime returning zero”)

// Defer unlock so that runtime.Goexit during init does the unlock too.
needUnlock := true
defer func() {
if needUnlock {
unlockOSThread ()

10)

// Record when the world started. Must be after runtime init

/ because nanotime on some platforms depends on startNano.

runtimeInitTime = nanotime ()

/T BEIR [ A%
gcenable ()

main init done = make (chan bool)

// main CHTPIEELE, AT HEANT import BRI AT FEL

fn := main_init
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fn()

close(main init done)

needUnlock = false

unlockOSThread ()

// VM main. main R

fn = main main

fn()

if raceenabled f{
racefini ()

}

/) BARGVH, BHHFE, ATEIEH main goroutine FFARIRE, [AEFZEHNRLZ VHIEHHBFET
exit (0)
/) RPECES, QIR exit BSFMRE, THEAICIEE L ZHFE crash JEH
for {
var x *int32
*x = 0

main FREC TR A R
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Bl e e mIzEiE sysmon

runtime E1#JIE1Y,

main B#JIa1t

HATRF main RZL

(iEJFH exit 1B )

MIFFEE AT &1, main goroutine $UAT 58 2 J i EL 1218 exit(0)  IBHT, XSSFEUEANMEEE, KHET.

i, main goroutine sfr Lt AREH 1 main B, EEPATE T, HEaHPMESERITE T, EHHE TR
T, AEA AL goroutine BHATIE, [AIRESTEIHHEL.

package main
import ”fmt”
func main()

go func() {fmt.Println("hello qcrao.com”)} ()
}

XA FH, main gorutine JBHIEY, ERAKIAT  go HE MEH, BMEMERER T, TEIEAASHIT.
Ht, main goroutine A% F A goroutine $AT 5 PR, FTERXAA I B — L%, toln BTl 7 .
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XK, OFTTRE BRI SE, RATERT G goroutine MM R, B TANMIORH", KRR KL E T goroutine iB H
I I 1% Bk 2 runtime. goexit RS, BARXSAHT, WAEH?

[l —F P A 2R, BEEE R main B0 AT A

// #% sched. pc {EIEN BX ZF1F#s

MOVQ gobuf_pc (BX), BX

// JMP 2 BX #FIFASHIE S BIHBHETAA CPU [ IP #17#%, T72, CPU BIEZ[iZHHl- 4 #7155
JMP BX

B T — A, A/ CALL B4, T runtime.main RECPESAA  RET  REIFE4S. FTEL,
main goroutine HUT5E/E, EAEHA exit(0) BB,

TR 2 A b iy R A H AT S 2 AT X244 EE main goroutine EEAEA
Z2& gkl [R5k JE goroutine (1B H Y A Al T HIGIE T 9F main goroutine fIRH, BRG] LA PR S — i .
14k 8452 main goroutine (5 XCERATEEFR gp 44 7)) BRI,

gp  PUTTE)E, RET 545 goexit  BREUMbbE (s2FR L2 funcPC(goexit)+1) , CPU BEH % goexit
MR35 26 4R 2 AR ER AT

// src/runtime/asm amd64. s

// The top—most function running on a goroutine
'/ returns to goexit+PCQuantum.
TEXT runtime ¢ goexit (SB), NOSPLIT, $0-0
BYTE $0x90 // NOP
CALL runtime * goexitl (SB) // does not return
'/ traceback from goexitl must hit code range of goexit
BYTE $0x90 // NOP

BEEAH runtime * goexitl

// src/runtime/proc. go

’/ Finishes execution of the current goroutine.

mcall (goexit0)

14 H mcall PR

// DIBE] g0 #%, $AT fn(g)

// Fn SGER E]

TEXT runtime * mcall(SB), NOSPLIT, $0-8
/) RS HHIETLN DI 271775, EA2 funcval XREGIEER, UEG=H fn. fn &2 goexitO HIHLAE
MOVQ  fn+0(FP), DI

get tls(CX)

/AN = g

MOVQ g(CX), AX // save state in g->sched
// meall iR [E[HBECA BX

MOVQ 0(SP), BX // caller’s PC

// g.sched. pc = BX, {R#F g l9 PC

MOVQ BX, (g sched+gobuf pc) (AX)

LEAQ fn+0 (FP), BX // caller’s SP
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/) RAF g 19 SP

MOVQ  BX, (g sched+gobuf sp) (AX)
MOVQ  AX, (g sched+gobuf g) (AX)
MOVQ  BP, (g sched+gobuf bp) (AX)

// switch to m—>g0 & its stack, call fn
MOVQ g(CX), BX
MOVQ g m(BX), BX

// SI = g0

MOVQ m g0 (BX), SI

CMPQ SI, AX // if g == m~>g0 call badmcall
INE 3(PC)

MOVQ $runtime * badmcall (SB), AX

JMP AX

/) I g0 gk % B FLG FEAR 77 1

MOVQ SI, ¢CX) // g =m>g0

/Mg BIEROIBRE] T g0 [HIEED

MOVQ (g_sched+gobuf_sp) (SI), SP // sp = m—>g0->sched. sp
/) AX = g, AN

PUSHQ  AX

MOVQ DI, DX

// DI ZZERIE funcval SEGIXTREGISER, BEHIGE — 1R AT Z goexitO HIHELL
/) BRI A E] DI a7 #%

MovQ  0(pI), DI

// 1 goexit0(g)

CALL DI

POPQ AX

MOVQ $runtime * badmcall2 (SB), AX
JMP AX

RET

type funcval struct f{
fn uintptr

// variable—size, fn—specific data here

FB fn wiEos goexitO sk
L5 K ek $ S HiA7 5 DI w4748, iXH fn.fn w2 goexitO ik,

L7 % tls {RA75) CX 21785, L9 ¥ 4pi4FE45 % goroutine (JF main goroutine, FJy gp) {R1EE] AX Zifiss, L11
KA GRA mcall D AR, X B mcall SERUR R EIMIE, £ BX ZF17#%.

L13 ¥ mcall (iR Akl #7728 gp () g.sched.pc 7B, L14 ¥ gp kT, kit SP #1738 BX % 77#%, L16 K SP {4
1% gp 17 g.sched.sp 7B, L17 ¥ g {45 gp 1 g.sched.g ‘7B, L18 ¥ BP {4 ¥ gp ¥ g.sched.bp FE. X—
BB Z AT gp MR R

L21 K 4ATHR I g (RAFF] BX %4248, L22 % g.m TR BX % /4, L23 % g.m.g0 FERAFH] SI. g.m.g0 ik
LT TAFZRER g0,

WAE, Sl =90, AX =gp, L25 Hlk gp &2 g0, Wi gp == g0 HMA M, 47 runtime-badmcall. EF1EN
N, PCAiIN 3, Beid NHEIFIFISKIES, HiEFIL L30.

L30 K g0 fyHubik v B B LA A AE 4, L32 #5 g0.SP B E | CPU (¥ SP 7 /7 s, Xt mukas AT gp HeUI#:3] 1 g0
ftk, ZAER T
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L34 K24 gp Ak, NiIH goexitO #iEZ 4. L35 ¥ DI 7 AR R E S| DX Zif7 4, DI 2458 funcval 524
FINIREL, B — N2 goexitO [Hihl. L36 L DI 25 —ibt, Wi goexitO sl .

L40 i/l goexitO mi%, XCARAE g0 M EIUT 7, RESHUIE gp.

FIXH, Hie 3T goexitO AL, JFEE, XHEAGEIALIRE ., FrLl, & CALL 54 Jq1H, wmFRE T, MR
runtime. badmcall?2 PR A EE R AME L

K4k B:E goexitO:

// goexit continuation on g0
/T g0 AT

func goexit0(gp *g) {

g := getg()

casgstatus(gp, Grunning, Gdead)
if isSystemGoroutine (gp) {
atomic. Xadd (&sched. ngsys, —1)

) IEE gp LT E

gp.m = nil

gp. lockedm = nil

_g .m lockedg = nil

gp. paniconfault = false

gp. defer = nil // should be true already but just in case.

gp. panic = nil // non-nil for Goexit during panic. points at stack-allocated data.

gp. writebuf = nil
gp. waitreason = 7”7
gp. param = nil
gp. labels = nil

gp. timer = nil

// Note that gp’s stack scan is now “valid” because it has no

/ stack.
gp. gescanvalid = true
/e 5 m BIRA
dropg ()

if g .m locked&” LockExternal != 0 {
print (“invalid m—>locked = 7, g .m. locked, “\n”)
throw (“internal lockOSThread error”)

}

g .m locked = 0

/) W g A free BAFIZE17EEHK

gfput (g .m. p.ptr(), gp)

schedule ()

T S R I B A

1 48 g FPRSMN _Grunning  FHAN  _Gdead

2. T g M—8F B

3. A dropg EEfEkE g f1 m 2Kk &R, Ho 2% E g->m = nil, m->currg = nil;
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4. 4C g A p [ freeg BABIZEAFAZA AL TR G g I ARSI A A BL. freeg Bkt g AI—ANxF Gtl;

5. #H schedule pREHXIEATIHEE .
FIXH, gp Mrem eI LAy, TR EIR, #EA T goroutine ZE4A, A R UA TS EHTE .
I TARLAE, X4k H schedule BBEATH —40ROMEE, BRI 7 —MEH.
H45—"F, main goroutine f1¥if goroutine fiE HidF2:
¥ main goroutine, 7EHATIER T E X main BEFIATA RIS, BB exit(0) 1B HEA IR, dEEHHiE.
XbF3l goroutine MIEIX A “EGFR”, THELNI— RANEFE. SE2WhEE BIFE AT B B 1410 goexit BMEUNSH — 4154, AR5
F runtime.goexitl, #HWA  meall (goexit0) , 1 mcall BES VI3 g0 #%, 1217 goexitO H%L, HHE

goroutine LB, JREHMINE] goroutine /7 B, SAJE#EN schedule HENGIF. FXE, i@ goroutine 4%
56 A -

ZERR

(B sk 4 main goroutine KB 1 X EEEIA] https://mp.weixin.qq.com/s/XttP9q7-PO7VXhskaBzGgA
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goroutine i EERS LA WELt

goroutine 1R ALA WRLL

EVFETZ T, goroutine AlRES RAEEE, (HWIFA—E KA, Hi2i Go scheduler HHLE T .

it

81 B
go

GC

Y8

P AE R V1]

i

go B —4NHiY goroutine, Go scheduler 2% fEifH &

- F#47 GC [ goroutine 3 EAE M _LigfT,

Rt HESRAERE. 245, Go scheduler 2 AR 22 HAR I I B2,
i AN B B HE T 1) ) goroutine SKiziT. GC A&k ENTE,
ROt ERRAE

4 goroutine #ATRG AR, SBH%E M, FrileapiifEE,
A I — N goroutine ik i |k

atomic, mutex, channel #1EZ£1# goroutine %,
Rl 2B R . SR E ) (Flan At goroutine fig8l 1)
U AT R it S e
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goroutinefIZEFE [ X 5]

%% goroutine, GATF—AMEME: ©M thread A4 X?

2%k [How Goroutines Work] 5 VRFRATIT LA =AM RO AAEHFE. GV 5858, D).
o WAFH

@i —14 goroutine MR AATHFEN 2 KB, SEbrigfrid iy, RSN AEH, SAasEHMTY 2. ld— thread 72
WA 1 MB A7, i HiSFE AR A “a guard page” BIIX T M HAL thread k%S 6347 6 5

XF A Go My HTTP Server M5, X EPRIGEAGER, Q1> goroutine HISRAEBRARF BIAR)—FF . TR

F—AME LR R o R JFAE IE S M MRS, Bl Java KL, BEANE SR B —AMRFEMAIR P BHR 7, Rk OOM
% (OutOfMermoryError) .

o QA

Thread GIEEAIEH SR AT BRI, UNEANEAE RGHTAE, RNIZHIN, 8RR INER L. 1 goroutine
K& Go runtime i sUE B, QUELAIETSAOARIET D, 2.

o Uik

2 threads VJny, &ERAFRFIAAES:, DR RIKE

16 general purpose registers, PC (Program Counter), SP (Stack Pointer), segment registers, 16 XMM
registers, FP coprocessor state, 16 AVX registers, all MSRs etc.

i goroutines )i H {412 =217 %s: Program Counter, Stack Pointer and BP.

— R, ARV FE 1000-1500 440, — AR DAT 12-18 44, PrCh i T2, JATinemstis
J&/> 12000-18000.

Goroutine [K)#:4179 200 ns, AH2%47F 2400-3600 4454,

KL, goroutines VALl threads Z/ G % .
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GPM Zft4

GPM ZEH4

G. P. M52 Go HESK =ML 0t &al K. AelUEE ST, Go WERSUENISH, Xig Go RIS &
FFRMNAEZN )0 A RIRFRLERA DRSS GPM Y,

JE G, W goroutine ME FEE, FE{R{F goroutine F—LIRZS(EE LKL CPU M—SL25 /238 ME, 40 IP %4788, DME
1E# FA goroutine $UATHT, CPU SHil B MM — 5 15 4 AL FF OG0T -

24 goroutine i & CPU B, & 15T CPU S5/ IEMRIFIE g W RN ATREZ T,

3 goroutine YHELEAISATIN, W NATHE g MR IAZEFTRAT M AP EHEKE 2] CPU 10551745 .

ARIE A AR 1.9.2, KE—T g HY¥EMY:

type g struct {

// goroutine {EHHIF%E

stack stack // offset known to runtime/cgo
/) TR KA it 2, 16 hnE

stackguard0 uintptr // offset known to liblink
stackguardl uintptr // offset known to 1iblink

_panic *_panic // innermost panic — offset known to 1iblink

_defer % _defer // innermost defer

/) RS & BEH m

m *m // current m; offset known to arm 1iblink

// goroutine HIiE{THY%

sched gobuf

syscallsp uintptr // if status==Gsyscall, syscallsp = sched. sp to use during gc

syscallpc uintptr // if status==Gsyscall, syscallpc = sched. pc to use during gc

stktopsp uintptr // expected sp at top of stack, to check in traceback

// wakeup HIENIKIZH

param unsafe. Pointer // passed parameter on wakeup

atomicstatus  uint32

stackLock uint32 // sigprof/scang lock; TODO: fold in to atomicstatus

goid int64

/) g HEBHZEZ Jg RV Ll i ]

waitsince int64 // approx time when the g become blocked

/g BBAZERT R A

waitreason string // if status==Gwaiting

/GG E F—1 g

schedlink guintptr

/) e . XK true B, stackguard) %F stackpreempt

preempt bool // preemption signal, duplicates stackguard) = stackpreempt

paniconfault  bool // panic (instead of crash) on unexpected fault address

preemptscan bool // preempted g does scan for gc

gcscandone bool // g has scanned stack; protected by Gscan bit in status

gcscanvalid bool // false at start of gc cycle, true if G has not run since last scan; TODO: remov
e?

throwsplit bool // must not split stack

raceignore int8 // ignore race detection events

syshlocktraced bool // StartTrace has emitted EvGoInSyscall about this goroutine

// syscall 1R[A1Z JGH] cputicks, HHHMH tracing
sysexitticks int64 // cputicks when syscall has returned (for tracing)

traceseq uint64 // trace event sequencer

tracelastp puintptr // last P emitted an event for this goroutine
/WG T LockOsThread, HSAiX1 g SHEFIFEA m Lk

lockedm *m
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sig uint32

writebuf [Ibyte

sigcode0 uintptr

sigcodel uintptr

sigpc uintptr

// GI#iZ goroutine HIiEAIHTHE S HikE

gopc uintptr // pc of go statement that created this goroutine

// goroutine FRELHITIESHH)

startpc uintptr // pc of goroutine function

racectx uintptr

waiting *sudog // sudog structures this g is waiting on (that have a valid elem ptr); in 1
ock order

cgoCtxt [Juintptr // cgo traceback context

labels unsafe. Pointer // profiler labels

// time. Sleep ZZ1EHIENT 3

timer *timer // cached timer for time.Sleep

gcAssistBytes int64

UREG,  PRAE B T BAR O TR, AR IR R 5 TR 06 RN K B I 50 B
g SRIROGI T T BB R I k1A, stack #oR goroutine IEATAR:
/IR L Y, HeEE: [To, hi)

type stack struct {
/BRI, AR

lo uintptr
/G, Erth
hi uintptr

Goroutine &7}, FHIERTT, FEDBEMAEE PC, SP &4 /7485, gobuf mlfffr T iXLe(y.

type gobuf struct {
/) FEE rsp FFAEASHE
sp  uintptr
/) TEE rip AAFASHIE
pc  uintptr
// {85 goroutine
g guintptr
ctxt unsafe.Pointer // this has to be a pointer so that gc scans it
/RIS i 8 [
ret sys.Uintreg
lr  uintptr
bp uintptr // for GOEXPERIMENT=framepointer

—y—

FRE M, M machine fyE 7R, ERE A TIELRE, RERAGLE. G HEWLI M A REZT, MZRIET/ER
No S5H7E m g2 BATH R M, E0R4F T M BSMRRER . SiTEE M EHUTH G HE. SZ9Em P HER ...

M A TAE RS, (EEIRRAT, 2" Hle" kR TR maE2Rg, & network poller, iXEHAT gc {155, =L
i LA

SRR m RIS

//m AR TAELRFE, (RAF T H G EH N5 5
type m struct {
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/BRI AELLTE (HHELZ PIZLERE) (EHIHE G 8 . TERAT IR ISR 75 B

// BATHF goroutine {CI9HT, (EHHF goroutine H CHIHE, UL IHERf 2 K4 FHL] He
g0 *g // goroutine with scheduling stack/

morebuf gobuf // gobuf arg to morestack

divmod uint32 // div/mod denominator for arm — known to 1iblink

// Fields not known to debuggers.

procid uint64 // for debuggers, but offset not hard-coded
gsignal *g // signal-handling g

sigmask sigset // storage for saved signal mask

/B tls GERESEH m 5T EL RIS E

/) IR SR LR AN

tls [6]uintptr // thread-local storage (for x86 extern register)
mstartfn func ()

/) FEIIEFEE{TH] gorutine X1 R

curg *g // current running goroutine

caughtsig guintptr // goroutine running during fatal signal

// EETAELRFRASE T p

p puintptr // attached p for executing go code (nil if not executing go code)
nextp puintptr

id int32

mallocing int32

throwing int32

/) BB EFEFERE, BRAF curg IEAERXT n LIEFT
preemptoff string // if != 77, keep curg running on this m

locks int32

softfloat int32

dying int32

profilehz int32

helpgce int32

/A true BFZFIRN24RET m AT EIERE, IEEM AL LAFE

spinning bool // m is out of work and is actively looking for work
// m IEfZEFE note

blocked bool // m is blocked on a note

// m IETE#AT write barrier

inwb bool // m is executing a write barrier

newSigstack bool // minit on C thread called sigaltstack

printlock int8

/) IEFEHAT cgo 1

incgo bool // m is executing a cgo call

fastrand uint32

// cgo T E T

ncgocall uint64 // number of cgo calls in total

ncgo int32 // number of cgo calls currently in progress
cgoCallersUse uint32 // if non-zero, cgoCallers in use temporarily

cgoCallers *cgoCallers // cgo traceback if crashing in cgo call
// RH goroutine FFELEATH, TAELLFEMEHGEX T park K L,
/) HELFEET XA park Ml T IELFE

park note

/BRI TEL Rt

alllink *m // on allm

schedlink muintptr

mcache *mcache

lockedg *g

createstack  [32]uintptr // stack that created this thread.
freglo [16]uint32 // d[i] Isb and f[i]

freghi [16]uint32 // d[i] msb and f[i+16]

fflag uint32 // floating point compare flags
locked uint32 // tracking for lockosthread
/) IETEFEE T —1 m

nextwaitm uintptr // next m waiting for lock
needextram bool
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traceback uint8

waitunlockf unsafe.Pointer // todo go func (*g, unsafe.pointer) bool
waitlock unsafe. Pointer

waittraceev  byte

waittraceskip int

startingtrace bool

syscalltick uint32

/) LIEZFR id

thread uintptr // thread handle

// these are here because they are too large to be on the stack
// of low-level NOSPLIT functions.

libcall  libcall

libcallpc uintptr // for cpu profiler

libcallsp uintptr

libcallg guintptr

syscall 1libcall // stores syscall parameters on windows

m0S

kA P, WL processor MEFEE, M HATIRME FR3C”, fR9F M $UT G I — 283808, HlinAthnl 24T G BAAI,
memeory cache %,

—A M HEYE P AT goroutine, 2 M BERHZERS, A P 2l i M, siE A P i .

// b A go BATHT AT ZH % IR
type p struct {
lock mutex

/) allp FHIE T

id int32
status uint32 // one of pidle/prunning/. ..
link puintptr

// BRI schedule B &1—

schedtick  uint32

// BER R G R —

syscalltick uint32

/) T sysmon ZGFEILRBEHELE D HIZR GRS A RIS 1T 5]
sysmontick sysmontick // last tick observed by sysmon
/) IEER me R p 2 idle HIE, HIXINMEEAE nil

m muintptr  // back—link to associated m (nil if idle)
mcache *mcache
racectx uintptr

deferpool [61[1* defer // pool of available defer structs of different sizes (see panic. go)
deferpoolbuf [5][32]* defer

// Cache of goroutine ids, amortizes accesses to runtime ¢ sched. goidgen.
goidcache uint64
goidcacheend uint64

// Queue of runnable goroutines. Accessed without lock.
/) MG EELTHIAAY, A 5 B a] i ]

runghead uint32 // B 71k

rungtail uint32 // BAAI/E

/A SEB IR A 5

runq [256] guintptr

// runnext JEZZHT, CEITE—1 runnable K&K G,
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) IS G GET G 52K ready KA, HEE rung ) G HEEFLEL.
/) WRE R G L H R AT IR, A BN ZE TR G

/) BT )G, 1Z G SHARLRT G TR ]
runnext guintptr

// Available G’s (status == Gdead)
/) EIRH g

gfree *g

gfreecnt int32

sudogcache []*sudog
sudogbuf  [128]*sudog

tracebuf traceBufPtr
traceSwept, traceReclaimed uintptr

palloc persistentAlloc // per-P to avoid mutex

// Per-P GC state

gcAssistTime int64 // Nanoseconds in assistAlloc

gcBgMarkWorker — guintptr
gcMarkWorkerMode geMarkWorkerMode

runSafePointFn uint32 // if 1, run sched. safePointFn at next safe point

pad [sys.CachelLineSize]byte

GPM =24y, LR Go scheduler. G TEAE M LA
&, HPHMK.

IR =F KA
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Local Run Queue
other P Local Run Queue
G|G|G|G|G|G|G

G|/G|G|G|G|G|G

rungget

netpoll
+—t—+—+—+

[GIG|G|G|

o
|
|
|
|
|
|
|

+

M 2 MEEGER P AN YRICATIZ1TH) G, 4 network poller REUATZATH) G, it MHA P fir G.
RJERATNE R LG —TF GPM, 155 SR SN ENTRRE TR /i B 4

R G PR :
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park_m/ I _
entersyscall \\
>
. . |
_Gidle _Grunning _Gsyscall \
exitsyscall ‘\
1\\ ’ . ‘\\ |
\ / NN / J
goexit / .\ Gosched \‘
\ y v\ /. ‘
newproc / execute \ /exitsyscall0 |
\ /,’ \ . \\\ //
A\ // \N v
< ¥ \ /
¥
newproc ready .
_Gdead > _Grunnable < _Gwaiting

WU, BRI e RS .

AR P IR :

startTheWorld

acquirep

procresize

_Pidle ( _Prunning

T _ S releasep/retake

v\
~
~N
~N
~N
~
~
~N
~ N N
m retake entersyscall
~
~
~
~N
~N
~N
~N .
~
~
~
~N - N R
~N

EEER T (FERTZATR A RS P N0 , P REfE EERPIIUARE FHMT U . SF7 NI R T AT 961k
i, FTAE ) P #AET Pgcstop IRES, BEE P IWIEE4L ( runtime. procresize ) , SHET
~Pidle

MM FEIBITH, & runtime. acquirep Fefdi P AR Fk Prunning IRAS, JFE runtime. releasep
SRR
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MG HUTIHEEA RS, P S4B EN  Psyscall , WIRSXAW GRS

(  runtime.retake ) , JI] P &g EIFIBEHN Pidle

mRERFEE T R4 GC , M P LWk EN _Pgestop  ,  HRTE runtime. startTheWorld el
) _Prunning

IR, BATKE M FPIRERAL:

HAEITIE; GCH

M R BB REPFERE . AR, 2800 ARIMN RSN IEB RS, 2RIk, HEE TR
ALFRIS, AL AR, SN B EIRE
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M £ A

1t schedule @, RA1H 5L, —4 runnable goroutine [ FE, X —FRATRELN > HTIRAD o

LAEZRE M BROHIB ER B — A AIZ471K goroutine, XJEEILAEFIRDT, ANEHM, AAEE, XMEOHA & IR e
(SN

AP =A IR S MAHASR, W2 AR BA SR, foeJa SerEi I, BB P ff. d0 ks B

rungget P ZsHbpAFIH

p

globrunqgget E£3519871E4
A

findrunnable = MEHAf P i
.

FEH A P AL AL

/) M RE T A B E— 1 g
// WIR inheritTime NE, gp MZAAXAM I, G, FIFE—1 0
func runqgget( p *p) (gp *g, inheritTime bool) {
// If there’s a runnext, it’s the next G to run.
// WA runnext A, W runnext & F—TMFEEITH] G
for {
next := _p_ .runnext
if next == 0 {
/) KA, T E PRk R
break
}
/) FIREEE next ZE&HRBGEM
if p .runnext.cas(next, 0) {
/) R G, TR [E] next ArfGIIHT g. H 7724k # M 1A

return next.ptr(), true
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for {
/) IRHR A %
h := atomic.Load (& p_.runghead) // load-acquire, synchronize with other consumers
/) KA S E
t := p .runqtail
if t = h {
/LRSS, AR K7, HAF] g
return nil, false

}
/IR g

gp := p .runqg[h%uint32(len( p .rung))]. ptr()

/) JRTFHAE, B oo ] g Ffth 26 2 A o iy LA E a5

if atomic.Cas(& p_.runghead, h, h+l) { // cas-release, commits consume

return gp, false

}

BV LE R LU T B, 2P for f34.

A for FEAZRIR ] P [ runnext &5, BN runnext B @ s g, I E 23R runnext. 2RI
runnext A7, EEBRHOGR, BN A B0, HE T EERE runnext, JREIHAEBZSOY 0, WA X
TR MR R B LR XA R, A HA R R i TR, SEOFRIEN runnext .

A for AR METE 2RI runnext & RIS, 223 A Hb BA 71 3% [51 A 31 3k (1) goroutine. [FIFE, JoH IR -TFHE SR
BAF Sk, A FH S A 1 D R (R A 2 o7 1 LA 2R My AR I R A B Sk R R S 8. 205, HESRIAGIE, FEAH
O HABLEFEFEINS SO, DA B RN Y, i LR RSB k.

ELALBA TSR BATI R, BRI AR SR, B P AMUBA A W4T goroutine, ELfER[IA, I, S BASISLIR R
goroutine, ]l —A CAS JE 7 #AEARSARIE BT L, AEHT R38R (S AR

A EASISRIL AT 3247 goroutine MR LEAC T8, AT RE WA= BAFISKEL goroutine i . 7E schedule i
i globrunqget HIARHS

/) T A, BERH schedule BRi%t 61 KM 4/ A[i51T goroutine B A H 13K HK
if g .mp.ptr().schedtick%6l == 0 && sched. rungsize > 0 {

lock (&sched. lock)

/) MEJGATIR AKX 1 4 gorutine

gp = globrunqget( g .m.p.ptr(), 1)

unlock (&sched. lock)

XYL, FEA AR O R4 N4 R BA BRI AT IE 4T 1) goroutine. SEBRTE 0 B B AR 61 YR IF H ARSI WB AT
goroutine ML~ A4 21 globrungget  BRFZEIRMN A FIKELATIE4T goroutine. Y28, M4 RSRETEE L8, XA
FERSATEER T, REA A

BAKIEAEF  globrungget  [UERY:

/) M2 B S IR B[ IS TG goroutine BAFY
func globrungget( p *p, max int32) *g {
/) WIR BN 0
if sched. rungsize == 0 {
return nil

}
/) R p HIE AT o4 JiE 7B A goroutines

n := sched. rungsize/gomaxprocs + 1
if n > sched. rungsize {
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n = sched. rungsize // 4I:f gomaxprocs 1

}

/) AEIE fir A A
if max > 0 && n > max {
n = max
}
/) RZERGE AR T AEB B —F 195 &
if n > int32(len( p_.rung))/2 {
n = int32(en( p .rung)) / 2
}

/B JG AlIE{T K
sched. rungsize —= n
/) UIRABEE iy ", BB S
if sched. rungsize == 0 {
sched. runqtail = 0

}

/KA FZL 18 11 goroutine

gp := sched. runghead. ptr ()

/BB gk

sched. runghead = gp. schedlink

e

for ; n> 0; n— {
/R G B A2
gpl := sched. runghead. ptr ()
/BB Sk
sched. runghead = gpl. schedlink
/) il gpl A P KM, (4B B3R Z B RATHL S
rungput ( p , gpl, false)

}
/R RITLE I BA F25 FriG [l goroutine
return gp

ARSI . 1 Se R A R B\ I 03847 goroutine KEA P (A EL, Skl —MNUE, RRA P ol P12
goroutine %,

XA R B Z P I max DU P ARSI Bkt e 22 /b 4R RS R 1) goroutine FR8 5 P AL

fRJa, for TR RAMEARBSIH n-1 4> goroutine #A2 A, Jf HIR Bl B IFE SRR B K ASI L T 5 [ 9 goroutine, H33
ER T ERRIET IS

ARSI I24T goroutine R BIAMEAY], 45T 4 RBAFIFATIZ4T goroutine BT IHLE, R4 RBA S
goroutine —H1FAEIZAT .

I, BAVREE R =R, WHAL P “fir TAE":

/7 M HIETT BRI FI12 Jr 15 1T BA S50 76 2] 7 ZEAs T goroutine,
// VM findrunnable EREIMFE TIEATEHTIEIT AL, WIRATAE, T4 5T TAELEFEHN FEAR
// B P F] runnable goroutine Z )& findrunnable ER#(A 4% [A].
if gp == nil {
gp, inheritTime = findrunnable() // blocks until work is available

}

AR T A R LA 72
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/) MHEAH 77 #6 goroutine JKRHAT
func findrunnable() (gp *g, inheritTime bool) {

_g_ := getg()

top:
p_:= g .mp.ptrQ)
i —

// local runq

/A B Z R

if gp, inheritTime := rungget( p ); gp != nil {
return gp, inheritTime

// global rung
/M2 BA BRI
if sched. rungsize !'= 0 {
lock (&sched. lock)
gp := globrungget( p , 0)
unlock (&sched. lock)
if gp != nil {
return gp, false

// Steal work from other P’s.

/) WERFAG P #4bFAS RS, HE e G M T EE
procs := uint32(gomaxprocs)
if atomic. Load (&sched. npidle) == procs—1 {

goto stop

/) URAGIRE TIELLFEAEFE T IE, WBEE TIKE . BRFFELZE CPU
if ! g .m spinning & 2*%atomic. Load (&sched. nmspinning) >= procs—atomic. Load (&sched. npidle) {
goto stop

if ! g .m spinning {
/BB EIERE R true
g .m. spinning = true
// ENEREE 1
atomic. Xadd (&sched. nmspinning, 1)
1
// MEE p HIAHIZ TS5 goroutine
for i :=0; i < 4; i++ {
for enum := stealOrder. start (fastrand()); !enum. done(); enum. next() {

stealRunNextG := 1 > 2 // first look for ready queues with more than I g

if gp := rungsteal ( p , allp[enum. position()], stealRunNextG); gp != nil {
return gp, false
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// return P and block
lock (&sched. lock)

if sched. gewaiting != 0 || p_.runSafePointFn != 0 {
unlock (&sched. lock)
goto top

}

if sched. rungsize != 0 {

gp := globrungget( p , 0)
unlock (&sched. lock)
return gp, false

}
/) HET T AELCREMERR S p Z IHIHI98E, & LR
if releasep() != p {
throw(”"findrunnable: wrong p”)
}

/) I p A ZE RS
pidleput (_p )
unlock (&sched. lock)

wasSpinning := g .m. spinning
if g .m spinning {
// m BILGRERRG, S ELT EE
g .m. spinning = false
if int32(atomic. Xadd (&sched. nmspinning, -1)) < 0 {
throw(“findrunnable: negative nmspinning”)

// check all runqueues once again

/IR BT 2 — FPrE R b B FROH LIFEM

for i := 0; i < int(gomaxprocs); i++ {
_p_ := allp[i]
if p !=nil & !rungempty( p ) {

lock (&sched. lock)
_p_ = pidleget ()
unlock (&sched. lock)
if p !=nil {
acquirep( p )
if wasSpinning {
_g .m. spinning = true
atomic. Xadd (&sched. nmspinning, 1)

1
goto top
}
break
}
}
/IR
stopm ()
goto top

XA R R BV MR AR B AS G R it R 2% M B AT BB Th G4k goroutine,  WRSAEFRANTINHE A BRICIR G, 45
R AR, LAl Mg,

JERMCAHTIR M g, Bk g0, REERMLYEW p, B p
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HhEREWN p ARHLBAZIZREL goroutine, WIARBCAIRENE], WM A RIASUTREL. AR IE B SRR
T, RBREEAINENE.

A, TR, S RRRS . WRIALETE R P #AL T2 WRA, st Al P e SR TAE W, st A 1,
EETE I B R AR T, BEE] stop Ey. BEE RN AT IR TR LRSS RS 7, i b L T, R A%
Ao FEHFHER, TAEHEEALFR, WAL,

EFIERI“ M TAR 20T, EA SR BRI EN true, &R EREEN 1.

TR AR 1 GFRk D BENRLRE R for TAMALR, SRR SR M E R, R BB, JFRE
kM. b b, WRESENIAK P, Bk, BEER, 2504 REENAN P, FFE“MTA", 2ARIEFHARI!

5 )R BRI IFASE R UCHR %N (W IR DI A ) Py IXREASKRL S, TR 207k, B s . B
TR X AN

var stealOrder randomOrder

type randomOrder struct {
count uint32

coprimes [Juint32

VIR 245 count IR—AME, 10 8, R4 count THEH coprimes, HIHMILE&/hT count M{E, HAI 8 HJf,
sk [1, 3,5, 71.

5 RGN, JTIRBENLSE —AME, B 2, WE AU P e P2; A coprimes HURHIER Sy 2 M 5, B4, H
AVIE) P R 2+45=7; WRILEHM, B=AE 7+5=12, Ml count i PHUREAE, M) 12%8=4......

TERJE— BT ATA I P PR, KR runnext WESRAMIE R, Bl = kIRMERIEY, TG M T, K
ANWAER, REeMfFga—iT, stealRunNextG — F#HZ2 B LS runnext B3

stealRunNextG := i > 2

T U A% AT TR0 B allplenum. position() Z )&, WH rungsteal ( p , allp[enum. position()],
stealRunNextG) FRELHRAT

/)M p2 MRE—FHITAEE] _p HIAR
func rungsteal ( p , p2 *p, stealRunNextG bool) *g {
// BAE
t := p .runqtail
/) M p2 BHERCL(E, JKF| p . rung HIBAE
n := runqgrab(p2, & p .rung, t, stealRunNextG)

if n =0 {
return nil

}

p—

/) BT g AR

gp := p .runql (t+n)%uint32(len( p .runq))]. ptr()
if n =0 {
/) R T —1 g
return gp
}
/7 BBk
h := atomic.Load(& p_.runghead) // load-acquire, synchronize with consumers

/) AR EMAZE T
if t-h+n >= uint32(len( p .rung)) {
throw(“rungsteal: rung overflow”)

}
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/) EHE B A TAEA LS

atomic. Store (& p_.runqtail, t+n) // store-release, makes the item available for consumption

return gp

W runqgrab M p2 firEE 0 LAERE p. At
n := runqgrab(p2, & p .rung, t, stealRunNextG)

runqgrab BRECKE AN p2 Mok CAERCEICA t ybhE 2l B, Hdlmh 2 p.runq . JRAIEIE, t | &
“p.rung  (BAE, FHCATARIGZRAEIER BV p2 firkm) TIE, s, RARHRE  p.rung  MIBA
B, ZJE, FmEEG—T p.rungtail” s XAkt TR NCA T .

AT, R n R R0 TSR . el n B0 1, HIGRZIES n A LE (BEE g0 BiERE, WHUXIE n 22
%0 1, WU T A g, AOEEERI. BN, KBRS n, SR TAE AL, RIESESE!

AL TE  runggrab  EREUTSEIL:

/M _p AEEFFIRAIELT goroutine, JXF| batch #(ZHH

// batch AZ—1 ¥, #&4EF batchHead

/7 BB HIECE, B EI goroutine FIHLAER] P #AT

func runqgrab( p *p, batch *[256]guintptr, batchHead uint32, stealRunNextG bool) uint32 {

for {
V/avics
h := atomic.Load(& p_.runghead) // load-acquire, synchronize with other consumers
// BLAIE
t := atomic.Load (& p_.runqtail) // load-acquire, synchronize with the producer
/g HEE
n:=t-h
/) ¥
n=n-n/2
if n =0 {
if stealRunNextG {
// 1% runnext #SEf, KRANE
// Try to steal from p .runnext.
if next := p .runnext; next != 0 {
/) REERTRE p BATEET g HEAD EEEEMZE, PR EHAT runnext,
/) PR TE T, B ik g 7 P 28 W& AL,
/S T, Gl —1 s,
// channel —{K[E}HIHIENCKRIZEFEE 50ns KA, UL Sus ZENZELE T 50 KWL= T, 15
AR
if GOOS != “windows” {
usleep(3)
} else {
osyield()
}
if ! p .runnext.cas(next, 0) {
continue
}
/) EHIME T next
batch[batchHead%uint32 (len(batch))] = next
/) BEHIEE, RE 1 1
return 1
}
}
/R E]
return 0
1

/SR 0 IXEBRAK T, EIR—W T, PEEMIIKZE, #FKEs T
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if n > uint32(len(_p_.runq)/2) { // read inconsistent h and t
continue

}

/) ¥ g EZF bacth T

for i := uint32(0); i < n; i++ {
g := p .runql (h+i)%uint32(len( p .runq)) ]
batch[ (batchHead+i)%uint32 (len(batch))] = g

}

/) TAEWE T, FHr— FAZL 1541

if atomic.Cas(& p_.runghead, h, h+n) { // cas-release, commits consume
return n

}

SNZBERER R ARG, e R TR p BAFISKAAGR, S0 g B, W n == 0, U ERME
HARM, XME  stealRunNextG  [fEH. WHNE, BHAM runnext, HEtEERE 0, mediefirsl, winE, W%
2R fi— F runnext.

JeFIBT runnext AN, ARSI 1o AR AT, BRI 3 us. KRN TPIIE p IEERAT AT g, B Rt
PHZE CRIRE I — MRSl K channel Zad#udl, #AHENCED » 2R LT runnext. XA EMHGLE T, BA
runnext & EELEHAT 1, il TR AR EEPAT, TS EAGIE? KRR A R RACR, IR g £ P ZIA"HHET AR
WS, RUEeAMa T, Bifl—Mla.  channel  —KIFPPIIIEEURIATE 2 50ns /it BULARIR 3us ZAL 4 T
A1 50 SHLR T, ARSI .

GREE, HHET n REANTET porung KER—, BOVRAREARTTRE p BHFUMBLR G T, €/ p.rung MEIR4 2
TAET, RS ARMIX AL 1, EEHEE RS

R A for 45K, 4§ p.rung A9 g HE batch BULE. (S FHAFEH p MOFISKIRE, (D n MR, K
RBER, B!

FIS| | findrumable | HHC Sf BESMEENCMETLE, ROGARARITE, AL TRWARNT | stop
MR

Jo b8 RONERK PREI RN P EER X, ERZANEAML, M- FaRASEESE LE, aURE, Hizulie

Fio

UIRAAT, USSR ER BT T AR AR 28 P ISR K A&

/) R p S om FEHE
func releasep() *p {
_g_ := getg()

) AL
g.mp =20

g .m.mcache = nil
p.m=20

_p .status = Pidle

return p

FEM TSRS p M m FROEE, J0K p fEIRSEEC8 Pidle
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R2ZJE, BHMANERZH P K.

/& p JXE _Pidle FI#ZE
//go:nowritebarrierrec
func pidleput( p *p) {
if !rungempty( p ) {
throw(“pidleput: P has non—empty run queue”)
}
~p . link = sched. pidle
sched. pidle. set(_p )
7/ SR A PRI
atomic. Xadd (&sched. npidle, 1) // TODO: fast atomic

PIERE R M RIS L T B0, S p.link Fi A ER A sched.pidle FifRFIM p, a8 S NEER MBS —A> P, &5, M
B sched.pidle, HARF AT p, XFE, BHEERIMIE K.

R FOL AR R AR 1, (R IAAIEL ! REHER - KITAR P RGA T, SARIUER—4 P A TAERE CH
Wr P ERIAMAZIAED |, e NEREIH P RS —A> P

/7 M _Pidle SIZHETFK p
//go:nowritebarrierrec
func pidleget() *p {
_p_ := sched. pidle. ptr ()
if p !=nil {
sched. pidle = p .link
atomic. Xadd (&sched. npidle, -1) // TODO: fast atomic
}

return p

Phfefai e, IRIMEER G —A, F ¥ sched.pidle, f#HARRmT—4 P. 1AM acquirep(_p_) 4 EIE p Al m,
FEMEERARE p I m FEB, Filp MLIERSN _Prunning , JFH®E m W p P& WMEREZE, FXE
N top ARRGEL, Pk —il 2 mi4k TAEMIE .

/)RR, EIEHAT AR, B 2GR LA 7 B A0
func stopm() {

// 24F goroutine, g0

_g_ := getg()

retry:
lock (&sched. lock)
) JE m TEE R A R
mput (g .m)
unlock (&sched. lock)
/) N BEIRARE
notesleep (& g .m. park)
/XA T A LG FEe
noteclear (& g .m. park)

acquirep (g .m. nextp.ptr())
g .m.nextp = 0
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ol m BMANERTNERE, FRE LS/ EMES, E 8. B35, WA notesleep(& g .m.park)  fHfFHHI T
PELRFEIENRBRIRAS . HA TARRRRER IS M TR 2 TIEEM”, &M noteclear (& g .m.park) KM, 7+
B XA R AU N SRR R & g .mpark , TRHREE.

type note struct {
key uintptr

}
IR, HEF A key 7B

note ¥/ SN ERERAE RGAHIE, AFRGEAARFALH, i linux FERT futex RFIHA, 1 mac T
M {H 1) pthread_cond_t 2#F45 6, note WHXELJREHUHIM T — ANl G AL,

RAPEPR Y AR TARK I &b, Lo dn = BRI B D B 75 22 SCRpl T 6 i, N 24E note RN E T & 1)
SCRFRITT, AN EAZ IR AT .

X —BOR E BBk R VEE . ATHEARE T notesleep (15

// runtime/lock futex. go
func notesleep(n *note) {
/7 g0
gp := getg()
if gp != gp.m. g0 {
throw(“notesleep not on g0”)
}
/=1 o TR
ns := int64(-1)

/) X Z U G B —MEH, 2B futexsleep A A RER S MIBERR 2% [F]
// BTl futexsleep FR#CIR[E])GH 75 Zf & note. key ZBHUAzZ 0,
/) WA 0 TR HAEFE TAE ?ch'f/%/éh T#ANT,
/) HAE futexsleep BAIE[E T, FFE R futexsleep N MBEHR
for atomic. Load (key32 (&n. key)) == 0 {
/) o m YR
gp.m. blocked = true
futexsleep (key32 (&n. key), 0, ns)

o BRI, R
gp.m. blocked = false

ARBAE B

// runtime/os linux. go

func futexsleep(addr *uint32, val uint32, ns int64) {

var ts timespec

if ns < 0 {
futex (unsafe. Pointer (addr), FUTEX WAIT, val, nil, nil, 0)
return

}
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2 *addr Al val FZERI %, RIR. futex LS8 & 928

TEXT runtime * futex (SB), NOSPLIT, $0
/) ARG RSB
MOVQ  addr+0(FP), DI
MOVL  op+8(FP), SI
MOVL  val+12(FP), DX
MOVQ ts+16 (FP), R10
MOVQ addr2+24 (FP), RS
MOVL val3+32 (FP), R9
/) REGH g S
MOVL  $202, AX
/) BAT futex R VHHAMIE, B0l )7 #2228 AT F—2¢ MOVL 754
SYSCALL
/) RIER G R (el e
MOVL  AX, ret+40(FP)
RET

IXRE, RAZI TR moOgiiRaR 1. AR A AT AR S, b e R BRI m, i mopark T BORM AL
o M2 5, [%]  findrunnable  Bi#k, 4k4:54K goroutine, #F|J5ik[H schedule ik, A5 His 2HB4TH300)
goroutine.

gt m R IAEREBEA N, IR T ¥, & TBmRIER.

SEHEH

LK 35k Goroutine #E3%m% ] https://mp.weixin.qg.com/s/20bjs5)rinKnwFbF4a2z2g
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mian gorutine fnfif

mian gorutine a1

L—VHEATF5E T Go scheduler ¥k, BUEREESRS — DIty whEwRBERSLR T . AUk IHA main goroutine /2
WA, EAR .

HEEEY, BIEIRAIEM T schedinit  BR3L, iXFE runtime:rt0_go M —, HEHEAEE:

'/ GEE—AF goroutine HKJF f/jﬁ/]

MOVQ $runtime * mainPC (SB), // entry

'/ newproc HIF NS, /L]b’:/l/fv]yfﬂ-'/ goroutine @ EHATHIREL

/' AX = &funcval {runtime * main},

PUSHQ AX

// newproc HJZE—NSHAE, "7‘7 z?bd\ runtime. main ERHL7EZEHIZE KD,
// A runtime. main 7% Lﬂél’;;fj/(y X HEAZ 0

PUSHQ $0 // arg size

/ @l## main goroutine

o)

CALL runtime ¢ newproc (SB)
POPQ AX
POPQ AX

// start this M
/) ELRFEHN VNG, & THINIE# R goroutine
CALL runtime * mstart (SB)

) IKTEALIRE], Ji—i&[E] T, crash #7
MOVL $0xf1, Oxfl // crash
RET

ARYHTTH L7 22 A newproc s “iE A", 4758 runtime « newproc(SB)  J&, e BA—¥ii goroutine 3k
47 mainPC /& runtime. main () PR runtime. main () PR A S PATBIBATS 1) main B3, ash
BAlle

HRE newproc PR

// src/runtime/proc. go

[ CGIE—B ¢ BT fn R, FHFE siz byte 1154
KHILE G BAAEFE1T
) GiiFas SN go KAEFIEFE KL R AL

//go:nosplit
func newproc(siz int32, fn *funcval)

MIXBIFIREHEN hard BT, SRR L B0 T T4

go func() {
/ B
10O

MUEB T A goroutine HUINE, —EEAE, {F Go 4iFAMEM T, X&BARA SR newproc K.

Ak, newproc  HEFEWANSH: —ANEFHOIER goroutine FHFEPATHAES, HELE fn, ERE D func;
WA —ANE fn ISEDN.

kA, it newproc AR AR E, NS HE 0, FA runtime.main REEAT S5
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// src/runtime/proc. go

func main()

B ASHIRE runtime.main s UL
ARE IR B, A ES newproc  fE—ANERIR fn ISECK/NIS U ?

A4, goroutine MIZLFE—H:, #A H ORI, ARFEFSZ goroutine FIFIEEF N, RA 2K, T H W4, XW
JEBI%E goroutine MM L BIEE ZRAZARM /NI SR AL

B0, 44 goroutine #F H CLHIERZE (], newproc B S Hi A E — ¥ goroutine ST fn B, 7EH
goroutine FHUTHE4, #EFHH goroutine Mtk MHUTHRETESH, KAL) goroutine k., FiLAT B4
L EHr goroutine (I o ¥ ARG B2 R T, X 4FJr, AoHE M2 DHARE? B siz ke .

PEEFEANY, newproc EEHIE —ANSHL:

type funcval struct {

fn uintptr
// variable-size, fn—specific data here
1
BRAMNEKLEN, BN FBRAMEE fn, AT, BEHRE fn FZRENSH.

SR LR KH5 gol A Ml 1

W

package main

func hello(msg string) {
println(msg)

}

func main() {

go hello(“hello world”)
}

AT R R IX
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1% fE
= ithilt

&"hello world"

< fn + sys.PtrSize
hello

| siz
SP

| newproc PC

callerpc: E@fT89 goroutine By PC

+ < fn
| {EEithilt

TS siz, A LEREIOHLE, FE LaUe s hello RN SEL, string X BLUE—AMhE. LRI IS B 56 push 2
Bk, H push Z2HN.

// sre/runtime/proc. go

//go:nosplit
func newproc(siz int32, fn *funcval) {
/) R EE— PS4 4
argp := add(unsafe.Pointer (&fn), sys.PtrSize)
/) G B8 hE, 542 newproc BfHT call 7545 Fe TR ER ] 1 11
pc := getcallerpc (unsafe. Pointer (&siz))
'/ systemstack HITEHAZVIHE] g0 HATIEAZEH R
/) g0 Z4GHER# goroutine X5
/) AEBISHETE fn REA OHGE, argp ZHdigiihl, siz Z8K/%, WH 7 pe (goroutine)

systemstack (func () {
newprocl (fn, (kxuint8) (argp), siz, 0, pc)
b

Rk, argp Bkt fn, A EBE—ANREF KRS, =3 fn S5HEE.

P IEId getcallerpe SRHCGH I 145 4 M, & A newproc B i1 call $84 AR s E0R I HhE, k&
runtime * rt0 go PR CALL runtime ¢ newproc (SB) B4 JE T Y POPQ AX XA n k.

fJa, VA systemstack BEE g0 ##UAT fn BB, T AR YGRS, B runtime « rt0 go BRI
. RGRAE g0 T, b EEHAT fn fd. M ERNERTPSH go xxx AU, EHATH, #ha stk
F| g0 Heduar, SREHYIER,

—fFA, MEEE newprocl  BREL, 9 ERE, FORKEEARBUOMELG SR, JFHIN L TR, SR, RRECEAS
WRBTA RIS, R IHmr Aa . TR L, 5 (5 e 5 T A0 S0 B I

/) CIE— 1 HTH g KE fn
func newprocl (fn *funcval, argp *uint8, narg int32, nret int32, callerpc uintptr) *g {
"/ 245 goroutine HIFSEf
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/) BIAEZOIHRE] g0 1, ArLUEb 422 g = g0
/g0 REL I T IELEERT g0
_g_ = getg()

if fn == nil {
_g .m. throwing = -1 // do not dump full stacks
throw(“go of nil func value”)

}

_g_.m. locks++ // disable preemption because it can be holding p in a local var

// ZHONE [ElHE T a7 75 ] (B0 PN 7))
siz := narg + nret
siz = (siz +7) & 7

7/ HET LAEL & p
/) WG p = g0.m p, WELE p = allp[0]
p_:= _g .mp.ptr()
/M p B GE I BRI — T RAEEFI g, HIEERT A, 18 [E] nil
newg := gfget( p )
if newg == nil {
/) new —1~ g GHIEXIR, HKIGMIEFE M FFZE g 1 stack MRAABA stackgard kR
newg = malg( StackMin)
// WtEtE g BPRE KR Gdead
casgstatus (newg, Gidle, Gdead)
/AR allgs UIHH
allgadd(newg) // publishes with a g->status of Gdead so GC scanner doesn’t look at uninitialized stac

k.
}
if newg. stack.hi == 0 {
throw(“newprocl: newg missing stack”)
}
if readgstatus(newg) != Gdead {
throw(“newprocl: new g is not Gdead”)
}
// EIE T, X5
totalSize := 4%sys.RegSize + uintptr(siz) + sys.MinFrameSize // extra space in case of reads slightly bey
ond frame

totalSize += —totalSize & (sys.SpAlign — 1) // align to spAlign
// WE sp (&

sp := newg. stack.hi - totalSize

/) BES N B

spArg := sp

if narg > 0 {
/) FESHMMAT newproc ERELHIIGHE T EIHT ¢ HI#%

memmove (unsafe. Pointer (spArg), unsafe.Pointer (argp), uintptr (narg))

// H# newg. sched Z5H1ERR A I I 7 1#E 0

memclrNoHeapPointers (unsafe. Pointer (&newg. sched), unsafe. Sizeof (newg. sched))

// B newg [f] sched FR, 1H/E#RS e BAKIEXLEF R A BEH goroutine VEF] CPU Li&fT
newg. sched. sp = sp

newg. stktopsp = sp

// newg. sched. pc Z524 newg #%AERCAKIE THf KX HEHEFFAE AT TS
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newg. sched. pc = funcPC(goexit) + sys.PCQuantum // +PCQuantum so that previous instruction is in same func
tion
newg. sched. g = guintptr (unsafe. Pointer (newg) )
gostartcallfn (&newg. sched, fn)
newg. gopc = callerpc
/ W& newg I startpc AN fn. fn, 1ZKA T EH TR traceback FIFEYLHE
// newg E.IEMPBETFIGIATIH ARG T XA, 42 sched. pe
newg. startpc = fn. fn
if g .m curg != nil {
newg. labels = _g .m. curg. labels
}
if isSystemGoroutine (newg) {
atomic. Xadd (&sched. ngsys, +1)
}
newg. gcscanvalid = false
o/ RE g WIRE A _Grunnable, AILIE{T T
casgstatus (newg, Gdead, Grunnable)

if p .goidcache == p .goidcacheend f{
_p_.goidcache = atomic. Xadd64 (&sched. goidgen, GoidCacheBatch)
_p_.goidcache —= GoidCacheBatch — 1
_p .goidcacheend = p .goidcache + GoidCacheBatch

/ WE goid
newg. goid = int64( p . goidcache)
_p_.goidcachet+

/G IR p B S TS
rungput ( p , newg, true)

if atomic. Load (&sched. npidle) != 0 && atomic.Load (&sched. nmspinning) == 0 && mainStarted {
wakep ()

}

~g .m locks—

if g .m locks == 0 & g .preempt {
g .stackguard0 = stackPreempt

}

return newg

LRTAESTE 90 A LT, BHUEHATTE g = getg()  ZJE, EWREAAKHTHATLAE g =0 . Z/FH
il g0 #EIHLEEM P, B2 pO.

A, 2N p0 EH— AN G:

/M IR KR — R G R g, BG5S, R [E] nil
newg := gfget( p )

WEREAT], M e EOIE— MK G, AE B 2KB A/MIEG, JF i ESFEr goroutine i) stack A, WEEREN
_Gdead, JFREAGMBIERAZE allgs o GIESERL )G, BATRAERE LA T 2K KA. T, BT ES:
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ES
%
e
%
&argv
argc
sp | stack.hi
stack.lo

/ stackguard1

2o

m

IXFf, main goroutine FEA T .

SEHEH

[ S545 go] https://github.com/changkun/go-under-the-hood/blob/master/book/zh-

cn/part3compile/chllkeyword/go.md

[Ex# Go scheduler] https://github.com/changkun/go-under-the-hood/blob/master/book/zh-

cn/part2runtime/ch06sched/init.md

ARSCRS A H RSO (www. topgoer.cn) i 7#- 192 -

tis[1]

tis[0]

g0

(64k - 104) B
stackguard0
- | -

alllink

p

stack.lo
. 143 / stackguard1
stackguard0

allp


https://github.com/changkun/go-under-the-hood/blob/master/book/zh-cn/part3compile/ch11keyword/go.md
https://github.com/changkun/go-under-the-hood/blob/master/book/zh-cn/part2runtime/ch06sched/init.md

schedule 7 a5 5

schedule ¥ a1 J5 3y

L—yRHiE T — goroutine, #EUIFT sched i) sp Al pc 7B, FFHKEHRINE T p0 MAHAZ1TBAS], ALZE
FE AR

BAVRSFERM . 7 FR, BAOELLILAE  runtime » rt0_go  BECH, $4T5%  runtime * newproc (SB) i, W%
POP {54 ¥ 2 s i e s SR e . I B, BEM R — s T -

// start this M
/) FELRFEHNREIGH, BT HINIGIE ) goroutine
CALL runtime * mstart (SB)

KENE VAR LK, AT TR, RS T EIHREE T

mstart  PRELE T stackguardO Al stackguardl FBUS, LB mstartl() 3L

func mstartl() f{
/R g = mO0. g0
_g = getg()

if g != g.mg0 {
throw(”bad runtime * mstart”)

// Record top of stack for use by mcall.

Once we call schedule we’re never coming back,

// so other calls can reuse this stack space.

-H i} schedule() %L, KAE[A]

/T ELE AT LU R

gosave (& g .m. g0. sched)

_g_.m. g0. sched. pc = "uintptr(0) // make sure it is never used
asminit ()

minit ()

/) BATIE ) E FIG L FEF, fn == nil

if fn := g .m mstartfn; fn != nil {
fn()

}

if g .m helpge != 0 {
_g .m helpge = 0
stopm()

} else if g .m != &m0 {
acquirep (g .m. nextp. ptr())
g .mnextp = 0

}

/) HN T EIER . KK e
schedule ()

W gosave  FRECKMRAFRIEF S g0.sched 5k, SKREUFID:
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// void gosave (Gobuf)

// save state in Gobuf; setjmp

TEXT runtime * gosave(SB), NOSPLIT, $0-8
// ¥ gobuf MRMEZ AX
MOVQ buf+0 (FP), AX // gobuf
// WSHk, Wk caller 7 SP
LEAQ buf+0 (FP), BX // caller’s SP
// P4 caller’s SP, FIKIEATHTAIAR T
MOVQ BX, gobuf sp(AX)
MOVQ  0(SP), BX // caller’s PC
// ARAF caller’s PC, FRIKIEATHT KR4 it

MOVQ BX, gobuf pc (AX)
MOVQ $0, gobuf ret (AX)
MOVQ BP, gobuf bp (AX)

// Assert ctxt is zero. See func save.

MOVQ gobuf ctxt (AX), BX
TESTQ  BX, BX

Jz 2(PC)

CALL runtime * badctxt (SB)
// KRB tls

get tls(CX)

// ¥ g HiHbhEAEN BX
MOVQ g(CX), BX

// RAE g otk

MOVQ BX, gobuf g(AX)
RET

FHRWE T g0.sched.sp 1 g0.sched.pc, Fi&ig mstartl ¥k ES5Ar S, Je& W35 gosave EEUR AR R
—&454. WFE:

&argv / i
“\ /!
- |
...... \ . \
|/ AN \
_—————  stackhi [ S N
| HEy N
© o — stack.lo N tis[1] | — | m
L mstart M /" stackguard1 | tis[0] | runq[0]
— ] | -
metartl RN // __ stackguard0 S—] g0 / )
T func mstart1() { /// " | ik J / //
2 7/ B8 &go_buf /
3 gosave(&_g_.m.g0. sched) sched.sp o
7
5

_g_.m.g@.sched.pc = “uintptr(@) «—| BB —~ P e— - — -
} =—— —— sched.pc [ —— o -
gosave BRI P - o
—_———————— // src/runtime/asm_amd64.s
- ) N

7/ // The top-most function running on a goroutine
/. '

| >

|

1
2
3 // returns to goexit+PCQuantum.
4 TEXT runtime-goexit(SB),NOSPLIT,$0-0
5 BYTE _ $ex90 _//NoP_
------ 6 T CALL _ “runtime-goexiti(sB) // does not refurn |
7
8

J7 Traceback from goexitl must hit code range of goexit

- BYTE  $0x90  // NOP
funcPC(goexit1 — — — —————  stacklo
"‘(\/ stackguard1
* \ — stackguard0 1 // src/runtime/proc.go
o ) P 2 // The main goroutine.
2KB / Ny (@ 3 func main() {
Y sched.pc 4
"\ sched 5
sched.sp Y

K sched.pc JfASELEAR iR [, i LAP o e s 2 R0 3k

BTk, #EA schedule #i%t, AAIRMA.

/) BAT—FE T E G TAE: #6F]—1> runnable [ goroutine, FfHMATE
/) KAIB[E]
func schedule() {

/) g = FFNTAELFE m XA g0, FIAEERTAZ mO [ g0

_g_ = getg()
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top:

W

var gp *g
var inheritTime bool

if gp == nil {
// Check the global runnable queue once in a while to ensure fairness.
// Otherwise two goroutines can completely occupy the local runqueue
// by constantly respawning each other.
/S RT A, B schedule M4l 61 KiEZEM /G [iE{T goroutine SAAHIZKIK
if g .mp.ptr().schedtick%6l == 0 && sched. rungsize > 0 {
lock (&sched. lock)
/) MEJGATIR AKX | 4 gorutine
gp = globrungget ( g .m. p.ptr(), 1)
unlock (&sched. lock)

/) MP IR G AES
if gp == nil {
gp, inheritTime = rungget( g .m.p.ptr())
if gp != nil & g .m spinning {
throw(”schedule: spinning with local work”)

if gp == nil {
/) MEKHS 1T ARl e is 1T BA S 2512 #6 Bl 7 Zs 1T 1Y goroutine,
// Y findrunnable BREMILE LIELEFERTISITAA IR, UIRGAE], T4 0T L1ELEFEHEN REAR
// EFFFHF] runnable goroutine ZJ5 findrunnable ERECA 4% [A].
gp, inheritTime = findrunnable() // blocks until work is available

// This thread is going to run a goroutine and is not spinning anymore,
// so if it was marked as spinning we need to reset it now and potentially
// start a new spinning M.
if g .m spinning {
resetspinning ()

if gp. lockedm != nil {
// Hands off own p to the locked m,
// then blocks waiting for a new p.
startlockedm(gp)
goto top

// $AT goroutine (FF5ERAHL
// HRELTHIAZ runtime HIICHS, ERERE A ETITZ g0 HIFEESH]
// VB execute UJ#HE] gp HIfCIGAIIEZH] 2B 1T

execute (gp, inheritTime)

rungget

s MNP ARHETTIEAT BA B Sk th— S FTIEATH goroutines T A, HEEAFIREE 61 I E, #is

AR S U FFiZ 1T goroutine SRizfT, Al globrungget 5 WIRGERARE], siEEILR P B iy L8
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goroutine K47, HH findrunnable PR

Gt ToE i, ATEI T AL goroutine, 1
17, VAIE ARV B R B TE X SR, RS AR

/R ep TEXSET M _EIETT
// Wi inheritTime NE, gp AT HIHIRSE
/B, T — AR
////
//go:yeswritebarrierrec
func execute(gp *g, inheritTime bool) {
// g0
_g_ = getg()

/¥ gp HPREEH running
casgstatus(gp, Grunnable, Grunning)
gp.waitsince = 0
gp. preempt = false
gp. stackguard0 = gp. stack. lo + StackGuard
if !inheritTime {

/7 RS IR 1

_g .m.p.ptr(). schedtick++

/) ¥ gp Fll m FKIBHIAR
g .mcurg = gp
gp.m = _g.m

// gogo TEIRM g0 F gp EIEHIV]#H
// CPU HATIRHG#ELE LI R 1 1 D) 1

execute (gp, inheritTime)

7/ AT I AT LR DEFIAE CPU 27 £ a5 AR B AV P Re AT V) #e
/) BRIANER go I ¢ PRIl EHLERHIER] CPU S aiIECe,
7/ PR s & AR L TEREN T T R BEIRGEN it S ALk H 7Y

gogo (&gp. sched)

¥ gp MPRAESCHN  Grunning K m FI gp AHESREGERK. e, WA gogo
PATHCE M g0 k3 gp. gogo  EEICHES SR, FEEIT:

Y)He 3% H 1 goroutine Fih,

SERA g0 F gp HIPIH, CPU

gogo  PREUMSEEILICHNIE S M T M, KHEZ HTUAH BTG, 2Ky goroutine ML KA F PATRLZ [H]

N7

R RATAE D IR B R AU AR 2R 2L, PATTRII TR MAR AR BAE CPU 27774% BL A s B0 AR (1)
e, SRMAEZ go it/E ¢ XFmRIE S # A Hizn CPU Ffrds, M mZis s X B 7T, WAk

FEIC AR ARIE I H I o

MHEE  gogo  MREUMISEEL, fEAN &gp. sched

TEXT runtime  gogo(SB), NOSPLIT, $16-8
/) 0(FP) #RigE—1=4, B buf = &gp. sched
MOVQ buf+0 (FP), BX // gobuf

MOvVQ buf+0 (FP), BX
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niletxt:
// DX = gp. sched. g
MOVQ gobuf_g(BX), DX
MOVQ 0(DX), CX // make sure g != nil
get_tls(CX)
/) g IAFE tls[0]
/) EEIELTH) g HITEEITINBFEAR 71, X FE G BRI/ CRT Bt T LA B 1 26 FEAR A7 1
/) KIRBIH T IETERATHI goroutine HY g ZHMEXTR, MIlTHEI 52 KEAT m Al p
/) IBATIX G2 BT, BRI AT g0 HIADE
MOVQ DX, g(CX)
// I CPU 1 SP #ifrasi& &4 sched. sp, FE/K T HHIY]#
MOVQ gobuf_sp(BX), SP // restore SP
/) LT X BICPUM R &7 745
MOVQ gobuf_ret (BX), AX
MOVQ gobuf_ctxt (BX), DX
MOVQ gobuf_bp (BX), BP
/) TEES sched HIME, AENTEAFMEIXN CPU X HI G 17as T, DHmGE, XML 6C B9 L EE
MOVQ $0, gobuf_sp (BX) // clear to help garbage collector
MOVQ $0, gobuf_ret (BX)
MOVQ $0, gobuf_ctxt (BX)
MOVQ $0, gobuf_bp (BX)
// 1 sched. pc {HIXN\ BX #17#%
MOVQ gobuf_pc (BX), BX
/) JMP 7 BX EFAFASHIC S HIMbEETIA CPU [ IP 27174, T42, CPU BEFEZMhl 4 EEH# 17154
JMP BX

TR LR AN T o 2D T 2

MOVQ gobuf_g(BX), DX
éet_tls(CX)
MOVQ DX, g(CX)
H—A17, ¥ gp.sched.g R F£E] DX Zf£a%: 25247, RAINABEEHKET, get_tls ¥ tls fRA73 CX &F178%,

# gp.sched.g & tIs[0] 4b. XFE, MTFUHIFHA  get tls B, HUHMELE gp, MIAFZ g0, X—175EMM g0 %
PI#E gp.

‘El

BEFR B — N2, Go plan9 JLgw i — a5 :
MOVQ buf+0(FP), BX # &gp. sched —> BX

FP o RAMNEAEE, ATHIN O 2R — N afras, FORSHMAE, RATHK buf 28— 5. kT Go ILHIEH
M—2eBil, WA B EORAERGR LI SR (Go iE S Mgt ATy, Mk WSk,

TR, ¥ gp.sched MAHI R I E 2] CPU Xf R a7 4795 . B EZ 1]/ sched.sp fl sched.pc, Ai#H KGR T SP %47

B JEEWRAEE] BX BAE8, fJa— 2B AR A B BB LT GG B AT o Wi 2 BT SCE, BATRNE, X BEAFRR
runtime. main PR L

B2, TERTENR T RMERICIRZ], M g0 #E| gp, FFHEPAT runtime. main PREL

H—ikini FEE S 45— N M g0 Y)4%3] main goroutine (13t f#:

AR F s BRSO (www. topgoer.cn) f - 197 -



schedule ¥ a{a] J& 51

( o

&1F 90 EEER

% main goroutine

M g0 =% t1RE] gp %

BkEER gp.sched.pc

4T runtime.main

SE BN

[R# AEFEIR ] https://github.com/changkun/go-under-the-hood/blob/master/book/zh-
cn/part2runtime/ch06sched/exec.md

[go iEZHLHRIEHAR MR A F] https://mp.weixin.qq.com/s/8eJm5hjwKXya85VnT4y8Cw
[ X Go plan9 iL%i] https://github.com/cch123/asmshare/blob/master/layout.md

[Go ESHZmE] https://chai2010.cn/advanced-go-programming-book/ch3-asm/readme.html

A SR 3 R SCRS (www. topgoer.cn) i % - 198 -


https://github.com/changkun/go-under-the-hood/blob/master/book/zh-cn/part2runtime/ch06sched/exec.md
https://mp.weixin.qq.com/s/8eJm5hjwKXya85VnT4y8Cw
https://github.com/cch123/asmshare/blob/master/layout.md
https://chai2010.cn/advanced-go-programming-book/ch3-asm/readme.html

schedule 7 u{iz %

schedule ¥ anfiliz 4%

=%, AP main goroutine Ll %@ goroutine (IR i 2. main goroutine i )5 HEE A exit(0) fi15R Mk
FRIBH, i@ goroutine iBH G, WHHT T —RAIMIAA, & XYH g0 #, #$#4T schedule F%T.

MHTTH ) SC B RARITE, il goroutine (gp) #t/27E schedule ¥ iikr, REAHIIAT. MAE, gp ITEL
G, FHAHEN schedule s¥t, TEH— MBS, XAMEHARK T, FATALLEHERRE—T.

EREHE |

0_go } BT
schedinit ESAL ‘ E3
%
. - : = |
| #®
IR t I
newproc prus | p
argc “
o stackhi
mstart @ e o stack.lo
)% sheedule MiX ® mstart BB //  stackguard1
T BEFHR{ER g0 % mstart1 RSN [/ ///, stackguard0
schedule goroutine JEHF [ m—— (/// -
. . ) S &go_buf /
e T sched.sp
| 3 b
M g0 £1#%:3) gp | ~— — ——  schedpc
= gosave R ¥
14T goroutine [
goenxit P stack hi
e
funcPC(goexit)+1 o stack.lo
goexit1 A stackguard1
# |
o \ _ stackguard0
\ re— /\\\/
LT 2KB / . m
Y sched.pc
[ ) Y sched.sp
goexit0 ¥ gp BAEEH |
27517 g0 #% AP

PR, rt0_go 115t Go BRI AHIMGM, ST TARZ IR TE, ) mstart 2, SAUHRE T g0 .,
P h A [R] s A AN R O R 2 1)

%5 gogo E%L, FEEUN g0 FEIH 7 goroutine %, 3% main goroutine A%l goroutine.
ZJG, $AT main eREEGE S E g L goroutine 155 .
PuAT5EMSE, main goroutine LR eixt(0) iBH, il goroutine M goexit -> goexitl -> mcall, 5&pkHiH

goroutine B H JEFIITEHE T/E, AR5V g0 %, A goexit0 %L, ¥ I5iE goroutine WINEIZ A, FEiHH
schedule AT H— 5 IRIE .

schedule() —> execute() —> gogo() —> goroutine f£%% —> goexit() —> goexitl() —> mcall() —> goexitO() —> sched
ule()

ARSCRS S H R OCR (www.topgoer.cn) i - 199 -



schedule 7 aniffiz 4%

LR R, —HEENAE schedule mEJFIR, St — RAIEFEFIRIAA schedule MECRIEAT B —5HIAIE, N—
SRR B B — SR B R FEAR N — AN IR IR

KRR BRI R IR A TR LR EEIEIR, 1A Go A AEZ A TAELRE, 8 TIRLREMARITE
H S A .

MR FRFSAMHT T LAY, LT REARSR e 05— ECPIARAE R, BAR | goroutine fE%—> goexit() —>
goexit10) —> meall ) J27E g2 MKAIIT I, (R T IEEHRAE 9O MR FIHITHY.

WA REHR T, £ DRI, WA RS AT RGBS AT RS R [ ) s BOR K
FHAGE, R — R R 2R O ], TR — ERX A TER MR £ e g0 A2 T A& T &
FEIR, AT HRARA WY HSR A T SR T, BT mcall U133 gO Hair #4114 21
g0.sched.sp Fri e &, X2 AT, IEEE M schedule MEUTI6 2 )5 10— R8I R EUKIZHIA IR 1],
JIT LA ZE P K A g 50— 8 FRE I TS P S PO A A2 A TR AL

AR N BRI s 2 BBl R, MR EGR IEIN, 2 BBl /N, X RN R AR R B SP AR
o bR IX e s B AR M, Ut AN BB A R M, A R R
Ky g0 —HEAsNE, FraCZiitRaAH sp it REESAE T . & R PEIE A A 2 o B R BEARFA AR a8 5% !

SEBH

LK% 5K 4F main goroutine [FEE H K HEEIR ] https:/mp.weixin.qgq.com/s/XttP9q7-PO7VXhskaBzGgA
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sysmon J& & LR T H 4

sysmon J5 & LM 14
fE  runtime.main() PRECP, AT runtime init() AT, £JAB—A sysmon MBRELR, PUTE G RS

systemstack (func () {
/) G FELEFE, (2L ML FiifERs, s ZR p KEERIA[iE1T
newm (sysmon, nil)

b

sysmon  PRECRMKHEE P HiEHAT, B newm BEOIE—A TIELR:

func newm(fn func(), p *p) {
/) G m XS
mp := allocm( p , fn)
/) BT m
mp. nextp. set( p )
mp. sigmask = initSigmask

execLock. rlock () // Prevent process clone.
/) CIERGLTE

newosproc (mp, unsafe. Pointer (mp. g0. stack. hi))
execLock. runlock ()

S alloem  7EME RBIE—Am, #3FEHH  newosproc BRSNS TIELRE:

sre/runtime/os _linux. go

//go:nowritebarrier

func newosproc (mp *m, stk unsafe.Pointer) {

ret := clone(cloneFlags, stk, unsafe.Pointer (mp), unsafe.Pointer (mp.g0), unsafe.Pointer (funcPC(mstart)))

et I clone LA RGLRE, BTZRE M mstart MEBUTIRIAT . clone  BRELHIC ST & S

"/ int32 clone (int32 flags, void *stk, M *mp, G *gp, void (*fn) (void));
TEXT runtime * clone (SB), NOSPLIT, $0

/) RGN 2S5

MOVL flags+0(FP), DI

MOVQ  stk+8(FP), SI

MOVQ $0, DX

MOVQ $0, R10

// e mp, gp, fn 5N EEfFRE, XL
MOVQ mp+16 (FP), RS
MOVQ gp+24 (FP), R9
MOvQ fn+32 (FP), R12

/) BV clone
MOVL  $56, AX
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SYSCALL

// In parent, return.
CMPQ AX, $0

JEQ 3(PC)

/) REFE, R[E]

MOVL AX, ret+40(FP)
RET

// In child, on new stack.
V) BT RE CPU BT B0 T AR T
MOVQ SI, SP

// If g or m are nil, skip Go-related setup.

CMPQ RS, $0 // m

JEQ nog
CMPQ R9, $0 /) g
JEQ nog

// Initialize m~>procid to Linux tid
/L gettid REHHKMLERE ID (tid)
MOVL $186, AX // gettid

SYSCALL

// ®E m procid = tid

MOVQ AX, m procid(R8)

// Set FS to point at m=>tls.

/) TR TRRINIGIE ik, MR ELFEARMAEE, B m ZRIEN R ARG T AL FEICIEE R,
// FEHGTE$ G 57 8% EHLE RN TLS, 7 m X RAI L AL FE I K

LEAQ  m_tls(R8), DI

CALL runtime * settls(SB)

// In child, set up new stack

get tls(CX)

MOVQ R8, gmRY) // am=mn
MOVQ R9, g(CX) // tls.g = &m. g0
CALL runtime * stackcheck (SB)

nog:
// Call fn
// W mstart EREC. KAIK[E]
CALL R12

// It shouldn’t return. If it does, exit that thread.
MOVL $111, DI

MOVL $60, AX

SYSCALL

JMP -3 (PC) // keep exiting

et clone RGUHAHER S, SHOEL FAFaEL . BN SHURE WZOIRLREN LT, 5 A 8dh e i e %
fEF RS, XA S EE 2L newosproc BB HER I

A m, g0, fn DAIRAERIZF AT, T AR E SR BB SHU A AR B, B RER
TR, TARBBCR R T

BTN SHRAAAE R LIRS A a8 TR, BERR AR SATREIE A I Ao AT 6 e T4
T, JrEAE TARAETT GRS ATIN B AE E R QAR (RAFAE S AE s hE, N ZERX U SHL

ZJ5, VM clone RGN, WREFERMGIEL T —A T8/ AT RN —NAT IR T HAIIT 30, Fe
AR, JXFE AR fork ARG AIRAL  AREGR IR AW B/ R A0 T ALk Rt T2
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AR AR, BEEAEIR N T WA TR, AT MERAE, flinicE tls, #E m.procid 4%,

a4 mstart Bi%, IXE7E newosproc e EU LR . mstart  MRECEHAE  mstartl  , 7 mstartl
HEPATIX—17:

/) BAT IR PG LR, fn == nil

if fn := g .m mstartfn; fn != nil {
fn()

ZHTFAVEI YRR 5, IXH fn 2%, 2Bdi. EEZE, fn sEEJTIE  runtime. main  HLBLEM
sysmon  PRAAL, PMLIXHLLHAT  sysmon T —ANTCIRIER, KAIRE.

FrEL, X EASHATE] mstartl BREUSTN schedule %L, Wi A#t A schedule . EILX 2 —ANAHA p 4561
m, THEEEE AT, RBMPAT TS

Rk, BATMKE  sysmon  ERECBRM T HHA?

sysmon  PAT—ANTEIRIER, —FFARRIEIRIR 20us, 25 (1 ms J5) FERARIRES A 51, RAs—HHE
fRHIE 10ms.

sysmon 14T netpool (GKHX fd i) . retake (35) . forcegc (%M [a5&#IF4T gc) , scavenge
heap CEi H B4 H 2 R M T A7 S D S ab 3,

AHAFEASRRY, BATA R0 retake pAEL:

func retake(now int64) uint32 {

n:=0

// WIBTE R p

for i := int32(0); i < gomaxprocs; i++ {
p_ :=allplil

if p ==nil {
continue

// T sysmon ZFEIORHEIEFE p 1955000 I 6] FTE 170 6]
pd := & p .sysmontick
/b HIRES
s := _p .status
if s == Psyscall {
/)P RTRG W2, GER BT TE
// Retake P from syscall if it’s there for more than 1 sysmon tick (at least 20us).
// _p_.syscalltick HTIERRAHIIAE, E5MF TGN 1
t := int64( p . syscalltick)
if int64(pd. syscalltick) != t {
// pd. syscalltick != p .syscalltick, th#]EENE FEXRNEFIHIZSG T T,
/) AR TGIN—IR R, Pl ds ZEHE il R tick Fl when {4
pd. syscalltick = uint32(t)
pd. syscallwhen = now
continue

/) RBJEE R =PRI e iz p, B RANE

/1. p BIE{TBA A B I S TH] goroutine
/2 BATLHIHEFER p

/30 M E—RIEIELEFENNERE] p XTHT m 4T R 2 A EIPE S L 10 Z/
if rungempty( p ) && atomic.Load(&sched. nmspinning)+atomic. Load (&sched. npidle) > 0 && pd. syscallw
hen+10%1000%1000 > now {
continue
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}

incidlelocked (-1)
if atomic.Cas(& p .status, s, Pidle) {

nt+
p .syscalltick++

V FH—HHT m BE p
handoffp( p )

}
incidlelocked (1)
} else if s == Prunning {

/) P L FETRE, BBEEGIBITBAAT
// Preempt G if it’s running for too long.
) FERAE— IR, RS ++
t := int64( p . schedtick)
if int64(pd. schedtick) != t {

pd. schedtick = uint32(t)

pd. schedwhen = now

continue

pd. schedtick == t P (pd. schedwhen ~ now)iX B ] R &40 1 Z

/) X BT A2 [F]—f~gorout ine— EITEIE1T, B MIELLIZITHEILT 10 Z#
if pd. schedwhen+forcePreemptNS > now {

continue

}
/) FEBIBETEN 10 ZR T, Rt gk
preemptone (_p )
}
}

return uint32(n)

MG R G, EELNAT _Psyscall F _Prunning IR p AT .

®EHETREAHAR P

M P AT Psyscall  IRZSE, RBIXTRI goroutine IEEMHT ARG IHM . WIS p, 5B L LS

1. p A AT A S LA 51512171 goroutine. 3XI p #RER) g IE/EHAT RGN, ToEBPUTIAN g, R 2%
B p RPAT AR g,

2. AT T FEFE"1 po sched. nmspinning ~ Fl  sched. npidle  #4 0, XEEWMRAEEA R ITEH m, HEA
BRI p, KEHLE ", FREAIRZ TIEEM. I ES 5 S HT p, LR —30 Tk,

3. MRS R p X m AT RG22 PRI AT 10 =R, XU RS e Rk, &
FILEATH O, DAORAEAE retake  BREUREMEAH 0, IXFE, 2{#FF sysmon £FE 20 us (IS E AN, #L5
sysmon W% 1S 1k o

R, AR EA 5%, =8B 24 2 HIT T M continue, W AIETIE & BB T S 01, H 5
LEANGFAE DT 7. TRIA 7 BB =FE .

W B 5 0 p R, SRR TR p MREEECN  Pidle , BJSUA | handoffp | MEATH.
func handoffp( p *p) {
/) UIR p KU T AEE £ mA TE, wFEHE—1 n

if !rungempty( p ) || sched. rungsize != 0 {
startm(_ p_, false)
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return

/) TR E p #SEIELT goroutine, WHRZIEI, #FZE/E5) m

if atomic. Load (&sched. nmspinning)+atomic. Load (&sched. npidle) == 0 && atomic. Cas (&sched. nmspinning, 0, 1)

{ // TODO: fast atomic
/) p REXMTAE, FH)— 1 EIE m K TAE
startm(_ p , true)
return
}
lock (&sched. lock)

/) R LE

if sched. rungsize != 0 {
unlock (&sched. lock)
startm( p , false)
return

/) B LAEELFE, # p A 2G5SR
pidleput (p )
unlock (&sched. lock)

handoffp  FRIRIBEATIASCAINT, LAHH  startm  BEEI— P TAELFERIE p, 1A TAEGRS:HEE .

2 p BIAMZ AT A JRis 7 B T A F71247 () goroutine, WWIEERL TAEZH, P/ startm(Cp_,
JAF—A mokEs G p, 4RSI,

MR T AT p 4h, FALETE R p #AEIEAT goroutine, BEHIRTFACF, FEAN A H CRUSHIL MR E OBl
PHTERRTAE, ##EZ— m, HEMS m T aieiREs, fp 8a2)5, RIEKEITE,

IR, WERSHERE TARSALEE, 5 p BN 4R 2% IR BA B AL .

PAEE KRG startm BREER L T A 4

// runtime/proc. go

/I m RE b, WIEERE m AEEE 1
/)W p A, LSRR — M T A AR p, WIRFEE] p, HSELAT4 EA
func startm( p *p, spinning bool) {
lock (&sched. lock)
if p == nil {
/) BEIRE p WFEZEMERZ N H IR —1 p
p_ = pidleget()
if p == nil {
unlock (&sched. lock)
if spinning {
/) WERICE] p, T SRS T EERZESHI m 5=
if int32(atomic. Xadd (&sched. nmspinning, -1)) < 0 {
throw(“startm: negative nmspinning”)
}
}
/) REZENT p, E B[
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return

/M m FIRBA S SRR E AL T HERR.S G T E 2672,
/) A TFHERRARES G m 5 2EUEBA S
mp := mget ()
unlock (&sched. lock)
if mp == nil {
/) WERBAGHEE] m
var fn func()
if spinning {
// The caller incremented nmspinning, so set m. spinning in the new M.
fn = mspinning
}
/BRI T AE26FE
newm(fn, p )
return
1
if mp. spinning {
throw(“startm: m is spinning”)

if mp.nextp != 0 {
throw(“startm: m has p”)

if spinning && !runqempty( p ) {
throw(”startm: p has runnable gs”)

'/ The caller incremented nmspinning, so set m. spinning in the new M.
mp. spinning = spinning

/) RE m B EEELH p

mp. nextp. set( p )

/G m

notewakeup (&mp. park)

FAE p NERIE L, BEENERER p IR, fUREGRE], WEERN . wRE [ spinning b true K, BT

BE R 4 R AT E RS m U - &sched. nmspinning .

FET p, KRG mo SEHA mget  BEARRTHE m ST RHI—A m, BEREERE m, WZEA newm Hil

@ m, FHWREET spinning A true (15, JEE R E L mstartfn:

func mspinning() {
// startm’s caller incremented nmspinning. Set the new M’ s spinning.

getg (). m. spinning = true

XFE, 83 m S, 7€ mstartl EEE, #EA schedule 73517, 4T mstartfn g%, 158 m T B ERE.

BTFARIEF BT GREIT p M m) KIAEE:

mp. spinning = spinning
o/ WE m B EEEGH p
mp. nextp. set(_p )

/) B m

notewakeup (&mp. park)
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WHE nextp NIKEIM p, A notewakeup Mg m. ZFTEATH findrunnable sEUIS %, 6T 5E B AR E TAER
m, EATEA  notesleep(& g .m.park) , fiif3 m SENBEIRIRS . MAEXTHEIET, FEZKHE WL, KHMGE:

// src/runtime/lock futex. go
func notewakeup(n *note) {
V WE n key = 1, #IREEIILTFEEN BEIZEEGET 1
/R RE AR T B 28 FE NG BT A2 B S M AR 1 77
old := atomic. Xchg (key32 (&n. key), 1)
if old != 0 {
print (“notewakeup — double wakeup (7, old, ”)\n”)
throw ("notewakeup — double wakeup”)
}
futexwakeup (key32 (&n. key), 1)

notewakeup R H S atomic. Xchg WE note. key fERH 1, IXAN T s g () 28 R ] LLE
W ERZEAGET 1 R0 E 1 H © R i & = SRR - 25 T 1ok

WRAZAE Y 1 MRS R MR R, R AR TAF, (B RAZAE N O MRS RSP 5B, 5 2 Ot N BEIR .

i futexwakeup SRR TAELRFE, T futexsleep AR .
func futexwakeup(addr *uint32, cnt uint32) {

'/ U futex BRAUIGHE T (EZFE
ret := futex(unsafe.Pointer(addr), FUTEX WAKE, cnt, nil, nil, 0)

if ret >= 0 {
return
}
}
futex  HVL4WIET LML, pTHCEod, XEBAELZ T . FEANFRELESTSE, REHTR5HA, AN
M B ZR R

WAL AE 58 UM TAE 2 J5 480 TAELAE M N AZIR 91 3] futex ek kST SYSCALL 454 2 5 IR ARHE - 44 ek 2 5
IR [E], ZRSEAT I e A .

TR FR) T A Rt ) ey A% £ S /38 2 IR I EE 2 CPUL 3 AT

G KE 2T P

PAIE, Go scheduler SRAHTE MR PMER I S RFE, BURUIARGIRE, KEMAFFIMEXR, HAHGT. X+
K FIZATH) P, sk b P LK HZ 171 goroutine, sysmon Sl B AT, SRGRE —HiiE, #5
goroutine H ik CPU MI#ATAL, 4 HAlh goroutine —%414s.

BENRBAT R T P & F _Prunning  IRASHIHE . sysmon A p I, ESIC TN R0 B S A B IR
HORUH AT ], HARCSRAE S k-

type sysmontick struct {
schedtick  uint32
schedwhen  int64
syscalltick uint32
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syscallwhen int64

T PR 7 B AT 7 A 22 5 R L AR BRI i), T A B 3 R 0 R P R o ORI ]

FE R — Ui, XL sysmon (03 R0 p (R B RECRIR ], 52401 p EH Sk B IR E BRI R b, 8 Bt
B P 7EIX— BE ) ) — B AR 21T [A —A4> goroutine. FRELRKiFE— FigiTi 2GR RK T .

IR RPUZIT R T 10 ms, WZJEMA  preemptone (_p_) PR IR K

func preemptone( p  *p) bool {

mp := p_.mptr()

if mp == nil || mp == getg().m {
return false

}

// #EH6 T goroutine

gp := mp. curg

if gp == nil || gp == mp. g0 {
return false

gp. preempt = true

// T goroutine PAHSHIEFR IS FLEHE TTIE £ AT g. stackguardO,

/) RIBAR B RAE T Helii o stackPreempt FEFE KII—14L, AT IFEHA
// stackPreempt = Oxfffffade

gp. stackguard0 = stackPreempt

return true

A ¥ stackguard0 W8 T AMEKHIME, e stackguardO fHh 5 78 s& S0 AT 00— BOC g A BT

H AT 1T

package main
import “fmt”

func main() {
fmt. Println (“"hello gcrao. com!”)

=

WiTn s

go tool compile —S main. go

RN RS :

”” . main STEXT size=120 args=0x0 locals=0x48
0x0000 00000 (test26.go:5) TEXT ”” main(SB), $72-0
0x0000 00000 (test26.go:5) MOVQ (TLS), CX
0x0009 00009 (test26.go:5) CMPQ SP, 16(CX)
0x000d 00013 (test26.go:5) JLS 113
0x000f 00015 (test26.go:5) SUBQ $72, SP
0x0013 00019 (test26.go:5) MOVQ  BP, 64(SP)
0x0018 00024 (test26.go:5) LEAQ 64 (SP), BP
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0x001d 00029 (test26.go:5) FUNCDATA $0, gclocals * 69¢1753bd5f81501d95132d08af04464 (SB)
0x001d 00029 (test26.go:5) FUNCDATA $1, gclocals * e226d4aec4a7cad8835311c6a4683c14f (SB)
0x001d 00029 (test26.go:6) MOVQ $0, 7”..autotmp 0+48(SP)
0x0026 00038 (test26.go:6) MOVQ $0, 77..autotmp 0+56 (SP)
0x002f 00047 (test26.go:6) LEAQ type. string (SB), AX

0x0036 00054 (test26.go:6) MOVQ AX, ”7..autotmp 0+48(SP)
0x003b 00059 (test26.go:6) LEAQ 77 statictmp 0(SB), AX
0x0042 00066 (test26.go:6) MOVQ AX, ””..autotmp 0+56 (SP)
0x0047 00071 (test26.go:6) LEAQ 77, autotmp 0+48(SP), AX
0x004c 00076 (test26.go:6) MOVQ AX, (SP)

0x0050 00080 (test26.go:6) MOVQ $1, 8(SP)

0x0059 00089 (test26.go:6) MOVQ  §1, 16(SP)

0x0062 00098 (test26.go:6) PCDATA $0, $1

0x0062 00098 (test26.go:6) CALL fmt. Print1n (SB)

0x0067 00103 (test26.go:7) MOVQ 64 (SP), BP

0x006c 00108 (test26.go:7) ADDQ $72, SP

0x0070 00112 (test26.go:7) RET

0x0071 00113 (test26.go:7) NOP

0x0071 00113 (test26.go:5) PCDATA $0, $-1

0x0071 00113 (test26.go:5) CALL runtime. morestack noctxt (SB)
0x0076 00118 (test26.go:5) JMP 0

AT 1 B AR BRI i 2 B el B g i LTS, B AV, JXRBERE 17 BTl RSN B NS, B BORR,
ETHE 2L, REZ RGNS L FRE M SFIRITY], Xt — MREFHIE T

0x0000 00000 (test26.go:5) MOVQ (TLS), CX

FAHAE A tls fRAFE] CX T 7a,  (TLS) FoRBRIREN g, X Bl & i pTvF2l main gouroutine.
0x0009 00009 (test26.go:5) CMPQ SP, 16(CX)

Ehie SP 2if7#s (fR3R 2417 main goroutine MIFRINZF /758 A1 16(CX), FATEF g gafk:

type g struct {
// goroutine 1/

stack stack // offset known to runtime/cgo
/TR RIT R A e 2

stackguard0 uintptr // offset known to 1iblink

X g BH AU stack gitfk:

type stack struct {
lo uintptr
hi uintptr

16 F. M 16(CX) ok g MR 16 T, BT g M —ATEL st g stackguardd | FEL

Wit SP /NT g.stackguard0, X2 RK), BONAETH 44 g.stackguardO BB 17— AR RIME, FkBEkEE S 7 113
7o

0x0071 00113 (test26.go:7) NOP
0x0071 00113 (test26.go:5) PCDATA $0, $-1
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0x0071 00113 (test26.go:5) CALL runtime. morestack noctxt (SB)
0x0076 00118 (test26.go:5) JMP 0

i H runtime. morestack noctxt BRI

// src/runtime/asm amd64. s

TEXT runtime * morestack noctxt (SB), NOSPLIT, $0
MOVL $0, DX
JMP runtime * morestack (SB)

HZE L E morestack PR

TEXT runtime  morestack (SB), NOSPLIT, $0-0
// Cannot grow scheduler stack (m=>g0).
get tls(CX)

// BX = g, g &~ main goroutine
MOVQ g(CX), BX

// BX = g.m

MOVQ g m(BX), BX

// SI = g.m g0

MOVQ m g0(BX), SI

CMPQ g(CX), SI

INE  3(PC)

CALL runtime * badmorestackg0 (SB)
INT $3

. ceorcammonnmonmnete]

// Set g—>sched to context in f.

// AGERBR [EI BRI E] AX EFREAS

MOVQ 0(SP), AX // ’s PC

/7 FEEREIR [ (R AFE] 8. sched. pe

MOVQ  AX, (g_sched+gobuf pc) (ST)

// g sched. g = g

MOVQ ST, (g_schedtgobuf g) (ST)

/) B HEREAERF, 1 morestack noctxt ZHIHJ rsp
LEAQ  8(SP), AX // [’s SP

// K main ERECHIEE THEE(RAFE] g. sched. sp
MOVQ  AX, (g sched+gobuf sp) (ST)

// K BP #1r#8tRArF] g. sched. bp

MOVQ  BP, (g sched+gobuf bp) (ST)

// newstack will fill gobuf.ctxt.

// Call newstack on m—>g0’s stack.

// BX = g.m g0

MOVQ m g0 (BX), BX

/) K g0 (RIFEIAH A7 tls

MOVQ BX, g(CX)

/1 g0 HeHIEG I Ar 7SI M R Z CPU HI# 17 4% SP, AFIGIHACHIH R, FIEX —FK15SHATZ 01,
// CPU i 2AERINT UL AL & HIFe, PATZIE CPU BEIFAREMH 20 HItE T
MOVQ (g _sched+gobuf sp) (BX), SP

/) RS

PUSHQ DX // ctxt argument

/AR [E]

CALL runtime * newstack (SB)

MOVQ $0, 0x1003 // crash if newstack returns

POPQ DX // keep balance check happy

RET

ARSCRS A H RSO (www. topgoer.cn) i 4#- 210 -



sysmon J& & LR R 7 A4

FEME TR 2417 goroutine, Wil main goroutine AT M 5 BRAZS] g.sched /1, DUHELEE B S AT
I, AP .

RJa, ¥ g0 MhkfRAF R ts AMuArEek, IFHUIE) g0 AdtiT 2 F AN, ARS8 H newstack pR%:

func newstack(ctxt unsafe.Pointer) {
// thisg = g0
thisg := getg()

// gp = main goroutine

gp := thisg.m. curg

// Write ctxt to gp. sched. We do this here instead of in
// morestack so it has the necessary write barrier.

gp. sched. ctxt = ctxt

morebuf := thisg.m. morebuf
0
thisg. m. morebuf. Ir = 0

thisg. m. morebuf. pc

thisg. m. morebuf.sp = 0
thisg. m. morebuf.g = 0

/) K& g stackguard0 2 EH#ikEKTE LrE
preempt := atomic.Loaduintptr (&gp. stackguard0) == stackPreempt

if preempt {

2

if thisg.m. locks != 0 || thisg.m mallocing != 0 || thisg.m. preemptoff != || thisg.m. p.ptr().status
!= Prunning {

/) )R stackguard0 AIEFEAE, FnFNTELELPEN1E g R T

gp. stackguard0 = gp. stack. lo + _StackGuard

/) e, I gogo HBLEIETHAIXT g0 AR E M schedule %2k S —1~ goroutine

gogo (&gp. sched) // never return

if preempt {

if gp == thisg.m g0 {
throw(“runtime: preempt g0”)

}

if thisg.m.p == 0 & thisg.m. locks == 0 {
throw(“runtime: g is running but p is not”)

}

// Synchronize with scang.

casgstatus(gp, Grunning, Gwaiting)

// Act like goroutine called runtime. Gosched.
// ME204 running, RIS T
casgstatus(gp, Gwaiting, Grunning)

// M gopreempt m #% gp Y%

gopreemptfm(gp) // never return
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ERTIRZERCEARE MY, WESTI AL FOGEA R AR 55—k preempt b2 true i, fET g
FPRZS, RIUAREIE Y, GIOEFrgE P IRERAS AR Prunning . JBELIKEE1) stackguard0 5B, TFUiA4eE
X—ERET. RE, WA gogo (&gp. sched) 4R SEHAT 1 HT Y goroutine.

) AR EE TR 2 FIWRAR, FRCHIET preempt FREAE true B, i gopreempt m(gp)  H gp Vet %,

func gopreempt_m(gp *g) {
if trace.enabled {
traceGoPreempt ()

}
goschedImpl (gp)

& A goschedImpl PR

func goschedImpl (gp *g) {

status := readgstatus (gp)

if status&  Gscan != Grunning {
dumpgstatus (gp)
throw(“bad g status”)

}

V EL gp HIRE

casgstatus(gp, _Grunning, Grunnable)
‘ fEEE m Al g HIRF

dropg 0

lock (&sched. lock)

/¥ gp A£G B 1T A S

globrungput (gp)

unlock (&sched. lock)

) AR —HE B R
schedule ()

K gp KREECON  Grunnable , JRAERANETAS, 65 FIRA m RERIIK TAEN A gegkgiafr, ERfos
AT LA 1 S N — L2

. W schedule O BEGHENBT—REHIIRIZAM, 24K —4> goroutine HIZAT, KARM

ZHE, KT sysmon LREfER T DK B M 7, RATE LM% 1.

Efll

BE—T

13 AT RGOEMM P, kA m B, LUs{THAMR goroutine,
2. BigAr it K goroutine WIEH 25, #4534 goroutine IZ1TMINLE
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— N EEA SR AR B

T Go = RIMEXIMIIE, N BQERMee, EREAMEE, t CPU RS BATIE IR E. W T Go #F higirnf
[aid K1) goroutine, Go scheduler H—A G &R EREE, —HKI goroutine i2/7#id 10 ms, ik #E
goroutine (4t HFRENL", Z GRS S AE . (H R ERREA ML R T E sy, TR ORI
INET .

Golang implements a co-operative partially preemptive scheduler.

FrDAER MmO N, et — Lo fa . R iAok A 25 B0E [scheduler HIEEIET S

func main() {
var x int
threads := runtime. GOMAXPROCS (0)
for i := 0; i < threads; i++ {
go func() f{
for { x++ }
10O
}
time. Sleep (time. Second)
fmt. Println("x =", x)

=

BATEE R AR B AR, Rt 5 A0 2 T ENiE A .
it BT R sh FILE 1 CPU 0 EAH% 1 goroutine, 4~ goroutine #R& AT — AN TR .

B 58X goroutines J&, main EREEHIT %  time. Sleep(time. Second)  i&fJ. Go scheduler & FiXx 4iE4]

G, TEEMNINT, BORIE T . XRREEREFR LR, T2 3 goroutine #HEEE . JeniGIEY  threads A
goroutines, RILF“—A8 h—Ar”, 1M P #8537
TEIXEE goroutine VI, S A FH—LeiE channel time. sleep  IXUELx 5| KBRS TAERIFIG. WROTT,

AR X LE BRI AT R 5 7.

Rk Ap b AT, threads Jik/)s 1:

func main() {

var x int
threads := runtime. GOMAXPROCS (0) - 1
for i := 0; i < threads; i++ {

go func() {

for { xt++ }

1O
}
time. Sleep (time. Second)
fmt. Println("x =7, x)

}
IBATEE R
x=0

AHEFLE 7L, 3 goroutine {RHR—FPJE, #% go schduler FEefig, WEZEI M E4ksidar, FTEI—7iBAR, BH.
goroutine iR 5, HABFTHM goroutine #LZIIREIR . FHE“EH LT KAETIN", —HiE.
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BT ARJGITEII x 25 0, s CEOCRAFEAE) BA YR, XEAMRTT .

A PR RINERAE for PR HLIN—4:

go func() {
time. Sleep (time. Second)
for { x++ }

10)

[@#ER] Lk main goroutine B HL LT .
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452 go shceduler

H4 2% go shceduler

H4 7 sheduler

Go R AT Z41IR: Go Program, Runtime, B FRFRUSATES . BT 2 [RE T oR 250 FH >R Sl oy A7 45 21
channel i#{5. goroutines G5 ThAE. H P FRF AT RGOS Runtime $24k, DAk Bhe db AT 1 5 DL R by 3 vl
WIS T Ak

AL T A A LT

I
| Go Program :
| |

Go Executable| f T T
memory channel creation of |
| allocation communication goroutines |
R’ . B |
I : |
| Runtime
| |
_________ | E—
syscalls thread creation
OS Kernel

Figure 1: Diagram of the relationships between the
runtime, OS, and programmer defined code

AHALE scheduler

Go scheduler AT LAt e Go iZ4T A — AN EEEIFS 7« Runtime Z4E47 fi#A (9 goroutines, Jfifiid scheduler ski#1714
J%. Goroutines fll threads /2 7 f, {H/2 goroutines Z{K#i threads A BEHIT -

Go MFPATHIE A scheduler BI85 &> AT

scheduler EEE#
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bR EAERRE RGE R, P IR #OLEHUT £ 4. 4 goroutines Z BIZkFE EHAT, (XU runtime 20—l
o, EEMERGZ ERRT

B AR S5 AR S2BL goroutines FIRE. g, m, p.

g & —4 goroutine, BfLF: #IK goroutine &M —EZE, FR/RMAT goroutine HPIRA, 4R/ 4uTig T 2R
Athdl, i PC fH.

m RN WAZLRE, WE IEFEIZ1T goroutine B,

p  ARE—AERW Processor, ‘E4E—A4T Runnable R4 g BAAI, m RERS p ARREBAT

IR — MO SRk sched , TR,

Runtime #2422 Ea—2% G: B EN G, PUTRER G, BT ARIBM G: JF A&l —4 M ARITEE G migfT.
BEAE IS HERS, 20 G SWEIEHR, EEZH M il dik.

MR, AE Go IR, I p XAGIIE, n o BN RS EIRCEE T g, B EERIR
A EJRIBL MIFRE R, SR TR, JEAA/E B Dmitry Vyokov RISKELEL, kT p ik, B4
p  HC4E AT Runnable REM g BIBAF, iR T BRI 4R Bl AL

Go scheduler ) H #5:

For scheduling goroutines onto kernel threads.

#schedgoals

for scheduling goroutines onto kernel threads.

& use a small number of kernel threads.
ideas: reuse threads & limit the number of goroutine-running threads.

& support high concurrency.
ideas: threads use independent runqueues & keep them balanced.

& leverage parallelism i.e. scale to N cores.

ideas: use a runqueue per core & employ thread spinning.

Go scheduler %0 AR

1. reuse threads;

2. [RFEIRGEAT (OMEEBRZE) MLREECN N, N %F CPU %040 H ;

3. LA runqueues, I H AT DLMHABLZERE stealing goroutine SKizsfy, ZEREBHZE)S, L% runqueues fLifigh H
fhZeFE .

T ATE P IXANLE, EESE runqueues JE M R4 ?

You might wonder now, why have contexts at all? Can’t we just put the runqueues on the threads and
get rid of contexts? Not really. The reason we have contexts is so that we can hand them off to other
threads if the running thread needs to block for some reason.
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An example of when we need to block, is when we call into a syscall. Since a thread cannot both be
executing code and be blocked on a syscall, we need to hand off the context so it can keep scheduling.

WiE—TF, H— LR MR, KREgEr P LI goroutines ¥ & 3| HAh 252 .

Go scheduler £ B3N F G 4HE sysmon, AISRENICH T G 10 ms) iE47H) goroutine, ¥ ILiHE 5] global
runqueues. XZ&—2RFH runqueue, ALK LR, LURET.

limitations

FIFO runqueues — no notion of goroutine priorities.

Implement runqueues as priority queues, like the Linux scheduler.

No strong preemption — no strong fairness or latency guarantees.

recent proposal to fix this: Non-cooperative goroutine preemption.

Is not aware of the system topology — no real locality.
dated proposal to fix this: NUMA-aware scheduler

Use LIFO, rather than FIFO, runqueues; better for cache utilization.

B3R

JEHJEE] Go scheduler #2325 GPM #8, AR — MG .

TEREBMEAN mac MEEHEL, RH 2 M.

MacBook Pro

E i

HEER: MacBook Pro

BEFRIARE: MacBookPro12,1

LHEZEER: Intel Core i5

APRERE: 2.7 GHz

pLg: Erd{=H 1

A 2

L2 7% (S148) : 256KB

L3 #iF: IMB

mE: 8 GB

Boot ROM RRZs: MEP121.0177.B00

SMC hR# (R4E) - 2.28f7

FHE (Rif) - COZRAQIIFVHI

B UUID: E093D02F-4857-56FC-A1B7-DBYFISFIDBSS

fE2RC b CPU HURELRE, 1 MZ AT DRk 2 A, Prbh43fE mac LigfT Fmre e, ATel 4.
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func main() {
NumCPU 3% [a] 2 FRE AT L :
fmt. Println (runtime. NumCPU () )

25 NumCPU iR [l (5 32 A% 08 TR ERAZ O, P A28 8 212 4.

Go BF a8 G, S4B OSH —4 P (Logical Processor) ; [, £48A P 4 —4 M (Machine, RN
L), XUEEPZLEFEISR R OS scheduler SKif & .

AN, HREAHED A Go B, 2535 4 DRBUHEEPITES, FNLBESER -1 P,

FEYIRERS, Go P& —1 G (initial Goroutine) , HUTIEA IR, G 27E M _EARIHAT, WIZLRLZE/E CPU 0
LHEE, T G WETE M LTI .

G. P. M #UisE T, AWM EEWAIRAIRE: SRHETg (GRQ) FIAMWIZITIA%] (LRQ) » LRQ {#ifA
o (ke BRI P [WTATIZE4T goroutine, GRQ g4 s M 1217 goroutine, X4t goroutine &% 4Bl H HAKK) P,

GRQ

Core

G M

LRQ

G)(G)(G

Go scheduler 5& Go runtime ffj—#i4r, ‘BHNIR(E Go 7R, M Go B/F—ilLigfr. Bk eigfTEM 20, £ kernel [
L—JZ. 1 Os scheduler # 530 (preemptive) &~—#f, Go scheduler XAHMERFE (cooperating)

Being a cooperating scheduler means the scheduler needs well-defined user space events that happen
at safe points in the code to make scheduling decisions.

e T — 2 i P B S, Bl python ) yield 2451 Os scheduler a] LUK R RIEH £ T .

A M T4 Go & B, goroutine JAEMZE £ M Go runtime skfit, FEARM P4, Fre kAR w LI Go
scheduler &m0, OV P JCVETAE 2~ — B s &4t 4.

FIZEFEIAL, goroutine FPIRZSHZ = A (RifLARID -
RIS FRRE

FRPIRA, goroutine TESRfF AT H R R A . FIUNGERE NS H A . AlAY

Waitin
g VR ERIE B0 AP, 4575 Py 7 IS5 17 1 4 £F ready. 41 atomic, mutexes

Runnable R, HES M HEata LLgfT
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o
N

-
1

Executing = izf7Ik4&. goroutine £ M _EFUUTIRS, X REFATAE (Y

Tiixsk GPM & RS AR E AL, TTUEE, ER/ami R/ EZ REN kS, IR B

Workflow
R L E L L L Sysmon --------------- //----+
| |
| I
+---+ R + Feomm e + Feommte--t
go func() ---> | G | ---> | P | local | <=== balance ===> | global | <--//--- | P | M|
+---+ e + Feomm e + R
I | |
| e ! |
+----> | M | <--- findrunnable ---+--- steal <--//--+
+---+
|
|
+--- execute <----- schedule

+--> G.fn --> goexit --+

go creates a new goroutine

newly created goroutine being put into local or global queue
A M is being waken or created to execute goroutine

Schedule loop

Try its best to get a goroutine to execute

Clear, reenter schedule loop

oo h WN =
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2 2M:NE A

PAIERENE, Go runtime 2157 goroutine MIZEIE, MRS, #B—FMJ/r. Runtime S7ERETF A shmE, @z
M NEFE (CPU HUTHEIISAD) , 25021 N 4> goroutine #& kB 7EX M ANEFE EHAT . X2 M:N 5.

0S thread:

0S thread;

g1 g2 Je6 g2
93| 05 01 g4
M:N scheduling
TER—Z], — N R BEM—4 goroutine. 24 goroutine &AEBHZE (il s c s 42 8 —4> channel &% %,

WEPHIE) I, runtime £ 2477 goroutine HJEE, ikH Al goroutine kAT, HEIEREAIE—NELENDE, T CPU (K4

K
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H2 Fworkstealing
Go scheduler FIER ALK A 4T runnable f#) goroutines 513 i #I7E P _LIZATHI M.

B4 P RIECH LRQ B&%A G I, £M)JIUl P “fii” —4 G Rizfr. HHEXL KM BCMLENTET, BT4a
JER g, BB IXEFRN Work-stealing . Go M 1.1 JFAAsEL.

Go scheduler ffiffl M:N %4, 7E{E—K %], M 4> goroutines (G) EAMCH| N MNZLIE (M) , X M HI/EN SRS
y GOMAXPROCS [ 4 (P) . &AM BAUKIHT— P, &A P AER—KZI R G8iEir—4 M. i P Ly M
FHZE T, et ZHARR M kig47 P 1 LRQ B goroutines.

global queue

local queue local queue

f)OOOOOOO

P2

AN, R TR E R W = AIER0R M, BEZROR G, HIBRR P RS EEAE SR .

Szhr I, Go scheduler &—#& i 5 Z {1 TAE 24K 24T runnable 1) goroutines, JEHuUTe. FRAINT U1 F:

runtime. schedule () {
// only 1/61 of the time, check the global runnable queue for a G.
// if not found, check the local queue.
// if not found,

// try to steal from other Ps.
// if not, check the global runnable queue.
// if not found, poll network.

HE—AATHATH goroutine J&, e —EHMIT X, EHBIWHL%E.

4 P2 Ef—A G HUTHH, B2 LRQ FMUF —4> G ok#fT. Wik LRQ BE4% 1, il Az Iy eai i G
AT, JFHIXIN GRQ thifi G 1. X, P2 LBEHLLH—A P (B0 P1) , P2 &M P [ LRQ “fif" ik —+1 G.
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global queue (empty)

local queue / local queue (empty)
cannot find work;
steals 3 Gs from P1

P2

PR, BEZM P AT UL—R IR, IEHRAT A G.
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iR scheduler #ME1 TS
T RATVE T GPM S5kik, x—iF, IRA1RIISE Go sheduler S5kMk, DL BN EE 2 (9] aa b 72 .

Go scheduler fEJEIGH LA schedt  , fRAZTAESRIPRESER . &RMAET G BAFIZE. LT

/) ARIF VR BEAS 15 B,
type schedt struct {
// accessed atomically. keep at top to ensure alignment on 32-bit systems.
/) FREF U 71 .
// IRFELE struct TiHS, PMEHR®E 32 fL5% AT LIXTFF
goidgen uint64
lastpoll uint64

lock mutex

/B LAEZEFRA i 2

midle muintptr // idle m’s waiting for work

/) BRI A EL R

nmidle int32 // number of idle m’s waiting for work
/) ERRIAB lock HI m 1%

nmidlelocked int32 // number of locked m’s waiting for work
/) CECIEN TIEA4FEL =

mcount int32 // number of m’s that have been created
/) FINIRZPTRE R TAE 44 &

maxmcount int32 // maximum number of m’s allowed (or die)

// goroutine ¥, Fz)EH

ngsys uint32 // number of system goroutines; updated atomically

/BRI p SR X R B R

pidle puintptr // idle p’s
/) R p ST R B9
npidle uint32

nmspinning uint32 // See “Worker thread parking/unparking” comment in proc. go.

// Global runnable queue.
// EJFEIETHT G
runghead guintptr // JL 22k
runqtail guintptr // BASI/E
runqgsize int32 // JLE#E

// Global cache of dead G’ s.

// dead G HIE /G4

// EiBHiH goroutine XK, ZZ#F FFK

/) BRAFKG)E goroutine KT #THE R 7L A A7
gflock mutex

gfreeStack  *g

gfreeNoStack *g

/) EIN g B9

ngfree int32

// Central cache of sudog structs.
// sudog ZEHIIGLEEFLELE

sudoglock mutex

sudogcache *sudog

// Central pool of available defer structs of different sizes.

/) EKANFIFTRG defer struct HIZEHZE17M
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deferlock mutex
deferpool [5]* defer

gcwaiting uint32 // gc is waiting to run
stopwait int32

stopnote note

sysmonwait uint32

sysmonnote note

// safepointFn should be called on each P at the next GC
// safepoint if p. runSafePointFn is set.

safePointFn  func (kp)

safePointWait int32

safePointNote note

profilehz int32 // cpu profiling rate

/) _EIRIEEL gomaxprocs [HIZHFLIT [E]
procresizetime int64 // nanotime() of last change to gomaxprocs
totaltime int64 // [ gomaxprocs dt up to procresizetime

EREFIBAT IR, schedt  XTRHG Sk, E4ed TIHERNITERE L.
7E proc.go I runtime2.go SCfFHh, AU E EA /AR, A5 HR:

/A g B
allglen uintptr

/RGP g
allgs [Ixg

/) RAFHTE R m

allm *m

/) ARGEHTEH] p,  MaxGomaxprocs = 1024
allp [ MaxGomaxprocs + 1]%p

// b HIRAAE, ERIAZETF nepu

gomaxprocs int32

// FRIFIEBT, S osinit BREGEFUEAE
ncpu int32

/) RS EETEXN R, R TR LRSS
sched schedt

/AT T 2efE

m0 m

// m0 {9 g0, B m0.g0 = &g0
g0 g

FEREFFHIGALIN, XL 4 R A B AT IA N T FREF BRI nil $84T, DIR BT E nil Y1k, int #igh
W 0, AR T A AR B% AT AR A 0 87 1R

R AR R shi allgs, allm flallp #AEAALT g, m F p.
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AMUE Go TE/F, RGBT AT S R 2 285 X T LA BL:

o B FREECRTIRAT SO, gk BN AE

. B BERE AN 2R

- NELRRE AR E]

ACH ARG AT I S B0 LB LR R
ACELRFERNRAE RSB AT NIV AF I

u b WN B

X BANA, KA AT Qo E LI TEROR 1 L R A B

A=A Hello World  HIFIF 2RI —F Go FeFHIgatb i f:

package main
import ”fmt”

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

PRI FIAR H SR

go build —gcflags "N -1” —o hello src/main. go

—geflags “-N -17 &4 7RI ESICAUA BB IR, 7 b 10 LT s R SR AS B AT B 9 AR5 iz 2

32T AT AT SR hello , 47
[qcrao@qcrao hello—world]$ gdb hello

BEXN gdb PWRABIR, BT  info files , EIFTHAT MRS, FIH T S FBL:
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[y, FATHAFE T A Dbl 0x450e20.

(gdb) b *0x450e20
Breakpoint 1 at 0x450e20: file /usr/local/go/src/runtime/rt0 linux amd64.s, line 8.

X2 Go PRI Hbdl, FIEAE linux BIZ47f, FrBAANCSCMA sre/runtime/rt0_linux amd64.s , runtime H
KA BRI AR ERE P AN DS, SCRFSARAE KRG, AR :

TEXT rt0_amd64 1linux (SB), NOSPLIT, $-8
LEAQ 8(SP), SI
MOVQ 0(SP), DI
MOVQ $main (SB), AX
JMP AX

TEUEAC arge, argv WAAFRLE] 7547 4. X H LEAQ AT NAF L, SRISIE N A B B A7 s B, a2 4E argy
LA TSI T3 AFds . R E:

TEXT main(SB), NOSPLIT, $-8
MOVQ $runtime * rt0 go(SB), AX
JMP AX
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k] runtime - rt0 go(SB)  , SE/K go JHBIIFIE MG TAE. AT
/usr/local/go/src/runtime/asm amd64.s , fQURD:

TEXT runtime  rt0 go(SB), NOSPLIT, $0
// copy arguments forward on an even stack

MOVQ DI, AX // argc
MOVQ SI, BX // argv
SUBQ $ (4%8+7), SP // 2args Zauto

/) VBRI A £ A % 16 F X 5%
ANDQ  $715, SP

// arge JXTE SP+16 “F1ikt

MOVQ  AX, 16(SP)

// argv JTE SP+24 ZFTi4k

MOVQ  BX, 24(SP)

// create istack out of the given (operating system) stack.
// cgo init may update stackguard.
/)4 g0 A BEHEAT ]

/7 H g0 HIHHEAEA DI

MOVQ  $runtime * g0(SB), DI

// BX = SP — 64%1024 + 104

LEAQ (-64%1024+104) (SP), BX

// g0. stackguard) = SP — 64%1024 + 104
MOVQ BX, g stackguard0(DI)

// g0. stackguardl = SP — 64%1024 + 104
MOVQ BX, g stackguardl (DI)

// g0. stack. lo = SP — 64%1024 + 104
MOVQ  BX, (g stacktstack lo) (DI)

// g0. stack. hi = SP

MOVQ SP, (g stack+stack hi) (DI)

/) WG m g tls

// DI = &m0. t1s, HX m0 [ tls &ANIHEALE] DI FF{7as

LEAQ runtime * m0+m tls(SB), DI

/) settls ELFEARMAFNE, settls BREHIZEE DI FFi7as
/) ZJE, FEN fs BEFaEE] m tls

CALL runtime * settls(SB)

// store through it, to make sure it works
/) IR £s BRBHTFFAN BX Ffras, FSEpZE mo. t1s[1] HIHihl, get tls HIfCHY g% #54E ik
get tls(BX)
MOVQ $0x123, g(BX)
MOVQ runtime * m0+m tls(SB), AX
CMPQ AX, $0x123
JEQ 2(PC)
MOVL AX, 0 // abort
ok:
// set the per—goroutine and per-mach “registers”
/) R s BREEDEE] BX #1744
get tls(BX)
/g0 HIHBEAFAEE] CX, CX = &g0
LEAQ runtime * g0(SB), CX
/g0 HIHEH R A7 FE LG FEA A7 AT, A2 mO. t1s[0]=6g0
MOVQ cX, g(BX)
/Km0 HIHHEAEAER] AX, AX = &m0
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LEAQ runtime * m0(SB), AX

// save m—>g0 = g0

// m0. g0 = &g0

MOVQ CX, m g0 (AX)
// save m0 to g0->m
// g0.m = &m0

MOVQ AX, g m(CX)

CLD // convention is D is always left cleared
CALL runtime * check (SB)

MOVL 16 (SP), AX // copy argc
MOVL ~ AX, 0(SP)
MOVQ 24 (SP), AX // copy argv

MOVQ  AX, 8(SP)
CALL runtime * args (SB)

/IR R Gt 02

CALL runtime * osinit (SB)
/RS RIAE A

CALL runtime * schedinit (SB)

// create a new goroutine to start program

MOVQ $runtime * mainPC(SB), AX // entry

// newproc WIFE = IZHALE, HELAEFN] goroutine FFBEHATHIFREL
// AX = &funcval {runtime * main},

PUSHQ  AX

// newproc WJG—NZHAKK, 1ZS4 %K runtime. main R 7 ZEIIZE KD,
// BIA runtime. main REZSH, FrLliXEE 0

PUSHQ  $0 // arg size

// B## main goroutine

CALL runtime * newproc (SB)

POPQ AX

POPQ AX

// start this M

/) ELRFEHNENGH, BETHIRIEIZER goroutine
CALL runtime * mstart (SB)

/) KEANEIRIE], J7—i8[A T, crash #

MOVL $0xf1, Oxfl // crash
RET

KBRS G, A Go BEFFtnr Bl 1, RAFFEAZ KA. X PRI IRR] 75 80 4T, tmtR AL AR ISR L R
#:

CALL runtime ¢ schedinit (SB)

schedinit  WEGRIG, WESARSEE WML 7, MBS I RES, TS ML, 5 R IEN#
LT RV 2 AR

bl
¥ SP
F—BACD, ¥ SP R T —ANHhhb g 16 R E

SUBQ $(4%8+7), SP // Z2args Zauto
/) BRI A F s % 16 AN 1IXT 7%
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ANDQ $715, SP

Jefefs SPH 39, WAL THEN T 39 4> Byte, H#TSHEH.

15 WM 4 1 111, FbArAGE 0: HUkJE, AR 0000, EhLMlE4r 1. iXAE, 5 SP
BT T 5855, L4 48R 74 0, whLNAA . ik SP 4k&kin TR SN, I HaX ELEAE—MBhEE 16 by,
16 FATX TR s .

N ABER A2 WK A e AR R BT rt0_amd64 Tinux  RREUHE YR, DI HEAFRIE arge
B, 8 Ay, I SIHENIAFR argy Al 8 s

&argv &argv
argc argc
g «— SP 9 « sP
&argv
SP+24
argc
N — < SP+16
—> «—SP - (2] sP ‘9 sP

—>16 FPSF

AT, M EERARE T 16 TR E . B RoR i R85 39 B, HPRRE 15 M5,

AAEPIAE L, XL — 4% SP FRINNE, £ T 7 4 Byte M. SE—5kEE, &5  "15  AASHEHE, SP {4
BT L, HREEA T 9. BJRHAERALE] T 16 TR T AL E .

Pk EIR3EE A2 SP 5 arge ImZ T 16 AN . EARIMZ2 HE], BAMEERE.

BT NABEAT 16 MFARTE, B EM 1. By CPU 7 —41 SSE #54-, XU & HILM A A2 AT 16 (R4

wIEEA g0 1R

BEMEEE, THAYIEHIE g0 MIER 1. g0 HEIME R NIEAT runtime fURSHRAE— A 3R,

/I g0 HIHEHEAAA DI

MOVQ $runtime ¢ g0(SB), DI

// BX = SP - 64*%1024 + 104

LEAQ (-64%1024+104) (SP), BX

// g0. stackguard) = SP — 641024 + 104
MOVQ BX, g stackguard0(DI)

// g0. stackguardl = SP — 64%1024 + 104
MOVQ BX, g stackguardl (DI)

// g0. stack. lo = SP — 64*1024 + 104
MOVQ BX, (g stack+stack lo) (DI)

// g0. stack. hi = SP

MOVQ SP, (g stack+stack hi) (DI)

1Y L2 3 g0 [tk N DI %75 4%; L4 ¥ SP T# (64K-104)B, JEKHIhEAFA BX Z7174%; L6 ¥ BX HIFG4 I HuhLIR %
g0.stackguard0; L8, L10, L12 434l ¥ BX HAFfE bR, g0.stackguardl, g0.stack.lo, gO0.stack.hi.

XS E MG, g0 Bl T
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= o0

argc
SP stack.hi
} stack.lo
(64k - 104) B stackguard1
stackguardO

FELEELE mo

A T, PIaFRATENE TIRZ R CPU MIRRIURY, EHE ELREYNE mO [H 5

/) I m [ tls

// DI = &m0. t1s, HX m0 [ tls /&RBIHAEE] DI ZF1748

LEAQ runtime * mO0+m tls(SB), DI

/) U settls ELTEARMAFRE, settls EREHIZHE DI Zi7as
/) 2, AE s Barfraste® m. tls

CALL runtime * settls(SB)

// store through it, to make sure it works

/) KR s BFEMHFFHIMA BX Fifras, HSLpte mo. tis[1] HIHihE, get tls HIACHI HIGwiF a5k
get tls(BX)

MOVQ $0x123, g(BX)

MOVQ  runtime » mO+m tls(SB), AX

CMPQ AX, $0x123

JEQ 2(PC)

MOVL AX, 0 // abort

Ky mO 4R, i mO B g B TARLREA fEhAT. BATHNE, runtime SEBIEATAELR, ALY E
—AmO. TMiH, IR 8, #RH MmO kFR. XA B A AR AR T, 2% Ui TLS (Thread
Local Storage) . fij8iskif, TLS 22k AR E 4 RA .

R, A RASERTHERE T 2 AR F R . RERE T A R AR S BB E S (static) AgEE, AR E AT A
Vi AR, ANMREME T, HAh AT . EAR MR AR, R AR TLS HA.
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TSR AL — AR B AN B O SRR U 1] L (HOL B ZRFEANRE VS M (M8 & (% static memory local to a
thread, LREFMHELE)  BHEZHRAHEIRELI. Kk TLS.

BREREVENS, L3 45 mO.tls HuhkbfA 53] DI 2 /7 a5, P settls 58/ tls (BLE, tls /& m &5tk iy — %l

// thread-local storage (for x86 extern register)
tls [6]uintptr

W tls K% runtime-settls(SB) 17 T 5% src/runtime/sys linux_amd64. s Ab, TN AZIEE A RGN
fs B IEHE B AR m.tis[1] bk, 1 fs Bdhl X T @it CPU B #4788 fs K3REL.

MDA H O — 41 CPU #7844 E, B RGEICAMEINE CPU N & ATHEIT A A8 7748 B OR A7 AE N A7
T, B ATIN X WA HHE R A P K 2 3] CPU.

IZHE, AR T LUE I fs 27 8R4k S m.tls.
KT settls XA UMM L LG BTRGRM B 12 &, SRHREM.

WHE tls 25, Xk B FI settls 2R AEIEH TiE. WHEARE, £ E# crash.

get tls(BX)

MOVQ  $0x123, g(BX)

MOVQ runtime * mO+m tls(SB), AX
CMPQ AX, $0x123

JEQ 2(PC)

MOVL AX, 0 // abort

AT, RN tls, get tls(BX) MRS Mg ikasdne, IR IRAAE R, WM motls  BBEEAEA
BX A7

L2 fs—A 4 0x123 RN motls[0] 4k, L3MPK motls[0]  ARFIEEECHRIEE] AX FFAEEE, L4 WILEE
FRRBMA . WERAAE, ML L6 47D, ST L6, 27 crash.

// set the per—goroutine and per-mach “registers”

/) R fs BEEENER BX wFfrAs

get_tls (BX)

/) g0 HIHHETEREE] CX, CX = &g0

LEAQ runtime * g0 (SB), CX

/T g0 HIHEAE R AFTE LR FEAR A7 fr T, tHEZ mO. t1s[0]=6g0
MOVQ CX, g(BX)

/A w0 HIHEBEAEREE] AX, AX = &m0

LEAQ runtime * m0(SB), AX

// save m—>g0 = g0
// m0. g0 = &g0
MOVQ  CX, m_gO(AX)

// save m0 to g0->m

// g0.m = &m0
MOVQ  AX, g m(CX)

L3 m.tls sl BX; L5 ¥ g0 FililAF A CX; L7 ¥ CX, Wats/2 g0 itz A m.tis[0]; L9 & mO f{yusibAfr A
AX; L13 ¥ g0 s/ A m0.g0; L16 K mO fFA g0.m. Wuff:
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t1s[0] = g0
m0. g0 = &g0
g0.m = &m0

AR 23 A7 A T T AT 5 B A BRI, LS eI n S e B A A D i 1

FH K golang_notes i gobuf_sp(BX) iX M7

RFPGIEAE AR plan9 %1 A2 symbol, WAHEMEREREE, EXRPNA7RAR 7 L REE, X2EA
[l g ?

SERR LIX A& runtime FI4FRL, 2 T BEREREASAC & 52N, KRB E gobuf 7£ runtime 1 struct & ISk or 1I3E
P

// The offsets of sp, pc, and g are known to (hard-coded in) libmach.

X FBATIN S, R SRR A 5 -

KRBT EZ G, HHE m0, g0, m.tis[0] &R 1. ik m.tis[0] ArbL#k#] g0, @il g0 AfLL#RE mO Gl g 454
e m =B o JFH, i m B g0, mO WLk E] g0. T2, FL&FER mO, g0 #iotEiEk 1.

X BIETT AR B, (RAFIE LA A P AOEZ g0 Bydhhh, Wl TIELRNAE S REEHIE—MER g
FIFREHITAS R 1) m TR %

HHATIXANRERI190, Fn U IEZ1T1E g0 k.

T, TR SN TR R0 mo:

ES
%
2
%
&argv
argc
...... / “
/

SP stackhi | || | | = e

stack.lo tis[1]

(64k - 104) B stackguard1 tis[0]

stackguardO 7 g0
/
m -7

¥IZE4t mo

MOVL 16 (SP), AX // copy argc
MOVL ~ AX, 0(SP)
MOVQ 24(SP), AX // copy argv

MOVQ  AX, 8(SP)

CALL runtime * args (SB)
/) VIR R 003

CALL runtime ¢ osinit (SB)
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/7 VI
CALL runtime * schedinit (SB)

L1-L2 #4 16(SP) &y %8580 %] O(SP), i Rikm, @ nrimifE, 16(SP) &mW%k arge; L3-L4 ¥ argv /£
8(SP), kA runtime * args HE, HEG 1TSS

B, HELFAA T A runtime BEL. osinit BIEWIGHIL RAZ O KA RARE ncpu WITAETLIIAZ O EL,  schedinit 24
SCHIRZ G R BE A T AR Ak

N, FAKRESE schedinit #%:

'/ src/runtime/proc. go

// The bootstrap sequence is:

sy
/ /

call osinit
V4 call schedinit
2/ make & queue new G
V/ call runtime * mstart
//
7/

// The new G calls runtime * main.
func schedinit()
// getg HIZwiRALSLH
"/ get tls(CX)
"/ MOVQ g (CX), BX; BX{7as i [FIHICECHTAZ 24 Big 2 1 1AXS 9 bl
g = getg()
if raceenabled f{

g .racectx, raceprocctx0 = raceinit()

/) BREZEE) 10000 1 LIELFE
sched. maxmcount = 10000

tracebackinit ()
moduledataverify ()

// HIIE AR 25 [ R PRt R
stackinit ()
mallocinit ()

// BEE mo

mcommoninit( g .m)

alginit () // maps must not be used before this call
modulesinit()  // provides activellodules

typelinksinit () // uses maps, activelModules

itabsinit ()

/ uses activelodules

msigsave (_g .m)

initSigmask = g .m. sigmask
goargs ()

goenvs ()

parsedebugvars ()

geinit ()

sched. lastpoll = uint64 (nanotime())

HIEE P14
) RGP HZLE, BCIEFIPIEIEZ DA p SN R

procs := ncpu
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if n, ok := atoi32(gogetenv ("GOMAXPROCS”)); ok && n > 0 {

procs = n

}
if procs > MaxGomaxprocs {
procs = MaxGomaxprocs

/) BIEEPTE G Py IE T EI FAS LR B G A AT 551G P
if procresize(procs) != nil {
throw (“unknown runnable goroutine during bootstrap”)

A BRHOT R FERER NG 01T Go A&7 HIAR L I 72 St T — i«

. call osinit. ¥IHRGAZOEL.

. call schedinit. WAL #S.

. make & queue new G. fil##i[1] goroutine.

. call runtime-mstart. #H mstart, JEzIHE.

. The new G calls runtime-main. 7E#if#] goroutine Fiz47 runtime.main %L,

u b WN -

PR S getg () PRECRIPCY BT IE/EIZ AT g getg () 1E src/runtime/stubs. go
TE R ARRY H 2 1F 25 A2 o

// getg returns the pointer to the current g.

The compiler rewrites calls to this function into instructions
// that fetch the g directly (from TLS or from the dedicated register).
func getg() *g

=8}

—ie

=

W, R

FEREWEL T, getg iR[FIMFTIESEIZ4TH goroutine [4REN, T2 tis HEUH tIs[0], tHal 2 477217/ goroutine [t

ko g A AT N SSAU T XA

get t1s(CX)
MOVQ g(CX), BX; // BXAF#% B [HIHITEIK A2 24 Hig 4t A% 5 (19l ik

YEAE TR

sched. maxmcount = 10000

wERZ AL 10000 4> TAELR.

NG, AT HE init BB VIR R FIECE, DUEARRI. RROANTRIELR, mO Myanit:

// HIEHE m
func mcommoninit (mp *m) {

/) BRI FEF g = g0

g := getg()
// g0 stack won’t make sense for user (and is not necessary unwindable).
if g != g.mg0 {

callers(l, mp.createstack[:])

// random #4561
mp. fastrand = 0x49f6428a + uint32(mp. id) + uint32(cputicks())
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if mp. fastrand == 0 {
mp. fastrand = 0x49f6428a

lock (&sched. lock)
/ WE m ) id
mp. id = sched. mcount
sched. mcount++
/B B R G LR T T A RE (10000)
checkmcount ()

Y — LS THIEE gsignal

’/ Add to allm so garbage collector doesn’t free g—>m
// when it is just in a register or thread-local storage.

mp.alllink = allm

atomicstorep (unsafe. Pointer (&allm), unsafe.Pointer (mp))
unlock (&sched. lock)

B0y sched &M afadch, ZALMRFENEE sched 2AIFR M, Bk Zme,

mp. id = sched. mcount
sched. mcount++

checkmcount ()

"LAER], mO 1 id & 0, FHHZERIEM m 1 id &K, checkmcount ()

R (10000) .

mp.alllink = allm

% m HB 4 RER allm b, allm j&—M5m m #rfEst.

atomicstorep (unsafe. Pointer (&allm), unsafe. Pointer (mp))

BAREE R 2 5 R

PRHUR T CLA A RS AR T T B

KATR allm A2 m bl XEERR T - AMEER . 2R m RIRE, B m g alllink st IR EARKT m, U5

allm SC&AR G EE R m.
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tis[1] tis[1] tis[1]

is[0] ! ts[0] tis[0]
9 B g0 g0

allink : allink | allink

N ' =

@

LES, 10K mo #7E allm L. Z2J)5, #FHHelE m, U ml 28 mo HiE.

@

SEMUZEIRAT I, ORI R

wIgE4k allp

Bhid — LE LA RIS, KA SR

procs := ncpu
if n, ok := atoi32(gogetenv ("GOMAXPROCS”)); ok && n > 0 {
procs = n

1
if procs > MaxGomaxprocs {
procs = MaxGomaxprocs

}

XHEF W E procs, TUEE P R . ncpu XEOCEHEM LT KREGMZ05, KIS EA K E GOMAXPROCS h2
W . X HEIEPETH T procs MEcAME, A 1024.

K B — M R HL

// srec/runtime/proc. go

func procresize(nprocs int32) *p {

old := gomaxprocs

if old < 0 || old > MaxGomaxprocs || nprocs <= 0 || nprocs > MaxGomaxprocs {
throw(“procresize: invalid arg”)

}

A XX

// update statistics
/) B
now := nanotime ()
if sched. procresizetime != 0 {
sched. totaltime += int64(old) * (now — sched. procresizetime)

}

sched. procresizetime = now
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/G P

for i
bp
if
}
v

}

:= int32(0); i < nprocs; i++ {

:= allp[i]
pp == nil {

/) HERIAT R

pp = new(p)

pp. id = i

// pp HIPIEGIRE AN stop

pp. status = Pgcstop

pp. sudogcache = pp. sudogbuf[:0]

for i := range pp. deferpool {

pp. deferpool[i] = pp. deferpoolbuf[i][:0]

}

/) pp FE] allp &b
atomicstorep (unsafe. Pointer (&allp[i]), unsafe.Pointer (pp))

/) BEILERK Po 1 T00 TIHR procs HI%HE, HUL 7 ZREIK

S/ eeeee

/) KRG RTIEAIELTHY g 185, BIAGTERT g = g0

8. =

if g.

Va
VZ

getg ()
mp !=0&& g .mp.ptr().id < nprocs {
continue to use the current P

YESEAEH 27T P

g .m.p.ptr(). status = Prunning

} else

VZ

8

{
PG AT IX 255

.mp =0

g .m.mcache = nil

v
D

W/ﬁ%o %P

:= allp[0]

p.m =20

p. status = Pidle

/7

% p0 Al m0 FHEEEH

acquirep (p)

if

}
}

trace. enabled {
traceGoStart ()

var runnablePs *p

// FHZAS for JEHIEHIH IR p AT W GER

for i
p

VZ
if
}

Va

:= nprocs — 1; i >=0; i— {
:= allp[i]

allp[0] R m0 KEKT, DEBITZIGH] “TRAZEINEER”
_g_.mp.ptr() ==p {
continue

W&FR idle

p. status = Pidle

V4
if

p 9 LRQ HZH G
rungempty (p) {
VI sk
pidleput (p)
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} else {
p. m. set (mget ()
p. link. set (runnablePs)
runnablePs = p
}
}
stealOrder. reset (uint32 (nprocs))
var int32p *int32 = &gomaxprocs // make compiler check that gomaxprocs is an int32
atomic. Store ((*uint32) (unsafe. Pointer (int32p)), uint32(nprocs))
/) BIEIHEERIATFHN) P #EH

return runnablePs

RS, XA BB ORI IR 2T 2, /2 & e4E procs BMERIN A, TR E. IrEfAAEIRE — A ]
RO B, A—BASLE A IE EHTE procs M. FACHIRLTCRIABIME 1, KR 2 M — Lk,

BB MHE I T nproc A P, JFHAE P IR BESY  _Pgestop  , BEAJRALHE allp B4y AR P.

B, WHEE acquirep 4 pO Al mO EEEER . BATRELNE —F:

func acquirep( p_ *p)
// Do the part that isn’t allowed to have write barriers.
acquirepl (_p )
// have p; write barriers now allowed

_g_ := getg()
g .m.mcache = p .mcache

S acquirepl PRECL IEHEAT R, 2 )5, ¥ pO 1 mcache ZEIKZ mO. FikE acquirepl

func acquirepl( p_ *p) {
_g_ = getg()

g .m.p.set(p)
p.mset( g .m)
_p _.status = Prunning

FLVE B e T BT L E, HUT S

g0.m.p = p0
p0.m = m0

FH, pO MPIRSERL T Prunning

BN RE—AMER, ¥R T p0 MAFTTAES T P, JRN P 43& runnablePs, J£iR[E%% procresize pkLIiAA#E, 1
PSR iX e P,

BEC rungempty  FRFAIMT—A P EBAZEH, WHEZE P R4 run queue PASIELE #A runnable 1) G, WA,
AP AN
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// src/runtime/proc. go

/R o BB B I F RS THT G BB [E true
func rungempty( p_ *p) bool {
/) PR B e v, G AN runghead == runqtail F£H rungnext == nil FE[KL

for {
head := atomic.Load (& p_.runghead)
tail := atomic.Load(& p .runqtail)
runnext := atomic.Loaduintptr ((*uintptr) (unsafe. Pointer (& p . runnext)))
if tail == atomic.Load (& p .rungtail) {
return head == tail && runnext == 0

}

AR FE AW head == tail JFH runnext == nil A, eI rung £&23 0. O &S — S8l 56 4, Blunde
L head == tail [, HILE runnext FHESH A G, ZJEHEWE runnext == nil B E, XA G @ik
rungputi#i®] 17 rung B T e E rungget FE T, runnext ONE, TREEEURAIBIXA PRSI, XS T RIR
Hl.

At rungempty s3CEfEiEE E R ERUE T head, tail, runnext, X5 A tail %A KA, &G H L head
== tail LLJ runnext == nil, {RIUF T EMEE = F 4L/ RN WL, Kk, 3R[E S5 Eam .

B —F, runnext LA SH8E—A G, XA G 24T G MR, ALLHAL G A EmBITI e, Bt e fmeEh
ko

B e, WM T — AN B Bl es

&

stealOrder. reset (uint32 (nprocs))

AL m R AR, 2B ITAR) P, XNy 7 il —Ls, g4 2 stealOrder Sk ol —AMBEHLEFERK) P, )5
TSR 2

XFE, #EA procresize BEURVIE T, XBEMWE, WHERAIVIGEL TIECLETERT .

W& GBIk N 5 SR B A A, SR 1, RATE, RAERLAL 1
1. {fH make([lp, nprocs) #/41t /144 allp, FI allp = make([]p, nprocs)
2. EEIFYIEAIL nprocs A p SRR GO KR IRAELE allp 1) 2
3. 8 mO #1 allp[0] gbEfE—ikZ, B mO.p = allp[0], allp[0]l.m = mO

4. 48kx 1 allp[0] ZAMWFTHT p A R4 JR7EE sched () pidle RS2

Y —F, fja—5, RIEREITA SR P NEIAE SN AR MAG; MFEAEERE P ORISR G 34T
MEAE RS —A P83, R[EIZ procresize LA # .

wJEBATE allp Al allm #INENA L.
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*
%
B
%
&argv
argc
SP
(64k - 104) B

SERR

LB 35k goroutine M ##I4A1L] https://mp.weixin.qq.com/s/W9D4SI-6jYfcpczzdPfByQ

stack.hi

stack.lo % tis[1]
stackguard1 | tls[0]
stackguardd g0
m alllink
p
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PR

Y 1 RN

Go BFEIITERERK
Go ZPRAHRHIfr & R

Go ZPFEEIEMR
GoRoot fl GoPath H4H

BB RE AHEATH

AR d H H RO (www.topgoer.cn) - 241 -


file:///docs/goquestions/goquestions-1cjh3tmvq7bar
file:///docs/goquestions/goquestions-1cjh3tvok0jlq
file:///docs/goquestions/goquestions-1cjh3u86m0fko
file:///docs/goquestions/goquestions-1cjh3uhbk3v4m
file:///docs/goquestions/goquestions-1cjh3uppu7m6o

Go &7 JEshid i 2 B
BAIN—A Hello World  FIfITIFH:

package main
import “fmt”

func main() {
fmt. Println ("hello world”)

}
TEIH AR H 36 F AT
go build —gcflags "N -1” —o hello src/main. go

—geflags "-N 17 05 T RMIG R UALAT s 2O IC, 1977 0k ) T B T e PO A AN 2 2 F) AR 2

43 7 AT A hello, #U4T:

[qcrao@qcrao hello—world]$ gdb hello

BEN gdb HREE, $4T  info files , HRAIPATSCAFIISCE Sk, FIHL T AR

[FI, FRATHRAFE] 7N Dbl 0x450e20.

(gdb) b *0x450e20
Breakpoint 1 at 0x450e20: file /usr/local/go/src/runtime/rt0 linux amd64.s, line 8.

XitE Go BRI O HuhE, FRAEATE linux FIZ47H, ArDAN D SCHEA src/runtime/rt0 linux amd64.s , runtime H
SN SRR LRI T N ST, SCRES IR R 4ey, AR50

H RS (www.topgoer.cn)
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TEXT rt0 amd64 linux(SB), NOSPLIT, $-8
LEAQ 8(SP), SI // argv
MOVQ 0(SP), DI // argc
MOVQ $main (SB), AX
JMP AX

FEEM arge, argv MAERLE] T 2 /i . X B LEAQ 2T N Aethhik, SRS HE A fE HuhE A Sk 2r 748 HL, a2 argv
P hEBE TSI TS . S Bk F

TEXT main(SB), NOSPLIT, $-8
MOVQ $runtime ¢ rt0_go(SB), AX
JMP AX

Eutsdt Lt runtime * rt0 go(SB) , fiH&: /usr/local/go/src/runtime/asm amd64.s , fQUh5:

TEXT runtime  rtO go(SB), NOSPLIT, $0
/) BHEIRZE CPU FHRFGFFERR S A B RIS
) EEEEE,

/) PR AN — LR, R EE

/) BILEEHAT A0 B 17

CALL runtime * args (SB)

// HlEE CPU N1 £7 T K )

CALL runtime * osinit (SB)

) PG ST R, gov A WHEEHE. Brf P L. HASHE LSS
CALL runtime * schedinit (SB)

// B main goroutine IZfTHIEEL

MOVQ $runtime * mainPC(SB), AX // entry
PUSHQ AX
PUSHQ $0 // arg size

/) ¥rd#E—1 goroutine, 1% goroutine #iF runtime.main, JXIE P HIARHIBL Y, ZEfFi/E
CALL runtime * newproc (SB)
POPQ AX
POPQ AX

/) JEBIM, FF4E1H E goroutine
CALL runtime * mstart (SB)

MOVL $0xf1, O0xfl // crash
RET

DATA runtime * mainPC+0 (SB) /8, $runtime * main (SB)
GLOBL runtime * mainPC (SB), RODATA, $8

ZHEREI— R CE [#RE golang /7 st f2 ] WA B LR, 45T

1. M EIBITFEMCPU, WEGRTIETHEM R E.

2. TLSIH#IEH1L .

3. runtime.args. runtime.osinit. runtime.schedinit =/ i P2 4T 75 22 10 4 A0 AR B 5 1 P 4%
4. runtime.newprocfIE#r (figoroutine Hl - T-45 & M/ 5 (fimain 2.

5. runtime.mstartJf-4fgoroutine i £ .
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A ik sk S48 go bootstrap i fENE:

_rt0_amd64_linux argc -> DI | RS e
addr(argv) -> SI MR -

runtime/runtimel.go runtime/os_linux.go

runtime/rt0_linux_amd64.s

I 2
i / BIE— ARG . T
main HiEpkEET | newproc . mn schedinit

rt0_go / runtime.mian aiE: . AE
! ofcaR. gc. PE

runtime/proc.go runtime/proc.go

runtime/rt0_linux_amdé4.s

/ Miaft. ge
/ mstart _ main enable
rt0_go BT M
L__ BRAPEX
T~ runtime/proc.go runtime/proc.go mian R

runtime/rt0_asm_amd64.s

main AR AT IO — S E B R P —NRFEAT sysmon 3L, eI R RORUE AR S B Eh 9o BATATA I
init BEEEE.
TR, A MBI

¥ main REHUTERZ G, SPAT exit(0) RIBHIHFE. AT exit(0) 5, FREAEE, main K0 E RS

=V E (37 L6

exit (0)

for {
var x *int32
*x =0

IEHEOT, —BHBAREIED ), RGESATHERERIE, AR i R FeR i .
RTREFFR X — B ik B A (golang runtime BHiE) , SO —Amf LIRS ALY, github TR 2% 58k .

SR Go By A Bhix — i HLSGb 2 LB fork —ANHTHER . BBATPAT SO, I HBUHRE S 0 A, IR TR A AT T A P AS
1, REBRALGEHEL, AL T .
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LA AT -

AT BT go MG KT & R

AN AN SR iy 4 LB AL -

go build
go install
g0 run

go build

go build  FR#F4EE packages BLIIHAL CAFLL K BT, JmikMmfE2%]  $GoPath/src/package
N RIS go build & LAE#edm s @ (SRS S0, I AT LRI g5 24

WIEHAT  go help build — AfFHE]  go build  HIEHIE:
usage: go build [-o output] [-i] [build flags] [packages]

-0 KSR PN R EL, e R e i b iR AT S A T

-1 SREFHARKBNE, RS EMANRE a3, RIS RIS 5D
I HIRE R0 TAE X pkg H N, HEESCHH H S Z QMRS JZ 90— 5.

£+ build flags %, build, clean, get, install, list, run, test B A R o
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8 EH

S ) B R g R T A A B, AR EE RS, X< E S Jusr/local/go
H3T™H  .a XXt

-n TR 2 PATERE, ARIEAT

-pn TR B P iy S PATHIFATEL n B8 CPU 2 8L

LRl ey Eya b AR Cr s S BT

-V ITEN Ay @ PAT IR P I L B ARG 0 44 FR

-X TN & PAT I RE P TS K BN A %, FFAT

ork FTEN g PR R T IR N SR AR LU T, ik 58 BUG 2 ik

FATHGE, Go HF MRS A/ A=38: Ar A UEeY. PRV, s .

RV A & Go BFHIAL, % func main() PRE, HEZE—ATH  package main  FHJET main

@2

PRISRESCAE: FER AR, BeOSE, f T HRRREL.

TRWERD M BL - _test.go NSO, AT ThRe AP RE o
R, go build = £&Z2m% * test. go Ak

BABEE —AMRERF] 7oRER  go build  f4. B Goland #E T4 hello—world  TiH CAT ExR5IH
HE XA, M2 RTH) hello-world FEFEANRD , 35 H BIZ5 T

hello-world ) i src ) & main.go ) gobuild maingo v B #
] Project v @ <= & — § maingo # util.go
E hello-world ~/hello-world | 1 package main vl 1 package util
=) ; 2 2 )
] bin 3 import ( 3 import (
pkg 4 fr— 4 “net"
src 5] tutil” 5 ) “errors"
i 6 ) 6
‘.{‘,II 7 7
& uti.go 8 b func main() { 8 // SRERAHLiphtrbE
# main.go 9 fmt.Println( a: “hello world!") 9 func GetLocalIPv4Address() (string, error) {
il External Libraries 10 10 addrs, err := net.InterfaceAddrs()
11 locallp, err := util.GetLocalIPv4Address() 11 if err != nil{
© Scratches and Consoles 12 if err != nil 12 return "", err
13 panic(err) 13 ¥
14 14 for _, a := range addrs {
15 fmt.Printf( format: "Local IP: %s\n", locallp) 15 if ipnet, ok := a.(*net.IPNet); ok & !ipnet.IP.IsLoopback() {
16 } 16 if ipnet.IP.To4() != nil {
17 return ipnet.IP.String(), nil
18 }
19 }
20
21 return ", errors.New( text: "no ipv4 address found!")
22 ¥

AT LG BT H 45K, 5=k bin, pkg, src. M src Ha A 4 main.go, HiwE X 7 main B3,
FEBATH N D, w0 B8 o S IR SCE; sre B NisqT — util Bk, B util.go 0k, @ X7
AT CAEREUCASHL 1P btk (0 pR K, ok A2 Fir i 0 2 R SO

FEE main.go TS, SIH THANE, —NEFRRAEER fmt; N2 util 8, util FSAREE util . FHESA
AR RARAEX T Go MRS H 5% $GoRoot/src e $GoPath/src IR F i8R, Bl main AR5 fmt i1

A SRS I H RSO (www.topgoer.cn) fy 2 - 246 -



GO HmiFEHE I I 2 VEAE
VRAD R4S R /usr/local/go/src/fmt , 1 util BIURALERIZ A /Users/qcrao/hello—world/src/util , IE#FFRAT
&% GoPath = /Users/qcrao/hello-world.
T AT ISR R PR AR A, SEEL T SRIUARHL 1P TR R L.

76 src H3EF, HEHUT go build @4, EREEFERT —ADTHATMH, SN src , M
. /src A EHEPAT, -

hello world!
Local IP: 192.168.1.3

FRATH AT LSS T8 25 B R BT SRR A4 R

go build -o bin/hello

FE AE bin H R SAER—AATPAT IO, BATEERM B sre .

Hogz, util ER] LB g . FRATT AT AZESTE AR B 3 R T

go build util

ikTEF 22 $GoPath/src g2k util B (HLSLRHSCMR) « T IFE . /src/util  HE FEEZEIIT  go
build ETIEN

IR, BRI SO SR e SO, B

go build iy 475G i N AL IR A AR (s RN g i 2 MRS AL I, N s Bk e, A2k AT
(DESE SR LN

N T R R R IS AT IR, FRATAET H AR H BT R i 4

go build -v —x —work —o bin/hello src/main. go

v SITE LA T, -x  {TENgRIEMIEFTHAT 6 4 —work T B ] A R F e IR SCAF B
18, IF HamFse i S Ak

PATEE R

rguments exe e
P o

MEER A, Ed s T?ké)ﬁi%%fy“ 2 @. util, command-line-arguments. % —/MI iR, YR ER
KIEATXA LTS ? Hgux2  go build A fill®| [packages] AR —A g0 XM, FLAIET—A
EMAE: command-line-arguments.
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[FRT, FHEREH T compile, link, Wat/Esdid T util @8 main.go M, AREE La X, ZEBHH
BEATHERE, RECERTTIVT O, AT bin AT, &&A hello,

F4b, H AT RN TP RE T R AR H 3, B H RSO SERE :

¥ | | command-line-arguments

v | _obj

¥V HH exe

ALLER], 1 hello-world H3 2 HA—F . command-line-arguments w2 KL% main.go XAt exe A
SRR HAT SCHAE SRS — B EE) T bin B3R, FrAX B,

BiRKE, go build  (EPUTI, LSBT TR main.go FHkBiHIE, DURHKBIRIMS, HEFRERNE. ZREATLGZ
REZA e Dy thoaT LU S FE O St [y o dn R ACBUA DRI RO, il o ELER Y, IR 2% SRR RO 51 2 1 2«

IERFOUR, XK R LT — BB A K IR, MR R i, w2 main.go SCfF, iR R B R OB .
i s 2 IR 2 (KT S IR IV IT IR IR AN, ez Ja, BRI LRI,

KHL, BRI LERTLE github 13RI go dr &2, 7T BLANS 5 BORME R i SC L .

AR 0,55 36 0 1 FE R, A RARAD L A KISURES L B, WIFRARAD AL B AR E A BRI RAD AL CBLTR MRiFR A
), e A ZAEE B ik A E (BURREMRAAE) .

PAT | go build A MITHEALUIRSNG 2N CPU b, AR RARID BN 7T B 22 A7 7E — SEAH . (H
Ry B E SRR AR RS > SRR > iR AR .

NI — AN S &4 4+ Octotree, fE% github T H MR, SRR TT LLAE R VE &% B LR R AN I H RO SCARait, AR 7
f:

A SR 3 R SCRS (www. topgoer.cn) i % - 248 -
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[ hyperOx / go_comma... X )
¥ master £ hyperOx / go_command_tutorial @ Watch~ 189 Hunstar 2,286 = Y Fork 488

> s cover

> mimages <> Code Issues 0 Pull requests 0 Projects 0 Wiki Security Insights
0.0.md
C00.1.md Branch: master v go_command_tutorial / 0.0.md Find file = Copy path
0.10.md
0.11.md
[00.12.md 2 contributors & B
0.13.md
0.14.md
CD0.2.md
0.3.md
0.4.md
[0 0.5.md _
[00.6.md > fmER LR
0.7.md
En08 md GoESMNSIRAEMER LA ER T EALE, REFRRAENNAEESANENL, MERENNERIFEEREE
“.n ] T o IEBASERITEL—T $60R00T/pkg/tool/<FAMEXER> FHINE, IXTEMILERNGoLEBR,
EE LICENSE
README.md EE *TAEXEREU SENER, BTFERERETENTEMARNABEILG RIS, B, K

I SUMMARY.md REETANRERANRS, MURRESETANITERMAS, £ go env HREIEBENEMRIIITEALPLIIIR
catalog.md {&.

£ config.json
14RAMNGoTRBRNABUT:

& hyper0Ox Update section 'go build' for go1.5. 70f3e68 on 21 Aug 2015

27 lines (17 sloc) 2.24 KB Raw Blame History [ #° @

5a 51 69 8c addr2line dist objdump  tour
FTo@ S 5c 6a 61 8g cgo fix pack vet
1y Octatree Rroforiree 5a 6c 8a 81 cover nm porof vacc

FXH, gk, 0T hello-wrold SCfFR N i pkg HRUF&—ELBA W K E.

Jesi, pkg H R BAZAEAE S R B ESCA R e, Mt 2% .a . {2) go build $iTid e, XLk
ca SCPFRCEEIRIN ORI, g e S S LN, B — R S HE

BIHRAMERE, 78 go build @& BNt -1 SHEERE R IFN D, taexe .a CFRIEE pkg
FRTe.

W

TETH AR H AT go build -i src/main.go  J&, pkg HIFEBINT util.a X4

» _— bin
M main
v [ pkg
¥ | darwin_amd64
% util.a
> B src

darwin amd64 TR
GOOS #11 GOARCH. XMW AMIHEARAHELAIRE, RN,
GOOS /& Go FrfERI#1E #4257, GOARCH & Go FifE i 4844 .

Mac & FixA x4t 2 darwin_amd64.

AT utila SCPFEJE . FRRGPERIIN G, S S BE TR util.go SCfF, PR T gL,

AR I RSO (www.topgoer.cn) 1) - 249 -
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[, FEARH SRR T A M08 main ATATScr, X2 main.go IS4 a4 .

hello-world XA H Y 24 E4£5] 7 github 15 H Go-Questions , XATHMMBFN, ©EHIZE Go MFT %
S, IEFESESS, WARHRA star.  Hhlik 2% 5kl [Go-Questions hello-worldiiH ] .

go install

go install — M THwPEIFZEMENRMSELENNKEBE. Mk go build , EREZ T A2 mFEFMLR
SRR E H R PR

A 20 hello-world T H (65, FATEK pkg H Flblds, FEDH R H 30017

go install src/main. go
B

go install util
WEMSEREFFHE A pkg  HF, FHHER A util.a .
JEH, FEPATHIERIHE, 276 GOBIN H FAERA A main [ #4730k .

FTLL, 3817 go install w4, FREBEEXNE e XHSPIEZRZ] pke  BHRTE, @A TR
1732483 GOBIN H 3.

go install  {£ GoPath ffZAHgMIm 5, S/ /E—duiill, HAAn DAEEMMEM  Go ard e, XEAR
T

go run

go run T HEEISAT o VRS AT o

1t hello-world 5 HFJHR H 3%, #4447 go run 4
go run —x —work src/main. go

-x AT DT ENEEAN I R K B 4, -work 1T LA BRI 3 TAF H 5%

M BT CUE R, U35, MHER, Ba BEERAT, JHTEIW T HTER.

FATITEV R TAE H 3, e A R T AT S R TR E
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¥ | | command-line-arguments
Vv [ _obj
Vv B8 exe
B main

=1 command-line-arguments.a

main e R A BRI T AT SO
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Go ZwmiFHE e FERE IR

BATMN—A  Hello World K T-ITHA:

package main
import “fmt”
func main() {

fmt. Println ("hello world”)
}

HIATH AR LK hello world ARSI, (RAF/ERESE LAY hello.go  MHF#E—NF1FA T, HAFIAR—
DFRE

A vim #T7F hello.go S, 7Ear& 7T, A4
2% ! xxd

HRRELE vim BT AR SR A AR

1 (f0000000: 7061 6d6l 696e 0ala 696d main..im
00000010: 706f 7422 0ala 6675 6e63 port "fmt"..func
00000020: 206d 7b0a 0966 6d74 2e50 main() {..fmt.P

00000030: 7269 6865 6¢c6Cc 620 776f rintln("hello wo
00000040: 726¢C rid").}

JEILE— SRR, i — IR SR R ASCI 245, BB e A TS . FR7ELZ3R ARAT  man

ascii

A ASCIl FRER—XFLE, LRI, ISR A L A —— X R . a2 B, WINIS5ER) hello.go SCfF#2 i ASCII
TREZORN, EWAN ORI, ARSI RS k] S

R, WIRAWE, THEAR T, REAR IR L P R LA — %LI:%F ARG BT IMAERFE. A
s SR, — MHFER TP R m — R L TR B LG S
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Go % kRIS FEMIL

iM% hello.go IXANSCAF, 8 A bit, Wikt — M HEMR DR (BUEIRIET 72 ASCIL ), B AR N ReL:
#11) Go V5l

Go FEFFIFANREELIRIEIT, 5% Go WAL N — RIIFRENLEIE S R4, MR TR 2, JFLL iR S fh
TR A fttE ke, 2 W AT H RS A

MIESCAE B0 AT H AR SRR A
hello

AIHAT
BintigF

hello.go N hello.s

LRiER

hello.o

AEEM
BinigF

SERRLL_ E BB RLE Go dniF ARG, URE ERIE K4 R GCC (GNU Compile Collection) , s34y GNU 2w i 2%
B, BEYHE C, C++, Java, Python, Objective-C, Ada, Fortran, Pascal, 8487918 2 ANFAFIHL A L2804 .

AT FAR SO AT LB AR LS BT — RIS, BT — SeRI e i A 3050 main s O, $UT D S5 HARES ;
PATSEROR, main REGR I BRAT R TR, B TR,

TERTRMSCER, FAMEHR Wik M 817 M.

Go JFA5 HL ¥ 4 B AR IR AL A T src/cmd/compile PR, BRI AT src/cmd/link BT

TR SUY

L E A IDE EERIT RS kS5, Go JEISHN Goland, W E#E A IDE 3242 PG iz 47" 44, FERmt
Bk T o X SEPR BRRE T IR I AR, BN W g iR AR S R B — R I FEA . (Build)

B FE R R SO AT IRNE 0 TE AT B Ui Ak, BEARGCgRARRE SO, B s AENUIRES.

2S5 AL SRR AR AL LS T LAT IR &0 it TA— 20 iE A J LTS — S WLa R AR I, Fr bl R — AN
B XN, PRI, WA IR 1B T, A IR P R,

PRI IR S R RNLEE S N TR, SRR Ry 6 B . RO SO AR L. AR
B HARRI A, NERE (P RMERETR)
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“Source [+  Syntax_
Code T oCANMe™——4| Tokens ~——parser— ' Tree [ Semantic
o Analyzer
— ey Commented |
. Intermediate . Source Syntax
;‘-. esentation | *————— Code — | Tree
/7 Optimizer
Code
Generator
" Fal |
" Target Code | Target |
' Code Optimizer | Code |

@22 WiFdE

HES T

T AT, FATHIE, Go R SCAFFENLE A RA D —HE ikl fr . FRATBESENE, XY Goland 2 ASCI 14 (s
br k& UTF-8) fEixHfE —#bhArat AT 1 9mid. flhn, 42 84 bit frirpli—4, XN — 4%, il ASCI i3t vl LA H

*.

LHCHTA ) R A R T ASCH B AEE, FRATELREE BIA B U8 e REE R, flln: package; WRgR
FFH, #iln: “Hello World” .

BRI ST R IR A AN RIRH Go B3, L HTasEde, it —HE I AL, MR RIS R AT A KT,
GIERANTR, R R XHNC T . R, VA TR T AR R A R o9 bRie (token) FEBIEIERE

PATRE — P TR Ea e X

iz (lexical analysis) JEHHSEHURI R P AT RIS OvbRic (token) FRBIEIdRE . HEAT I3 20 B B RS P sl
PR PERE > M 4% (lexical analyzer, fiifklexer) , HMiAHizs (scanner) . idiksriras— M LR EE A7
1E, BEEE AR .

.go UMM FIEHERS (Scanner) , EAFH—FELIT  GRRREHL  BIEE, KERLI R RS HIR— R
FIAc S (Token) o

15— R XL RBEE, PRRRF. IR (BEHE. F/A8) « BERFS Guns., 55 .

Fhn, T AR
slicel[i] =i * (2 + 6)

B0 16 MEETR, fHiE,

=

05 eyt
slice PRIRET

[ RIS
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Go % kRIS FEMIL

KA

i PRIRFT

( RS

2 ey

+ s
6 7

) pa) iz sy

FmfElrIRA CGRFEREABRETR) LRI BEEMRINE, RIE, .

Go ifiF (A Go WA/ 1.9.2) fAfili#s S HFH) Token FEISADH1 B EE A% :

src/cemd/compile/internal/syntax/token. go

@&4?

var tokstrings = [...]string{
"/ source control

_EOF: “EOF”,

// names and literals
Name: “name”,

Literal: “literal”,

// operators and operations

_Operator: “op”,

_AssignOp: “op=",
_IncOp: “opop”,
_Assign: 7=,
Define: 7:=7,
_Arrow: ="
_Star: "%,

'/ delimitors

_Lparen: 7,
_Lbrack: “1”,
Lbrace: {7,
Rparen: "),

AR F s BRSO (www. topgoer.cn) # £ - 255 -



Go % fEf IS FE ML

Rbrack: ”17,
Rbrace: ”Y,

~Comma: ”7

~Semi : “a®

Colon: “o®

Dot "
“DotDotDot: ”...7,

// keywords

Break: “break”,
Case: “case”,
_Chan: ”chan”,
Const: “const”,
Continue: “continue”,
Default: “default”,
Defer: "defer”,
_Else: “else”,
_Fallthrough: “fallthrough”,
_For: “for”,
Func: ”func”,
_Go: ”go”,
_Goto: ”goto”,
_If: "if”,
Import: ”import”,
_Interface: “interface”,
Map: “map”,
Package: “package”,
_Range: “range”,
_Return: “return”,
Select: “select”,
_Struct: “struct”,
Switch: “switch”,
_Type: “type”,
Var: “var”,

R LU AGE R, BRI IR RIER . DR

A0 2 (R A -

src/cmd/compile/internal/syntax/scanner. go

Ferh BRI B BU AL next AL EAWHBEIR R — TR O R —A51,
WATHIT AT ASCH WS B, —ADFRFRA DT, BRI L —4> Token.,

func (s *scanner) next() {

redo:
// skip white space
c := s.getr()
forc=""[| c ="\t ||
c = s.getr()

'/ token start

s. line,

s.col = s.source. line0,

‘\n’ & !nlsemi || ¢ ==

s. source. col0

"\t |

if isLetter(c) || ¢ >= utf8.RuneSelf && s.islIdentRune(c, true) {

ARSCRY A P s R OCRS (www. topgoer.cn) 4 - 256 -
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Go % kRIS FEMIL

s. ident ()
return

}

switch ¢ {

’y
case " \n :
s.1lit = “newline”
s.tok = Semi

case’O’, 71)’ ,2,’ )3y7 )417 ,5,’ ,6’, ,7,, ’8’, g o

s. number (c)

default:
s. tok = 0
s. error (fmt. Sprintf (“invalid character %#U”, c))
goto redo

return

assignop:

i e = "= {
s. tok = AssignOp
return

}

s. ungetr ()

s. tok = Operator

AU R R EIEE ¢ = s.getr O FRIF —DREMITHITFT, I H B2 J5 2%, B, 7. tab 7
P50 BRIEHEN AR switch—case  ifA), ILECEFPARMINEIE, & L#HTL—A> Token, JFHITHIRMAT. FI%L
FALR TR, IRFELTE L — R HTIL R

MRTEL T HEVE S T RS scanner Ry EEIRAE T next Tk, VAT S REES R IR, RAEE LRI
A4 next $REURCHTY Token.

BRI
LA Token 741, FREL PR, AR KRB RS EEN

EA/IRE Sy TIPS e slice[i]l =1 % (2 +6) , M —BIELERWTR:

AR F s BRSO (www. topgoer.cn) f - 257 -
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Subscript
Expression

Identifile Identifile Identifile
(Expression) (Expression) (Expression)

slice i i

Number Number
(Expression) (Expression)

2 6
BMBEORE R - DERIER, ZTREMEERER, A TR - RikRiERs Rkl 2 My s RisRA
B e RIERN R d— DS RIEX AN S FRAE R 5 ZE XS e . 755 e g IRk
VN (W NG e Ry i1 (ST L e s

WA AT AR D — 2o B AT R, . SR b, + SRIEAGRD AR

TR HT RARE S FlRe 2 1T 0% (Grammar) X Token J3 41K B A N SCARIEAT 43 A - ff 78 FAEvE S5 M 1) —Fid
.
v »
B
WEN eSS, BAVDFAMIEE NS et 4. B BRI« SERTRUCEEH MR, XRAGERN,
EESHTR A H R, 8 e T A~
PEHIITRER A R ASTR S ATRAONIZ AR AL I B, AR LRS . Fefess . flhn, 5 —MF A EmES —Ma
IR RS, BRSBTS, st iR gm R R TN T AT A S LA 1R AR T —A 0, 1 BT
AT .

BTN BE R G, SRR A AR R 2R A

AR A ] H R SRS (www. topgoer.cn) i 4 - 258 -



Go % kRIS FEMIL

— - \\\ —

Subsript
Expression

[]

Integer

,,// \\
Identifile
(Expression)

i
Integer

Identifile Identifile
(Expression) ((SIEES )]
slice i

Array of Integer Integer

Number Number
(Expression) (Expression)
6
Integer Integer

Go B E IR IFMTEX — MBS F & 288, sRgE I DL AR BRI E IS A 2R, SRS ARG NG A 2R . SRR AT R
BomH e LTI ER switch/case iEH),

FA AR Go ili 5 M IEIEE A B AEIRNERNTE M 2 Ja AT 2 1B SCIE X B R, R 28
P Al GBI R RN R R BTSSP P A AR R

FERA TR AT RELO i GAEEM AT T, XML AEHS 23Rk — LN AT B AR 0 G AT DAL 82 e AT 20
M H AR 2B make. new 5858 70k M7 A OB R AL

B H I make 8T, FIE AT LAEIE &AL, 40 slice, map, channel 2545, FiX L%, T make 8

%, e OMAKE 15, & EeMSHERA, WIEREAR, HENAARKS L. WRSHRB R slice, MeiEA
TSLICE case 733, K len £l cap £ L %K, W len <= cap. &5 fi2H 4 OMAKE )% OMAKESLICE.

R AR AR AR

AT, i R — T LA v R A S s R AL R T B TSR A R A, SR S AR B, AR LS
fih

HITTRE T A AT 18 U A S0 T 2 1A il i, 2 5 IR BJm 2 i e i«
I R IR AT, FEIXA IR FRIRACRD GO DAt . ER TR R R AR, e IEIER Y 0 -

o ARSI ARHLES DLISATIN IR TE R, A LR RE R, =i, P-ACRD. Bildn, sEARm  =Huibes R
IXFER:

X =y op z

FoRASE y M AR 7 34T op #RAFG, TWUEST x. op WLLREEEEE, Bl ainm ek .

R FRATIZE 51057 BLS Rt R K

CINSR2NENG
t2 =1 % tl
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Go wiFHERIE FEREIR

slice[i] = t2

X 2 + 6 AT NEE R R, AT 1 XANEN AR T, T E 1 AR ULE A, B t2 el

. )G

tl =1 %38
slicel[i] = tl

Go i F S ERIER v SSA (Static Single-Assignment, EF&S IR , ZTLAFRZ NI, 2R A& T4

SSA UMK — Ko o

K—BrBeas il CPU i 224 e B AR A 2R e R AR AR B, 9 n 2 138 56 T RO SR AT A 23 A7 A BRI L T T A7 A 4113R

o P ARG A AL A R A J X P 7 2 SR AR R ) B

FEAE R TEACI Z B, SO G o A — 2T R AT B e, X HLSIA] (AR At ) 2 13 SR BTG 1 2 SR — 5k

GOLANG KEYWORD AND BUILTIN MAPPING

mapaccess

mapassign

mapdelete

tdelete(m, k) J----

makechan
makechané64

makemap
makemap64

makeslice
makeslice64

gopanic

- gorecover

. -
|

channel

L e

{ close(c)

...................

chanrecvl
chanrecv2

closechan

selectsetpc )

selectgo .
selectnbsend .

B+ map FEE mlil, 75X B mapacess 8 mapassign.

L selectnbrecvj

@Draveness

Go ifi & M ERFARATI WA runtime FFATRREL, AR UE IR B M1 P 5L o 25014 D BB HL A2 R 5 1O 40 F 2 AIZ AT

I 3R R 52 T

AR ] HL BRSO (www. topgoer.cn) #7- 260



Go % kRIS FEMIL

o RS A A O RE LS N AST S GURTEM B SSA A A ARSI HT T, 72 I 1) 2 0 TEA A o ) e - A2 BEAT
—UERT, B RIEEN S 20E 2 A AR B AR R JE A SSA T aARAS .

H RIS ERS R

AFPLES PP FAEEEMA R, BWHEAFLES LRI REA R BE— 21 H R 24 e A
[l CPU 4ty Lizf7 MARAY

NTHEFHLE KRR, BRI s 2oxt —Lef5 AT AL, I RS AL 1 AN Teikidie 45 .

IXPSAEBLRESIRN, SEIFEATE RN . X T MR MR R TR, T — PRl T .

HEREE

P R B SRS SO HEAT IR, SR SR 2 1A W] e i b 22 5 S SCHE AR ) 4 ) 28 B ml o bR 4, X e ol 210
Hohik R A 7R LB BOA RETE -

BER R AL EHT G AR 2 A — A FUAR SCPP B T AT SO o e A9 BRSO 20 B R BLHY BB B, AR B
BSSES4E, BTN W EAI NG . SNBHAAARNEES . JUTEME, R TR 22T,

KA AE, G (P RIAREIR) M GRAFBTHSEILARS) .

AR H RSB (www. topgoer.cn) #- 261 -



GoRoot £l GoPath H 114 H

GoRoot fl GoPath A4 F

GoRoot & Go HI %k 2. mac B unix &7  /usr/local/go  4e b, KB FIiX BN 7t 4 .

PATENTS

bin H 3% Ni:

Go THHZWT, HPEREENERmIFLR  compile , FEHAR  link

GoPath MEFTE THRME—AAT AT g0 WEMEKE, B2 NTEFEMME, TREZMHF. Go HEXK,
GoPath NIk i 2 & =30k

src fEICESCIE, pkg ARSI R MBESCHE, T80 ca 5 bin NIRRT AT S0

ASCR A T H R SCE (www. topgoer.cn) # - 262 -



eI T e B AREAT I

LEGRPEIR IR, ST IR S BT M5 VERR ki ot o SR ATE, 25— REIRE L AT iR 5 TN, FATTIRIX
NS T R

Goif 5 MR 7 WL g s AT HR SRS W 5, X AR BT AL (LR AL, &l BLksE — MR R o B SIS AR 1.

HILC/CH+MF A RIIE, 4 mallockinew s $r] DLZEHE Ly Be— B A FE, X B A7 R A YRR S8 ST AR AERE
o —A/G, e RN .

Goif 5 L, FAAHHOLNFFIEEE 1o BAMA newss S, (HRMEH new s 23 B W AFAN—E mL7EHE Lo HERTER K DX 0 A2
AR T, X — VI Go g R AR AE T 5 TR AT 58 B«

Goif 5 B W AT N WER— AR BOR BIX— MR G, A el akE k.

ey it 2 P 2 2 AT AR R AL A ARRD A2 o J 300, oo A4 8 I 25 16 4 T LASIE I B B0 [l 5 AN 2 BB S| TR, A4
[EEEE 3 w2 N (1= T O 15  EE B

Goifi & U — AR v o B T DB A B 2 1A /0 EC B ME b, AR, ik i i /A GRS e s K A B 20 S 28 i
Ak

X AR ROnhE, FTRELHECRIME b (EUR GRS TR TS, IR B E B RECR NS, AR AL, B4
T W BB L

Gt s MR AR B AN 51 IR s 7 15 23R -

1 W RBON A S, SR
2. QR PAEAMBAFAE S L 0 R TR B M 5

BC/C++RIEHT, RN TIRMECE, Wi kpass-by-value (f5{H) “FH4 " ipass-by-reference, i [ Gty ik B IIEAT,
JF HE R [A—ANRE

PR—5E LT, X HBRGE T — MRS 7R BN e LT — DR R, ARJEIR BN R A R A (FEE) . XAE)E
IRASRORAEAR EOMECH) GRESAAED » — BEREBIITRSE, R SR AA SN S, AR X ASR RMEERIEE (g
SIRD  HRERERRFRET, HESBORE EEE. N i g B

int *foo ( void )
{
int t = 3;
return &t;

UL ) 2 T RERNTE FIHDX AN, AR R R BN TE F new B S — AR (BIEWASED , SRAEIRE K
BEMHAE. ROV ERENE ROV, FrUlEEOR M A S8, (H, XFRAT THS 2 new SR RIS GZ A8 (T s o] 1
deleteld? WHH itk iddeletesti s HE IR FME A4 AR EL, 2 a B A ftdeletes 1, Wil & A4 T WAFIEE .
KTFxAGL, KRWLLEEE (Effective C++) %3k21, HHEIER 11!

CH+RANMEERE RIIET, A AT U2 ERECH+IIEE. X —VITEGOIE T HH AAHIF 1. 14 LR plf
C++RIYTAEIGO M, BEAFEAT ),

BIHVFRIC/C++ a9 B R R, FEGo B — MBS RO TS . FURC/CH+ 2 fIbAE Goz #Hk !

C/C++ A BRI WAF TG LA T ARG SEIRA TP SR, WK, XA i Ak R R0 DS e 5 4%
WAF. (ERBIRIRE M. 2% MBLSICRIR AL, SEAAEE . JTel, IRZBUCE F A0 _E 7 B L) .

GOM R IENE, ILHERL AT FF 3 BRFFIET) . FUERRIK T REFF AT, LA U T Ak, R M AR S . e
AL Py 17 6 S SRS R 6 0 TR BT W SR A0

A SR 3 R SRS (www. topgoer.cn) i % - 263 -



HEIR I HTIXTh “ R R A A H R i B R T . R T new RS BI R A AE,  WURFR IR SEIRAEIR s8R
AT, MAMACHRERR L, SEER BRI A BCEHE EVRE . Rk, RMEREm B2 MR AR, (ER2i ik
SrHTIE RIAEIR R B R ST 7E ST, IR BRAAT IR ) O 2 M b

AR AR S OB b, HEAMBET AE ZhiE . B SR Go Bt AT s i, s m sy o A EEECR I R ST
FICPUREM25%)

HERAR L, HEE A AT IR NI N AR B (ER AT A 2 B LA, 1 TR AE B e RN A7 &
e AT N R HEHACPUIRA: “PUSH"FI“RELEASE”, ZrBCAIREEG MHEANIC N A7 B 20 7 LR B — R/ NETE
TN, 25 EEHE R B A R

IRk T, W CUS EASAEAN T E O iU HE IR R B R b, HE AR R T, AR RO AR T, R
Wk gei gy, BRI T

SIHL: WTEERANZERGRE T kiR?
PRk i gofin 4, AR IR SRR

Eean XA

package main

import ”fmt”

func foo() *int {
t =3
return &t;

}

func main() {

x := foo()
fmt. Println (*x)

ffifigofin:

go build —gcflags *-m -1’ main. go

-1 RATALfoork B NI B EN R -

# command-Iine-arguments

src/main. go:7:9: &t escapes to heap

src/main. go:6:7: moved to heap: t

src/main. go:12:14: *x escapes to heap

src/main. go:12:13: main ... argument does not escape

foor ¥t At MR T, AERATHARH 8. IERITAMRE A Amainl U] ) x kiR T2 RN L
A HChinterfaceZé 8, thinfmt.Printin(a ...interface{}), il RAEm 2 LS Hm AR, ek AkR.

ST iR «

go tool compile -S main. go
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IR e B AT

BG4, B hRid R B
"",foo STEXT size=79 args=0x8 locals=0x18

t

FEAEHE L NAE, R T IR

0x0000 00000 (./src/main.go:5) TEXT " . foo(SB), $24-8

0x0000 00000 (./src/main.go:5) MOVQ (TLS), CX

0x0009 00009 (./src/main.go:5) CMPQ SP, 16(CX)

0x000d 00013 (./src/main.go:5) JLS 72

0x000f 00015 (./src/main.go:5) SUBQ $24, SP

0x0013 00019 (./src/main.go:5) MOVQ BP, 16(SP)

0x0018 00024 (./src/main.go:5) LEAQ 16(SP), BP

0x001d 00029 (./src/main.go:5) FUNCDATA $0, gclocals-2a5305abe@5176240e61b8620e19a815(SB)
0x001d 00029 (./src/main.go:5) FUNCDATA $1, gclocals-33cdeccccebe80329f1fdbee7f5874cb(SB)
0x001d 00029 (./src/main.go:5) LEAQ type.int(SB), AX

0x0024 00036 (./src/main.go:6) MOVQ AX, (SP)

0x0028 00040 (./src/main.qo:6) PCDATA $0, $0

0x0028 @0040[(./src/main.go:6) CALL runtime.newobject(SB) ]
0x002d 00045 (./src/main.go:6) MOvQ 8(SP), AX

0x0032 00050 (./src/main.go:6) MOVQ $3, (AX)

0x0039 00057 (./src/main.go:7) MOVQ AX, "".~r@+32(SP)

0x003e 00062 (./src/main.go:7) MOVQ 16(SP), BP

0x0043 00067 (./src/main.go:7) ADDQ $24, SP

0x0047 00071 (./src/main.go:7) RET

0x0048 00072 (./src/main.go:7) NOP

0x0048 00072 (./src/main.go:5) PCDATA $0, $-1

0x0048 00072 (./src/main.go:5) CALL runtime.morestack_noctxt(SB)
0x004d 00077 (./src/main.go:5) JMP ]

GIH2: NEAR P AT R A A iR 1 ?

AL AR Ak

package main
type S struct {}

func main() {
var x S
= identity (x)

func identity(x S) S {

return x

Jrbr: Goifi 5 UL B R E Y, P e B 5, EEfEM Leopyth — 24, AEfEkiR.

2

package main

type S struct {}

func main() {

var x S
y = &x
= xidentity(y)

func identity(z *S) *S {

return z

A SRS I H RSO (www. topgoer.cn) Fy 2 - 265 -


http://www.agardner.me/golang/garbage/collection/gc/escape/analysis/2015/10/18/go-escape-analysis.html

Srifr: identity BRI BELEE M BOR MME 1, BONBA R ZIESI, FrbhzBia ki . 3 xy5) I 5cA 2 main i £
B, xR BoA A k.

ZN (IR

package main
type S struct {}

func main() {
var x S
_ = xref(x)

}

func ref(z S) *S {
return &z

}

Irite ZREXEXHIPE UL, refR btz S, Tz A REIRAE AR B, I ref i Bz b, R S TR Bz, T LAZan A
WEBME L UEEmain#eh, HRER Treff04i R, [ERGoMgIFSCEAMAERE, HT A LA IEIL. 10X x MR
BAEMEI, Prelx A kA ki,

B4 B A GRS A | i ?

package main

type S struct {
M *int

}

func main()
var i int
refStruct (i)
}

func refStruct(y int) (z S) {
z.M = &y
return z

}

S3HT: refStructiA Eouy T 51, Fibly K4 T kiR,

ZN (N

package main

type S struct {
M *int

}

func main() {
var i int
refStruct (&i)
}

func refStruct(y *int) (z S) {
z. M=y

A SR 3 R SCRS (www. topgoer.cn) i) % - 266 -



return z

}

SrHT: fEmain R BUEXHE 75, R AAEE LS T refStruct i B, 51— BAEmain R B E U, DRGIE R Ak
o FE—ABIFAIE, Az, BRSSP ARK: G 74d, efEmainfRbitorn, 25 XA
refStructiiirt /rBe, S5 SGREBME b, FUMERIMEC 7R, JE3IRMEC. AUt DANES Tk, ARSI 5 AR

1~ l6:

package main

type S struct {
M *int

}

func main()
var x S
var i int
ref (&i, &x)
1

func ref(y *int, z *S) {
z.M =y
}

b AR TR, AT 5 T, AR, PIME T IIX AE B 5 SRR BE LA, B R BE RN
B, AITHRSRAEMASE T, FrUA R R, IR RIS .

AR I RSO (www.topgoer.cn) 1 - 267 -



B

S

Go BEE F RHF WL
Go & & WTSEH R4t

H Ao T REER RS
a5t

AT LA R SE A R

ARSCRS A8 H RSO (www. topgoer.cn) i 7- 268 -


file:///docs/goquestions/goquestions-1cjh3vgra2ish
file:///docs/goquestions/goquestions-1cjh3vp3ul5dl
file:///docs/goquestions/goquestions-1cjh401hckvul
file:///docs/goquestions/goquestions-1cjh40apn9srb
file:///docs/goquestions/goquestions-1cjh40jpo7e0i

Go i 5 R A RLE N ]

Go 15 & A MR v H

Go EBEFE T M HINAAER . IDE HARY |3 FN A ThRE. X275 (encoding/json) . fmt FHIEEETISEEIL. ORM
(4&Fk4: Object Relational Mapping, X% AW ...
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Go IE = U] S0 s 4

Go & F Ul S s 5

interface , ‘& Go IFFH LB —MEHRAM TR . 2k ARSI T AN SRS, 50 AP Sk 1
FMAEE, RS R 5 A B, SO ST A S Rt L

Go B H1E reflect @ HE T &AM, SEHL TS & MR E, @A IEISAT RGNS S . SO fE .
types # interface

Go ifiF, WM EHA SR, ERENBORTIE TR, tkin int, float64, [Jint 58, VER, RXHEA
FEFE I ISR, AN )2 B R A

Go B 5 & Bast 7 Ml T

type MyInt int

var i int
var j MyInt

AL | RRIRZEAERRE int, (EEATHIE, AATRAFERE AR, RTINS, w0, 0 R j ASBERI BRSSP
Mo j AR Mylnt

A EES interface{} KAHMI. KT interface [MIKE4EH, ATLLSHHIHIA X interface SN E, XEES—T.

type iface struct {
tab *itab
data unsafe. Pointer

}

type itab struct {
inter *interfacetype
_type * type

link  *itab
hash  uint32
bad bool

inhash bool
unused [2]byte
fun [1]uintptr

Hrp itab HEMAKE  type  BLR interfacetype 4k, _type  FoREMIEAL, W
interfacetype  JUFR/NILARZSISTILMHE 1128,

A SR 3 R SCRS (www. topgoer.cn) i % - 270 -



Go i F W SIS

iface
*tab

data

itab
*inter

* type

fun

Sehr b, iface iR 2RO, B G SRR eface
EENiDEITE “CERILT THE .
type eface struct {
_type * type
data unsafe.Pointer
}
I iface eface bR T . R4y 7 —A _type
A, data iR T EARIME

AR s BRSO (www. topgoer.cn) f - 271 -

. R,

interfacetype

_type

pkpath

[ ] mhdr

_type

SPAS

hash

align

T B ORI AR SR

AMUEATEAIT, Go iEE H



Go iF 5 Ay SEELR St

* type

data

T2 Go BT R T RISIIE S BIE] 7, 20k, W HETAREMER, S5 WERE TR ER 1, MEARKA
FHRMFCER, BB T 5K, IR IR BRI BRI S ) — 2R AL 28 2 B

Je M — R AR ] DATPAEAE AT SRBL 145 e LR A AR &

Go & & A LI A2 Reader I Writer — 4%

type Reader interface {
Read(p [lbyte) (n int, err error)
1

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

}

R, WU Z (8] )2 R AR 1

var r io.Reader
tty, err := os.OpenFile(”/Users/qcrao/Desktop/test”, os.0 RDWR, 0)
if err != nil {

return nil, err

}
r = tty

WA r MEALE io.Reader , VERL, XE r MEASSEA, MNEMshESERAN nil L JFHEM
FIFHEMZE  nil

ZJa, r=tty XA, B v MBIAREA xos.File , BIASMEMABRART, RRFTIFHISTHATF . X
I, rafBLR <value, type>  RFRFEIRN: {tty, *os.File>
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interfacetype

_type —— io.Reader

r / itab coath
pKpa
*tab *i

[ ] mhdr

data * type

j({l_'l: ......
= t fun
— ty \ Read(p [|byte) (n int, err error)

EEE LK, SRR fun  FTEEMAMERE G —A Read PR, Har *0s. File W Write %]
B, iUl *0s.File  HEUESLIT io.Writer #0110, [FULFHEME G AT LT

var w io.Writer
w = r. (io. Writer)

ZFTUAMTE, MAGRREREME, AFAN v MESHEEL  io.Reader , JFRASKIL  io.Writer M. WiFE
RERZh, & v ISR RGFEER.

RKEE, w A BATARIREK <tty, %os.File> , fUEEA v —FF, HE w IR REORR T E RS A
io.Writer . R#bRUE REEARXFERTEATER. w.lWrite() v IR

interfacetype

_type —— io.Writer

PKpa
* tab *i

[ ] mhdr

data * type

j{{l_'l: ......
= t fun
— ty \ Write(p [lbyte) (n int, err error)

pill v M, U fun  XTMIUERECET Read —> Write

wJas R AN

var empty interface{}
empty = w

BT empty  RAEHEEM, FUTAREREMEILTE, w T EERGA T, AHEPATI S EAE.
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empty

*

_type

= tty

data

M EHE =BT LA S, interface & =#a05 B type

T os.File it Al

empty
* _type
data

tty

X

R 1iRn, s — A y:

RFMEER,

| tosFie

kdata  fR A PRI SLBR
1B, itab  WELEREMEIER, QAN QR BUEIEERM LNS M (E ERAm %), f T

KSHPR, HAEL A D7 10 iface M1 eface Zififf.

type iface struct {
tab *kitab
data unsafe. Pointer

}

type itab struct {
inter uintptr
_type uintptr
link uintptr
hash uint32

[4]byte

fun  [1Juintptr

1

type eface struct f{
_type uintptr
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data unsafe. Pointer

T, R VAR (AR A A B R R B b SCROZRAY, AT BN K

package main

import (
-
0s
et
—
io
“unsafe”

func main() {
var r io.Reader
fmt. Printf (“initial r: %T, %v\n”, r, 1)

tty, := os. OpenFile(”/Users/qcrao/Desktop/test”, os.0 RDWR, 0)
fmt. Printf (“tty: %T, %v\n”, tty, tty)

// % r WA
r = tty
fmt. Printf (“r: %T, %v\n”, r, r)

riface := (kiface) (unsafe.Pointer (&r))
fmt. Printf ("r: iface. tab. type = %#x, iface.data = %#x\n”, rIface.tab. type, rIface.data)

// 4w TRME

var w io.Writer

w = r. (io. Writer)

fmt. Printf ("w: %T, %v\n”, w, W)

wlface := (kiface) (unsafe.Pointer (&w))
fmt. Printf ("w: iface. tab. type = %#x, iface.data = %#x\n”, wlface.tab. type, wlface.data)

// % empty IRME

var empty interface {}

empty = w

fmt. Printf (“empty: %T, %v\n”, empty, empty)

emptyEface := (keface) (unsafe.Pointer (&empty))
fmt. Printf (“empty: eface. type = %#x, eface.data = %#x\n”, emptyEface. type, emptyEface.data)

=

Biraik:

initial r: <nil>, <nil>

tty: *os.File, &{0xc4200820f0}

r: *os.File, &{0xc4200820f0}

r: iface. tab. type = 0x10bfcc0, iface.data = 0xc420080020
w: *o0s.File, &{0xc4200820f0}

w: iface. tab. type = 0x10bfccO, iface.data = 0xc420080020
empty: *os.File, &{0xc4200820f0}

empty: eface. type = 0x10bfcc0O, eface.data = 0xc420080020

v, w, empty  MIBIASRRMBISEA—FE. AHIEGMREE T, 45E R0 E A LA R ARSI
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RETHIFEA R

reflect 0 B LT — ML OFI—AN S50k, B reflect. Type 1 reflect. Value , ‘EAHRMME 2 B HOKIKIUAT i#
RO RMRAGEE.

reflect. Type FERPOCF RABMCHIE R, Frol e _type KERL A % reflect. Value g &
_type Al data P, PRIRET GOnT DASRICED 48 el AR R A 4

reflect €0 rf it 1 IS0 ) 58 T S 4 R OISR 3 42 1 A 4 £k«

func TypeOf (i interface{}) Type
func ValueOf (i interface{}) Value

TypeOf  BEHRIER —DEOPEKFUEE . BT ERRASER —AEM  interface{} , WAMEHN, Sk
SN interface{}) BB, X, SLSMRAUEE. TiEE. BEERIFME interface{}  BEHT.

EERNTIEE

func TypeOf (i interface{}) Type {
eface := #*(xemptyInterface) (unsafe.Pointer (&i))
return toType (eface. typ)

X H emptylnterface kR eface R—RFE (FERAWEZER, TFERMERD , I HEAEREL
i JrETE reflect f, EHEE runtime 1, eface. typ AR,

type emptylnterface struct {
typ *rtype
word unsafe. Pointer

2T toType PR, R T — AR

func toType (t *rtype) Type {

if t == nil {
return nil

}

return t

ER, REME Type  SERR FR—AMED, X TRZTE, ARSI SME L, M #rtype KT
Type .

type Type interface {
/T HI2EZEER ] LU R T L8 5 4

/WL A BN 55 AT i 7 4
Align() int

/) WIRAE struct HIFEE XIFFE A HGF 1A
FieldAlign() int

/) IREIE TR EE G 1 (EABISE) Nk
Method (int) Method
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/) LRI Ty
MethodByName (string) (Method, bool)

/) IR T G 7 AN
NumMethod () int

/) BIEH
Name () string

/R EIETLFTFE)EE 2, Ul: encoding/base64
PkgPath () string

// IBEIEZFIA A, Fl unsafe. Sizeof TJFEFHMI
Size() uintptr

/IR IR R 2 T G
String() string

/IR IR T e
Kind() Kind

/) IR I TE#O u
Implements (u Type) bool

/) A L2 u
AssignableTo(u Type) bool

/) AT A ISB T ek u
ConvertibleTo(u Type) bool

/) BIEE AT
Comparable () bool

/X R R A e R ] LA
// Uiz Key, Elem Bi1~T7i5t HBEAR Map ZEZHA REVRH

/) BRI G B EL
Bits() int

// B ELEE R 771, R REAZ chan SEZIRH
ChanDir () ChanDir

/) IR EIEIE R EZSH, HGER func B2
/) e ¢ Z2ZEH func (x int, y ... float64)

/) H4 t. IsVariadic () == true

IsVariadic () bool

/IR FEER, HEEHIZER Array, Chan, Map, Ptr, or Slice i/
Elem() Type

/) BB | B, R BERL IR
/) R T R FR L, BER panic
Field(i int) StructField

/B ERE N 45 R0 7 B
FieldByIndex (index []int) StructField

/) BB G RR B
FieldByName (name string) (StructField, bool)

// FieldByNameFunc returns the struct field with a name
// BEIGFRfFE func BREH)FEE
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FieldByNameFunc (match func(string) bool) (StructField, bool)

/) KRBT 1 S5
In(i int) Type

// B [E] map 0] key 2B, HEEHIZEZ map 1HH
Key() Type

// B[E] Array WK, REEHIZER Array HH
Len() int

/) REIEF B, HAEHIZER Struct M
NumField() int

/I8 [E R E BT TN S 51N
NumIn() int

// 38 5] BRI 38 ] e
NumOut () int

// IBEIRRECEZAE 1 MERIEZE
Out (i int) Type

/R BT L O A8 A 5
common () *rtype

/I8 [ TEE IR A [R5 57
uncommon () *uncommonType

W Type  ECTARWZ TN, B EATAT BRI —UIE R, RS B R i T T ik

WEEF] Type  JPEHEMIBIECEE AU common
RER rtype  BA, EME—RCEVRHIN  type [, W HIEARR B BER T IOERFREE:

// rtype must be kept in sync with ../runtime/type.go:/ type. type.

type rtype struct {
size uintptr
ptrdata uintptr

hash uint32
tflag tflag
align uint8
fieldAlign uint8
kind uint8
alg *typeAlg
gcdata *byte
str nameOff

ptrToThis typeOff

AR EE  rtype RADTEL FORBEMIEBPAIMEE; b, AFERBEEEH KA.

Lt an R TH arrayType Al chanType  #& rytpe , MAETEBEE slice, len ZEMELAMKLNER; FE
ME  dir  FoliE g m s .

// arraylype represents a fixed array type.

type arrayType struct {
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rtype reflect:”array”’

elem *rtype // array element type
slice *rtype // slice type

len uintptr

// chanlype represents a channel type.
type chanType struct {
rtype reflect:”chan”’
elem *rtype // channel element type
dir uintptr // channel direction (ChanDir)

EER, Type PEOISEEL T String () PR il fmt. Stringer B, R fmt. Println FTER
TR i, A String () g g, 54, fmt. Printf () PRE AN RAEH Wl RIERERSE, fin
= reflect. TypeOf HIgE R, sl 288. flin:

fmt. Printf ("%T”, 3) // int

WET TypeOf R, EHKRE—T ValueOf PR IR [EE reflect. Value LR interface {} A7
MSEPrAR i, BRI ALSERR B RIS . MHXMITER H R T ELARUGELEMERS L. i, wRERW—AEMHT
FEAER, WHHERR _type (R ARIIX B &4 structType) KM FEA F T EMAN TG R, MBEE, Dk

*data  TIRMIIIAS —— SR SEERME .

VSRS -

func ValueOf (i interface{}) Value {
if i == nil {
return Value {}

}
return unpackEface (i)

'/ ME eface
func unpackEface (i interface{}) Value {

e := (kemptylnterface) (unsafe. Pointer (&i))
t = e . typ
if t == nil {

return Value {}

}

f := flag(t.Kind())
if ifaceIndir(t) {

f |= flagIndir
}

return Value{t, e.word, f}

WERSE, WS Foet 1 Byl kemptylnterface R, FKEM  tyo  FEM  word  FE
PAR ARG BB A Value 45040, TMiZmtid  ValueOf  eREHUIRIMME, & @& RBMEMMIRE . F%
HRmht. bR

Value @5ffhse L TIRZ T7ik, i ix ey il DL AE Value T B ptr Frg 1 K5 brsiedfi -
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/) REOIA len FE, WRBFNEY N, Bi4panic
func (v Value) SetLen(n int)

/) BBV cap FE
func (v Value) SetCap(n int)

/) REFHN kv
func (v Value) SetMapIndex(key, val Value)

/S IREIGIF . FFE. BARZEG i 4 RE
func (v Value) Index(i int) Value

/) ARG E TR R 1 P s 7 B A

func (v Value) FieldByName (name string) Value

Value  FBORARZ HAI 7. Hl:

// JHHRIKEIR int EREGE
func (v Value) Int() int64

/) HRFK GG 7B k) #E
func (v Value) NumField() int

/) S e I KIER A (R B
func (v Value) TrySend(x reflect.Value) bool

/) TBAZEAER in A v EITCRITRE (577
func (v Value) Call(in [JValue) (r [JValue)

/) SRR A R AL
func (v Value) CallSlice(in []Value) []Value

A——F%T, RIEZIEEL. W% src/reflect/value.go  HEFEVE, MK  func (v Value)  HtfEEEI.

Fak, i Type () JiiER Interface () T ] LFT interface . Type Value =¥,
Type() J7iE Ml LR A 25 M5 H, 5 reflect. TypeOf() B ¥i%4h. Interface() J73ET LLK Value i J5 5k 1)
interface.
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reflect. TypeOf()

Type()

reflect.Value Of()

Interface() Value

ISEITRT TypeOf O BECREI—AMER, XAMELE LT — RZ50J5%%, FAZEET 0T RIS TR MR T A (5 2 5
ValueOf O BRBCR P —ADME AR, (5 RAE R DU SPRE .

J—sklEbie s — T
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emptyface rtype
*typ size

word hash

align

Value

" typ
ptr

flag

B, rtye  SEBLT Type M, EATARBMAIEY. emptyface 45AFI eface HSE—NAKRTE, 1
rtype HSTRI _type &— AR, FUE S BRIt S 2, i emptyface [ word FER eface () data FELAFRAS

[, R HE e — R

RETH=Xem

W Go B KT RIHHIEE, [GHH = RE
1. Reflection goes from interface value to reflection object.
2. Reflection goes from reflection object to interface value.

3. To modify a reflection object, the value must be settable.

BRI AR MASINAEELE  interface  tRSEIUAMENLA]. XATLGERE  TypeOf  EGECAN
ValueOf RS,

TSR ERGE AR ML, B ValueOf  [ERIEMEEIE  Interface)  BREUR ALK

interface A,

RPN ORGP R ATDMHEREA, OB R SEbR bt R AR I ETTH B
reflect. Type il reflect. Value

AR I RSO (www.topgoer.cn) - 282 -
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B HFARIF I WU EHRAE DR, TR AE AR BN RO AR R E AT A T AR A, X
XA R A, KRB AR RA LY, R, RN REARARIEAE, B 7 RAAE, Ao R A

AEMTSEMA, X2 ] ek e T BASE R OUAETE 5 )2 R A PR -

AN

var x float64 = 3.4
v := reflect. ValueOf (x)
v.SetFloat (7. 1) // Error: will panic.

PAT EHAAS 224 panic, JEPRDR R v AReefiE x A&, Hha? BEVIEH
reflect. ValueOf (x)  X—ATAUHIIIN %, RAKSEAER BN AL — UL, REAE, P
x WAL FEube v BHTERAE R AR IR

FBEARGIAEE Value W MER, HEARZPAR Value  H#GERHEN.

BUARAE — AR BCRIRRE M IRATAR A N AR, B PR B B FT BAAR R T

var x float64 = 3.4

p := reflect. ValueOf (&x)

fmt. Println (“type of p:”, p.Type())

fmt. Println (“settability of p:”, p.CanSet())

R -

type of p: *float64
settability of p: false

p ARERE x p.Elem()  AHIEAFER  x , ZFSWURIERE  x 7

v := p.Elem()

v. SetFloat (7. 1)

fmt. Println(v. Interface()) // 7. I
fmt. Println(x) // 7.1

FKTH=o, 0EATE: GURBEERMERAL R, REERE  Value 1% hold fEFASERMILA 4T .
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SRS
T 2 3 L5 A DL B

1 ANBETIREE RIS s, 5 EARGE AR N IS B IBATIN P
2. ARETIE ARBINSHEA, TR BT E X R .

LT LT ANHER {8 P s S F) B ol A i 2

L 5RAHIDRHACRD, Lo A LB AR TR, ACRD TS — AR T L ) R

2. Go WEEFN—TIREIES, WIS, FiidsaEidni il — MR, (H X T RSS2 EREN I . B & R
SHARSCIACEY, RATRESISATIRA, A i, XEHMEZH & B panic, FIRESIGRM™ HITE K.

3. SR BER AL AL LEEORHY, PR AR S AT 0 — BB BT, T — AT H A T8 AT 8RR A B Y
AT, R G ] SR
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YRR VR B ST

FEHEHURE S, R EYFFEZITH (Run time) ATLLYTE) . KRS SUE A SRS TAT NI —FiEE /). A
EEMGTR A, OB AT PP AR IR AT I R RE G “ WL ZE " JF HAE 20 A AT N

HMEXE AN F S AN BEAEIZAT T 7 10« R IRME 250 AR B (R A FAT Ay 2
eI, JLS B SR B AT A T ) A RME D E AR SRS SAT N, BT A4 ?

KBR b, EIA PR R AEIEAT IR RS RIOAUE SR N TPA . AT BEATIS ? LA L EANCSRIE S, EEAARST
ALIE, ATUASRBUEMIEE? (B, DMt s Lok fm, Ay 7 Rt RS SRIEFILTIGE.

AFE S RS BRARME, ALETEASF A, (Go iEE 4 R FE U

Go 15 & feflt T —FWLHIZEISAT I SE R BA A e TR0 WA EAIB i, (ER ARG BRI RS A3 I A 8 HL A
FAY, RN
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A LA X 51 52 4 AR [R]

Go T AL T — AR EnT DL B T RE -
func DeepEqual (x, y interface{}) bool

DeepBqual  BIBHEFA | interface , by LA LMMAERELE, fith true ¥ flase FoRMAMIF
AN R T TR

JeMI i, WIAGEAFIFEA, RO RRR I, AR AR R, A2 P A R R A

type MyInt int
type YourInt int

func main() {
m := MyInt (1)

y := Yourlnt (1)

fmt. Println(reflect. DeepEqual (m, y)) // false

LIRS, m, y RZEGE int, WHALAE 1, (EREFHFSRMAR, diEe  Mylnt  , JF#HZ  Yourlnt
DRI P AN TR AR A

TERIGEL, A% DeepEqual pEUMARF S IERE, Z1%% P A, DeepEqual MLLEIHE, X BAT— > E4:

KA TR BE AR S5 1%

Array FHIF R 51 AL I TC R IR L A5

Struct MR FE, AESHAARSH, IR
Func HEPHEHAZ nil i}

Interface PR A R B A VR B AR G

1. A&y nils 2. JEE. KEMEE, f8AFE—A map stk 4,

M
ap IR key FEIM0 value “VEE" 1%
Pointer 1. f == LB SIS, 2. F5 Sk TR A

1. #Anils 20 9B, KEMAE,
Slice HICRAR A FE MR ZEARMETTR, B &x[0] == &y[0]
B MFR G R IO TR A A

numbers, bools,

strings, and i == WM RNE
channels
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—BIEBLT, DeepEqual 5Bl W i S A == 5t 7T LA HUSH AN AR Bt 752 JUR IR A A

B, A—REEN: [ func REURAT LR INZEAL, HALEBAS func RELHE nil BT, A& “IREE" % float
HRA, MTRERIER, WA == K A4 func 88 float 288 struct, interface, array 2%.

XPTAREN S, AP AMEAR SR TRET B IR ARAE, RO 6 BN AR AR R, B 1 A func 2828k float
FAY, XSO AL AR BT IR A A

[, XFT4REAMFA slice, map FIFA SRR IRE"HZER, A% slice, map BRI

XPFEA SRR, LA R, BN R R IR R R R, T SR R AL, — BB RS
ZATH RO, SLRME IR, AT R IR R . SRR R R, A HRE, S N TR

HRE VY -

func DeepEqual (x, y interface{}) bool {
if x == nil || y == nil {
return x ==y
}
vl := ValueOf (x)
v2 := ValueOf (y)
if v1.Type() != v2.Type() {
return false
}

return deepValueEqual (vl, v2, make(map[visit]bool), 0)

HAREAME RS nil [ XAELR, RAPEHGE nil, RECHZIRE true

e, MRS, SREUX, y MRS, FEESZRTHCE A 2R, RIERTm NS, X ESEhR FRESNSRE, WREIAR
[, BEZRE false.

Ta, WZOMWNATETHREL  deepValueEqual .

ARG LK, B H LU TR BRI I . 02— switch B4), RIS ERIRFEZEAL, 470337 deepValueEqual i
B, —HEBABEEA N BIRIA, LB int, string ST AN true Bl false, F—2EHRE, &SR “WEE"H
S LA A

Sebr b, B AR LER B AL, X B B IR — O A — i map  SRAUAIELEL

// deepValueEqual ER#{

case Map:
if v1.IsNil(Q) != v2.IsNil( {
return false
}
if vli.Len() != v2.Len() {
return false
}
if v1.Pointer() == v2.Pointer() {
return true
}
for , k := range vl.MapKeys() {
vall := v1.MapIndex (k)
val2 := v2.MapIndex (k)
if !vall.IsValid() || !val2.IsValid() || !deepValueEqual (vl.MapIndex(k), v2.MapIndex(k), visited, dep
tht1) {
return false
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}
}

return true

A B g2 B2, A map 2SS — 2, AT ELZ WA 4. W — A, visited 24 map, it
SSLHERUR PR SV TRD U

type visit struct {
al wunsafe.Pointer
a2 unsafe.Pointer
typ Type

1

map [visit]bool

tefod g, —EORBIHE X", C&rE map BHBULRE, BEEHERE" LA RIS true
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file:///docs/goquestions/goquestions-1cjh417jvo57m
file:///docs/goquestions/goquestions-1cjh41m6an9ab
file:///docs/goquestions/goquestions-1cjh41vnd895p

DI AE NS4

DI E NS
WITIRATUEE], slice HOz@&— MR, W8T =M. len, cap, array. M RTIFKE, &8, KESIR©HLL.

2 slice fENBRESHIN, e — @M. JTIARIFEE. & %M slice, EHMEGR, %S slice AR
PRIERAERCR, A EIOE slice RUTEEE, EIHMIFEE R, RLSBEURE slice 1.

ERERRE, AEEIRL slice B2 slice 185, WIRMAL T slice JRZHAH MBI, < NF|LS slice MIRZHH. Fft
LRESR IR R B ER ? ARG ELE . IRJZ U AE slice SRR ELAE —MEEN, (UF slice 45K H A SR, Bl BUR
SRR AN S22 . (EUE B AR R IR Z BRI, T AR YT MR E EE B TR R

i slice 1 array FBust il RIS E . RIS, R EBGERM  s[i]=10  XAMERIEECE slice IRIZ4H T
HH-

Si4h, HEASEERE, Go ik EMRES ki, AEHkE, a5k,

KBS B

package main

func main() {
s := [Jint{1, 1, 1}
f(s)
fmt. Println(s)

}

func f(s []int) {
) IR AEIAE, PRECCE s T

/*for , 1 := range s {
i

%/

for i := range s {
s[i] +=1

1

=

BT T, P
[2 2 2]

REUAE T slice RRZHE. X EUEBHE 4 slice MglA, £ £ &Heh, s A& main  HRHCR
s BN £ REAE, X s BIEHIFASECRSNZE main REUN s

TRFMSASNE  slice . RARKRPIFHR slice MMERIHIR slice, 2 a1 Hfkis— MR slice RIREr. FAlIHF
KB M T

package main
import ”fmt”

func myAppend(s []int) [Jint {

/)RR s BT, (AR LESNE R s
s = append (s, 100)
return s
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}

func myAppendPtr (s *[]int) {
/) AR s K
%s = append (*s, 100)
return

}

func main() {
s := [Jint{1, 1, 1}
newS := myAppend (s)

fmt. Println(s)
fmt. Print1ln (newS)

S = newS

myAppendPtr (&s)
fmt. Println(s)

=

[111]
[11 1 100]
[1 11 100 100]

myAppend PRECH, BEARWGAT
RRE 11 1]

M newS & —ANHH slice
[1 11 100]

w®ha, ¥ newS W{EZ T s

A=A s g, XEEARKESE T

S

ARE AR AMELR I, FEASHIRANER s

s ERIET s BN FESTERREE M T —A

)

S

XA BAEA R T — M HiIslice. Z2Ja, T4
[1 11 100 100]
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myAppendPtr
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IR R A BRI
—RHGEAEIR slice BN T CRZ A, ARSET A, BICRFEIKEZ  append L

JeKBEE  append  HREMELL:
func append(slice []Type, elems ...Type) []Type
append EFSHKFEAIAE, HILaLLEINZ MES] slice v, @Al ... fEA slice, BEEEEI—AMIF

slice = append(slice, eleml, elem2)
slice = append(slice, anotherSlice...)

append  BRHURIFEMEZ—MHislice, GoZmiFEds A A T append HEUEAE AR [FI{HE .

append (slice, eleml, elem2)
append (slice, anotherSlice...)

P LA BT A A, ASRE S s .

1) append TLAE slice sBANTTER, 9cbr LR MERERALFINTR . (AREZHMAR KRB TR, mRRS  len-l
P BT R AR Z BRI G — e R, sBGEERN T

X, slice LR RIRAINAAALE, HURZEBARK LR N, SR ar USRCESHT I e R . RIS,y 1 RIXT AR AT REFF IR
KA append #:4E, BKEBAMKE, M2 slice  WRERE T —EMW  buffer M. W, FRIEMN
TER MR, HRRAETRE, AR,

W oslice TEM  buffer  R/NEA M. W K2 HISCEHA L XA

G slice HEANT 1024 [MEHE, B slice ZEARERN 2 fif; JE slice &ML 1024, ¥
slice ZEAMERK  1.25 %,

BAEX B ULLE 18 D R R IRE .

N7 U B R R, RS T BB AR

package main
import “fmt”

func main() {
s := make([]int, 0)

oldCap := cap(s)

for i :=0; i < 2048; i++ {
s = append (s, i)

newCap := cap(s)
if newCap != oldCap {
fmt. Printf("[%d —> %4d] cap = %4d | after append %4d cap = %4d\n”, 0, i-1, oldCap, i, newCa

D)
oldCap = newCap

A SRS I H RSO (www. topgoer.cn) fy 2 - 292 -



VIR KA ERE

Wbl T A=W slice  , WJa, A MEFEAMELL  append  FHILER. ARICHRAERLNL, JFHEY
AR, 10K FERER, URBMECR GMAE, FIC IR slice  HEEIUER. XA, Ftnl Ll
WE, Hr&  slice  MBRELWHI, MimHREMHE,

BTG R

[0> -1] cap =0 after append 0 cap = 1
[0 —> 0] cap = 1 after append 1 cap = 2
[0 > 1] cap = 2 after append 2 cap = 4
[0 > 3] cap = 4 after append 4 cap = 8
[0 > 7] cap = 8 after append 8 cap = 16

\
\
\
\
\
[0 -> 15] cap = 16 | after append 16 cap = 32
[0 -> 31] cap = 32 | after append 32 cap = 64
[0 > 63] cap = 64 \
[0 > 127] cap = 128
[0 => 255] cap = 256
[0 -> 511] cap = 512 |
[0 => 1023] cap = 1024 |
[0 -> 1279] cap = 1280 |
[0 -> 1695] cap = 1696 |

after append 64 cap = 128
after append 128 cap = 256
after append 256 cap = 512
after append 512 cap = 1024
after append 1024 cap = 1280
after append 1280 cap = 1696
after append 1696 cap = 2304

e slice ZE/NT 102419, OB slice FIABERIZEZ slice 2%, HAETELH LR,

fHA, 4 slice ZREANTET 1024 [l FEeOmAAR T . 4 slice RERIIGE 1280 (MR, ¥ slice
(IEES =95 1280 , ZJEART 1696 , WiFHFAL  1.25  fEMICHR (1696/1280=1.325) . HINSE
1696  J&, HARE 2304 HARBWARE 1696 [ 1.25 o

RO, BUAE R bR o g A SRS AN IE R . FRAT B L URAS  JRASTIRT . T TERE

MBTHNCHATSIRATBE R T, 7 slice sBITTRMMNAE, HAEAM, 2B growslice %L PIURATEHZEEEK
A

// go 1.9.5 src/runtime/slice. go:82

func growslice(et * type, old slice, cap int) slice {

newcap := old.cap
doublecap := newcap + newcap
if cap > doublecap {
newcap = cap
} else {
if old. len < 1024 {
newcap = doublecap
} else {
for newcap < cap {
newcap += newcap / 4

capmem = roundupsize (uintptr (newcap) * ptrSize)
newcap = int(capmem / ptrSize)
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IRIUESS PR¥sy e RS

EH 72 B AERCEES, BUEM R A SCE R neweap  BURUAUEXNH. IUSZRE, EAEERERT newcap
ET—A WS, XAMFIAAASECRIEA DS, BT RAXF 2 )G, #slice I ERE KTFET £ slice &
£f] 2f% B 1 25f%

Z G, 1 Go WAFEHEHIENAE, K& slice MBI GG 2, I HI¥ append Myc R B INEH MK ELL + .

), | growslice  EREURMAEIRE—/NH slice, XA slice IKJEIFRAAEN, MAERINEAT .

[51H1]

HKE AT, AT X

package main
import ”fmt”
func main() {
:= [1int {5}
= append (s, 7)

= append(s, 9)

s
s

s

x := append(s, 11)
y := append(s, 12)
f

mt. Println(s, x, y)

Y Y1 A X RORAS
S .= .
R —A Ao 5
int{5} s HE—1ux (5]
S =
append(s, s¥®, HELN2, [5 7]
7)
end(s, | ST BEINA 15,7 0] . WAL KN s KRS,
PPENCLS:  nig3piz
9)
X 1= BT s WIRZEEAETRE =], R HFASY &, XFE,
append(s, JEEXAMAKR T [5 7, 9, 11] . VEE, W s= [5 7, 9] ,
11) weN4; x= [5 7,9, 11] , HEHNL. XHE s/
y = XHEERE s TEREMBMNTCER, BT s WKEN3, FEN4,
ap’pend(s BB R E AR5 A3t 3B 112, 455 s=  [5 7, 9] ,
12) Coy= [5 7,9 121 ,x= [5 7, 9 12] ., x, y KEHANS,

AW h4

P LASR e R e R 4R AT 45 SR A«

(579] [657912] [679 12]
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VIR KA ERE

RHEEEIE, append AT e)a, REIZ—AD2H slice, JFHXEAR slice IFAFEM .
[51H2]

&I append , FAIEEHRE AT, KT Golang Slicefyd AL .

package main
import “fmt”

func main() {
s := []int{1, 2}
s = append(s, 4, 5, 6)
fmt. Printf (“len=%d, cap=%d”, len(s), cap(s))

=

IBATAE R
len=5, cap=6

A% P L RSB R SRR N TR slice KE/ANF 1024 (i, ARSI 1 %, e 4 K SEEN
4; WINJGER 5 MEHEAA; WINiE 6 MmN EA R 1 5, Bk 8.

A T A BT 45 R 2
len=5, cap=8
ERERN D APRHFAMER, AR, B O A

// go 1.9.5 src/runtime/slice. go:82

func growslice(et * type, old slice, cap int) slice {
newcap := old. cap
doublecap := newcap *+ newcap
if cap > doublecap {
newcap = cap
} else {
}

capmem = roundupsize (uintptr (newcap) * ptrSize)
newcap = int(capmem / ptrSize)

XA R SR R TEHRHIZRAL, £ slice, #Hr slice B/NRIERE

1515 s JORHAE 2 Mok, len  F cap  #H 2, append TEAGERE, KIELRN S5, FEih
HASRE 5, BPiE growslice PRE, tENISE=ASHNZ N 5. B cap=5 o Mm—J71f, doublecap 72
JF o slice AEM 25, %T 4. WEE A it %M, FTEL newcap  EHT 5.

EEREAT roundupsize PRE, BN 40. (ARG ptrSize& s —MEER/N, 7E64MHL 28

PAVHEPRLEXF, W roundupsize  BEMARID:
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Pl s w2 B K

/ src/runtime/msize. go:13
func roundupsize(size uintptr) uintptr {
if size < MaxSmallSize {
if size <= smallSizeMax-8 {
return uintptr(class to sizel[size to class8[(size+smallSizeDiv-1)/smallSizeDiv]])
} else {

}

const MaxSmallSize = 32768
const smallSizeMax = 1024
const smallSizeDiv = 8

IREAE, FATR bRz X A2 45 R
class_to_size[size to class8[(sizetsmallSizeDiv-1)/smallSizeDiv]]

XA Go VERG A 5% A7 EL T R A slice & class to size it spanClass  3RHY span X4
] object  K/N. M size to class8 FRoRIEL size FREUE spanClass .

var size to class8 = [smallSizeMax/smallSizeDiv + 1]uint8{0, 1, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 9, 9,
10, 10, 11, 11, 12, 12, 13, 13, 14, 14, 15, 15, 16, 16, 17, 17, 18, 18, 18, 18, 19, 19, 19, 19, 20, 20, 20, 2
0, 21, 21, 21, 21, 22, 22, 22, 22, 23, 23, 23, 23, 24, 24, 24, 24, 25, 25, 25, 25, 26, 26, 26, 26, 26, 26, 26
, 26, 27, 27, 27, 27, 27, 27, 27, 27, 28, 28, 28, 28, 28, 28, 28, 28, 29, 29, 29, 29, 29, 29, 29, 29, 30, 30,
30, 30, 30, 30, 30, 30, 30, 30, 30, 30, 30, 30, 30, 30, 31, 31, 31, 31, 31, 31, 31, 31, 31, 31, 31, 31, 31, 3
1, 31, 31}

var class to size = [ NumSizeClasses]uintl16{0, 8, 16, 32, 48, 64, 80, 96, 112, 128, 144, 160, 176, 192, 208,
224, 240, 256, 288, 320, 352, 384, 416, 448, 480, 512, 576, 640, 704, 768, 896, 1024, 1152, 1280, 1408, 1536,
1792, 2048, 2304, 2688, 3072, 3200, 3456, 4096, 4864, 5376, 6144, 6528, 6784, 6912, 8192, 9472, 9728, 10240,
10880, 12288, 13568, 14336, 16384, 18432, 19072, 20480, 21760, 24576, 27264, 28672, 32768}

AL 1 size 2+ 40, Arbh (sizetsmallSizeDiv-1)/smallSizeDiv = 5  ; FKHEX size to class8 = %t
PRGN B MIGE AN 45 3REL class_to_size HEREN 4 MITeE N 48 .

B, Hil slice AR A 6
newcap = int(capmem / ptrSize) // 6

BT, B BREEA mdek, SIAEITT .

[51H12]
[ nilffislicei® N R &S RN N4

Ha nil slice o empty slice #Er LUl A append BRECRISRERALY 2. AR A
mallocge Kl Go MM AEE LA BE Bl — N7, RS HAE R nil slice =4 empty slice , ZRJEHE
=, BON“HIE"H]  slice T
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BT A AT 45 A

BARY A2 5%
slice FRZHH R EAL, slice N EAAIERE, CRid — DR BL. P& AT BUE L R AR A TR

AR ERKN, KEEIFZE, PEBER. 4 Go i, HULZAE WM, RN A —35y, R T ErEikm
71, et [3lint A1 [4int 5R AR R,

MR WARS R, e DBty 7. U SR e %

BADIE — R ESNALT,  slice Sebr b2 —afik, @S =17 KE. F&. KEHYL.

// runtime/slice. go

type slice struct {
array unsafe.Pointer // 7o & 75%f
len int // K/E
cap int // &

slice MR R

slice 0

array 2

len=3

cap=5 REHAE

slice

R, JREBULET LU EA slice FINIREK, HIbx—4 slice MycaRBHATHAR A T RER A S HAD slice /.

[5/H#1]
[3]int A1 [4]int & [F—A>2ping 2

Ao BB EE RS — 7Y, X5 slice ARIM— s
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[51H2]
R AR R A4

B Bk E MR (Go%: 22l SIUMR, PA3TL. XHILATY R, JFSlERITEA .

package main
import “fmt”

func main() {
slice := [Jint{0, 1, 2, 3, 4, 5, 6, 7, 8, 9}
sl := slice[2:5]
s2 := s1[2:6:7]

s2 = append(s2, 100)
s2 = append(s2, 200)

s1[2] = 20

fmt. PrintIn(sl)
fmt. Println(s2)
fmt. Println(slice)

it

= :

[2 3 20]
[456 7 100 200]
01232056 7 100 9]

sl M slice 52 (HX[E) FIR55 OFXIE, LRAERBIRT4) , KEN3, FEBINRIEAL R, N
8.

s2 M sl RS2 GEAXED BIR5I6 OFXE, JTRAEREIRSS » FEIRIT OFXE, HIEFRT
6) ., A5.

slice 0 1 2 3/ 4 5 6 7 8 9 len=10, cap=10

0 2 5
s1 2 | 3 | 4 len=3, cap=8
0 2 6 7
s2 4 5 6 7 len=4, cap=5

WA, s2  RE#EBEMI—AtEk 100:
s2 = append(s2, 100)

s2  FENIGHE, HEBN. A, XeBuURIREAR M ER TR, XsEh, BAM sl BT ESE,
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slice 0 1 2 3,4 5 6 7 100 9 len=10, cap=10

0 2 5

1 2 3 4 J [ 100 len=3, cap=8
0 2 S 6 _;"

s2 4 | 5 6 7 100 len=5, cap=5

WkE s2 JBNyc#E200:

s2 = append(s2, 100)

X, s2 WHEEASN, miRT. TR, s2 Sy, REOREIUREHRBAE, R CRE. JFH
T RIXERKTTHERT  append  AFRAGH— Y4, s2  REMIRYEMNGELZE L buffer , KORTA SR
PRNEIHAEII245, HElE107T .

slice o 1 2 3 4 5 6 |7 100 9 len=10, cap=10

0 2 5
s1 2 3 | 4 J [ 100 len=3, cap=8
0 2 - 6 7
s2 4 |5 |6 | 7 [100|200 { L J len=6, cap=10

A, B sl RERMEMITR:
sif2] =20

ORI AN B TR EmAR 2 7, ARC&mER T .
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slice o 1 23 20 5|6 | 7 100 9 len=10, cap=10

0 2 5
s1 2 | 3 20; J [ {100[ len=3, cap=8
0 > e 7
s2 4 | 5 6 7 100200 { { J len=6, cap=10

PP —ni, ATED sl R, HSATEDH sl KEVARIGER. Jrel, ASATEH3AN IR, BAERRZEEAA
1E3 6%
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GC kiR

GC LR

H4R GC, BHAtE?

R R B ERA 4

HIK GC LI RNAWHLEL? Go iIEFH GC AR A?
=BiReERMt A7

STW RAARE?

fTME Go GC?

BT GC, AtAaBSRENFIE?

H R ICHERERER R A?

fraRERRE. BESHE, MATEH?

Go iEEF GC WRBRH4?

MR GC MR HLRMA?
WRAFSEEEEY T HMEERIEREEAR?

GC KIERITRIRE HRLk?

Go i GC WAk ?

Go Bk FKEH MRLEAERE API? HAER 2 HIRH4?
Go i EAMRALE GC HTHEKIH#E?

Go GC 7RI B EREMEIMMET? 2 BREBKA?

HErRft GC HiE= AR GC KIEEHHE? GC M No GC FHKMBRREMA?

Go Xttt Java. V8 # JavaScript K GC BT ?
HEl Go EES K GC RFEAEMRLE ] &5 ?
Be
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file:///docs/goquestions/goquestions-1cjh5j0e0eo35
file:///docs/goquestions/goquestions-1cjh5ja0jlm2e
file:///docs/goquestions/goquestions-1cjh5jjhhlejc
file:///docs/goquestions/goquestions-1cjh5jtd616vl
file:///docs/goquestions/goquestions-1cjh5k8dos9h1
file:///docs/goquestions/goquestions-1cjh5ki7lrflp
file:///docs/goquestions/goquestions-1cjh5ktisdgu7
file:///docs/goquestions/goquestions-1cjh5l87sjgec
file:///docs/goquestions/goquestions-1cjh5lhlbg2od
file:///docs/goquestions/goquestions-1cjh5lrc52l21
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Ha GC, AHA1EM?

fra GC, e

1. f+4% GC, Fi4tEM?

G , & Garbage Collection , BUEIRRIA, J&—F0E 3 NAFEBEIHLH] .

SRR 1A A AR G T (1 AL AT AN PG TS B3 (e = g L IO F AR AR AT A7 s IR IR S, sl R L A
ARG, XA A BRI E S G R, RIS R T S s R R R A, R R [l

B A S — AN 5631 “Simplicity is Complicated” #IfilF. —J5T, FBFA%ZaE T GC, LHREO. AR I AT
AT F M B ARG E, GC 7ERETEATI BBk M AE. B —J71i, GC XRET RLT-AW W, AXFERE 75 Bk 4T
FERRARALI, @SRRI AR APl 4 GC RIEEITIS ML I8 47 FFAS HEAT 4042 I I 15 DA & o

T, B AR AT R R R S S A 2T 0 2 A

o JA{EAS (Mutator) : X —AFRAT LA P A IARES . Dy s mlficds i 5, P S IR R AR B o 5
ZIIMGIHIRAR, WAlRAENRIE O R 25 TRAR —DHFED BT,
o [Hlfcds (Collector) : AT bisl Ml rARAS .
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R RENERAT A2

MR BB A

2. RN RBERMTA?

MRS GAE S ISR AR vh SO O R, e B ISR AE PR e I AR I B R B O R, 46
1 &R TR I RE T 2 AR A e T R A A AR &

2. $uUTH: B4 goroutine #E A CHATHG, XLEHATHL B SR IR R KR 1R 2 B B HE AT XER R
3. WA AFESNETRR R NMEE, S5 E R X LR T RE RS i LA A o B A N AE X B
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WL GC Sy A WRLE? Go WS 1 GC A A4 2

WL GC 27 :UHTRLE? Go WEF 1) GC AT 2447

3. HRK GC LI G AAWLL? Go iESH GC HAKRHA?

T GC HyEHAE e AT LU RiEE: (Tracing) #1351 Hit# (Reference Counting) XML R IR EIEH .
. Bt GC

MARSS S A, ARAERT G2 [m 151 MG, — 0 0 HEdE B I 4 o Be B ME I ff e 7R B AR R R0 &, AT [ Wi i A T [l i
X %. Go. Java. V8 X JavaScript HyscEl & hitii GC.

o SN #R GC

BAXNEEGOE AT HRTHEES, BRI RN AEE R By ARG Z , FEIE SR m P AR T A
M. Python. Objective-C 251y 5] it GC.

H A E 5 IR GC sl N4

o JBER, NERORFEZRA, flan.
o AL MO RIS, Wi A 6 RAEATHRC, IFFA A BLE R 5
o FRICEEEL: N T MRRAFBER R B, fEARCIERE T, R RS T REE R R Pug s N A b
o M KRS SRR IAT, BERHATAR AN, AT RS S R B S, R B ASEIN L LA
U H .
o IYEREM. FENGEFUMIERE L, RO QR T AR
o JpARaRe KRR GURARAF I N T8 (IS HEAT 7028, AAm I 6]/ T REAME RN EERRAN, AR I TR T AAME R 2 4K
AKIEANE S5 IR GO A TR AU BE (SR — X AR I T AN KU 1 Tl el e, R — xR el
CAFIEARA IS [R5 i) A0 AR ) X Gtk AT [
o SUNTHE: WAEXT S A s ek, 51T EUR R S R

KT EFITERVEDAN R SIS IAEA R VAR T Go 1, Go 1 GC HETEH 2 /8 O QA ks 2
gr) ~ AR (YRR R TR SBED | JFk (SR REEIERBIT) = akmciEains. ERIIHE T

1. 0P REEFRA BT e Y AFBE J D DA Se v IS N AE Y BC s . 18 Go Sz ATIN I B SA2E T temalloc, A B
AW IF IR A BOE A2 LR 5 R IR AEH] . Go M2 T temalloc IR AF 2 BCSE, xR
HEATREBAS 2o RSB M PR RE S T

2. R GC i AR, B GC s L e H AR BCERT IR B b (ARG ()4, SEA T i, AR o
PR3 R . (5 Go (¥4 P 25 2B SRR M A2 BT A3 QAFAELERR L GRRELEER YO, AT AL T K I AE TR
G 2o PRI T AT RO R b e, X GC IRl IS LE 72T I TR X RAE Go P Bl e Bk
L, ¥4 goroutine FET- ARk b W E A BN, A E GC 1S5, #maURBOFEAREZIH . IFH Go Mk
Weats 5 P AR IR R AT, (45 STW (R[] 508 RERER . xR size A XK FR. Go RIBNSE ST S 4F il GC
5 PR I R AAT CREFTE 2 CPU SKHATBEIRIEO i AR s 5 it )% — s H b5 s
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B FRICIE R A2

—hRIdIE AT A

4. ZBintiERt A7

L = EAMEEEN S B R =GR L EE (wavefront) HEHEXFIAMS. =@l R U Fhlidia g as
(70, AR IR B SR 3 eI E B AL T A 4 L B S A 1 T B A R IO VA IE R . e i, 2
AT L = Cubriciknt, B RS TE AR Rk R

MBLIE G IALARE, =G RUE T =MA R RXT R, IR R BB

o ATXR CTRESLTD) = RPRIES DI BN R . ERBOTIEIBL s RN A T, HRWEHE, Ao RN

ik,
o RAXTH GRIED ORI ERORT SR, (RS O N AR BT, BT REIE SR 1 A
B R,

o MOXF (WEMFE) « CHEESTIHBIFS R, Hp e 7B O, BEx R Er— e dA it S
[ISEERUE

R =R PE AT E S EMOE AR I SR — AN SRS W A I R, X AN T [T 42 PR 50 GOR (] €0 RIMIL S, IR taxt 4
IR AR -

Hhg O aR, REAGHR. BERCERITGBHT, KOS FGIHGLE GE) , XN EIGEY K. 24—
XPREIPTA T R SR, B OO B O, AR R, AR RO O R, IXINR E0 R O RTIE
F, BIAEE; I A O GONAAIER G, BIZET . I AR ] DAL B Ed GONIHT, K 38 X AN S RIS, ki
AN I R B A ATk R A o0 AR SR T Ok R R . AR IR |

AR BIREL5R
B

IR EBREDR

|
|
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i
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TS ; FAAHR |
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STW ZAt4mE?

5. STW BHARRE?

STW  mf A2 Stop the World M4E5, Harblg& Start the World ST CR =S RE I=E =AW/ Stop
the World X =B R A 2 Start the World — IX—2hfERAENIX—BHFEIEIRG, BUGWER. STW 7Rk 3% Bt
TR T ORIESEIL A IR YE . B TG 1358 P P A7 385 K A5 (vl f80 1 A T B 1 75 24 1 T 2% — D4 B L B ) — B 2

FEIZA IR A REA P AR 452 1 E sl 3R T STW B, XA ARG B EEm (FIAEIR) Bk, 5 Go X
BOIRPE SR ROSEBlg STW  KAAJUEZEAD, b [AIBURR ) S 38 15 58 N RE PR 2 i ER 5 . ARG — Mo 7

package main

import (
“runtime”
“time”
)
func main() {
go func() {
for {
}
JX0)

time. Sleep (time. Millisecond)
runtime. GC ()
println(”0K”)

LHIXAMETAE Go 1.14 Uizt 0K, JARREREREA STW X —#AEIHAT IR M H T K.

R STW 14 B s /=240 BU R, HIXAMREF#REE RS d T2 STW S8, R T, GC 72t
AN STW i, FHELEAMIFLIAT A P AR, B for {J FI{EMN goroutine G ASAN &4 P, AT dG &I
HEN STW MrBr. SEBrscBrp g intt, M5 HHEA goroutine KR MRS 1k, SEATHIIEHEN STW AIRHL, IXFhiE 5
TR (RAE) RAEF AR, 4FEH Go 1.14 ZJ5, iX3% goroutine REMG MRS MG &, MM EAGHEN STW HIIS (]
At At 15 SR, RERE A BN SR — 4> goroutine RS ILTIfFWEREN STW ZHTHIERAF L.
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W% Go GC?

wfa g% Go GC?

6. T4 Go GC?

AT R HEOFEF B, e R PUR AR R T 2R A A SE GC, A2 T 1 1 i P J LA PR (K 7~ Bk e I T £k
GC.

package main

func allocate() {
_ = make ([Ibyte, 1<<20)

func main() {
for n := 1; n < 100000; nt++ {
allocate ()

j‘:f:_l:t 1. GODEBUG=gctrace=1
PATE Senr Lot

$ go build -o main
$ GODEBUG=gctrace=1 . /main

gc 1 @0.000s 2%: 0.009+0.23+0. 004 ms clock, 0.11+0.083/0.019/0.14+0.049 ms cpu, 4->6->2 MB, 5 MB goal, 12 P
scvg: 8 KB released

scvg: inuse: 3, idle: 60, sys: 63, released: 57, consumed: 6 (MB)

gc 2 @0.001s 2%: 0.018+1. 1+0. 029 ms clock, 0.22+0.047/0.074/0.048+0.34 ms cpu, 4->7->3 MB, 5 MB goal, 12 P
scvg: inuse: 3, idle: 60, sys: 63, released: 56, consumed: 7 (MB)

gc 3 @0.003s 2%: 0.018+0.59+0.011 ms clock, 0.22+0.073/0.008/0.042+0. 13 ms cpu, 5->6->1 MB, 6 MB goal, 12 P
scvg: 8 KB released

scvg: inuse: 2, idle: 61, sys: 63, released: 56, consumed: 7 (MB)

gc 4 @0.003s 4%: 0.019+0. 70+0. 054 ms clock, 0.23+0.051/0.047/0.085+0.65 ms cpu, 4->6->2 MB, 5 MB goal, 12 P
scvg: 8 KB released

scvg: inuse: 3, idle: 60, sys: 63, released: 56, consumed: 7 (MB)

scvg: 8 KB released

scvg: inuse: 4, idle: 59, sys: 63, released: 56, consumed: 7 (MB)

gc 5 @0.004s 12%: 0.021+0.26+0. 49 ms clock, 0.26+0.046/0.037/0.11+5.8 ms cpu, 4->7->3 MB, 5 MB goal, 12 P
scvg: inuse: 5, idle: 58, sys: 63, released: 56, consumed: 7 (MB)

gc 6 @0.005s 12%: 0.020+0. 17+0. 004 ms clock, 0.25+0.080/0.070/0.053+0. 051 ms cpu, 5->6->1 MB, 6 MB goal, 12 P
scvg: 8 KB released

scvg: inuse: 1, idle: 62, sys: 63, released: 56, consumed: 7 (MB)

FEIZXA H Gl USRI AN R (5 B -

gc 1 @0.000s 2%: 0.009+0.23+0.004 ms clock, 0.11+0.083/0.019/0.14+0.049 ms cpu, 4->6->2 MB, 5 MB goal, 12 P
gc 2 @0.001s 2%: 0.018+1.1+0.029 ms clock, 0.22+0.047/0.074/0.048+0.34 ms cpu, 4->7->3 MB, 5 MB goal, 12 P

DVE
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scvg: 8 KB released
scvg: inuse: 3, idle: 60, sys: 63, released: 57, consumed: 6 (MB)
scvg: inuse: 3, idle: 60, sys: 63, released: 56, consumed: 7 (MB)

ST P AT 3G AT I HR 5 P 427 A 3
gc 2 @0.001s 2%: 0.018+1. 1+0. 029 ms clock, 0.22+0.047/0.074/0.048+0.34 ms cpu, 4->7->3 MB, 5 MB goal, 12 P
BN RUR:
FEB P
gc2 %/~ GC F
0.001  FFFIFAG/ER) 0.001 #
2% % GC &+ CPU [ ffi %
0.018  #ridHFahlt, STW Frfesh it (wall clock)
1.1 FricidiEe, JEAPRCHTEZE R A (wall clock)
0.029  Fpid&ibRf, STW Frfe sk it iE (wall clock)
0.22 FRidFaREE,  STW FrfE 2% 1] (cpu time)
0.047  bmidid iR, AniciiBhET e gk fEt A (cpu time)
0.074  tmididEdr, FEARAMCHTE SR IR (cpu time)
0.048  #Hridid iR, GC ZFHWAKE (cpu time)

0.34 FridZeikml,  STW FrfE 2 1IN A (cpu time)

4 PRICTFARIS, HERR/NSEBME

7 PRICES AR, HERIRNRSEBE

3 PRICES AR, ARICNAEE BN SR/
5 PRICAS I, HERIR/NRFNE

12 P %R

wall clock S FaIFAATAT B 56 BT 2 I 1 S BRI IR), /G4 AR 3 R AR 3 B ¥ B F T )
cpu time ZfgFrE P EA CPU RN [a];
MATIFELE LR R AR
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. wall clock < cpu time: &/ FIA £ 1%
o wall clock = cpu time: K IFATHAT
. wall clock > cpu time: LA &

X FIEATIN IR0 R G0 B AR A B IR R CRiRAE R GEHIE 2 RO RAE) -

scvg: 8 KB released
scvg: inuse: 3, idle: 60, sys: 63, released: 57, consumed: 6 (MB)

R PR

i

TR X

8 KB released MIE/E RS VHIE T 8 KB AT

3 e sy 1P A BRI A AR RN (MB)

60 R LU SRR IR 45 A R SR NAE RN (MB)

63 HFIERAE RGP IR N KN (MB)

57 CAHELEERE RS (B YIEAREX ) KINAERN (MB)
6 D2 NIRIE RGP T A2 RN (MB)

jj‘itz : go tool trace

go tool trace  MIFEIREAEKEGETHNKINAE B CL— Ml gAL I 7 st i . BRI T A, arLUEL i trace
API:

package main

func main() {
f,  := os.Create(“trace. out”)
defer f.Close()
trace. Start (f)
defer trace. Stop()

(...)

It

$ go tool trace trace.out

2019/12/30 15:50:33 Parsing trace. ..

2019/12/30 15:50:38 Splitting trace...

2019/12/30 15:50:45 Opening browser. Trace viewer is listening on http://127. 0. 0. 1:51839

4K B T AL S -

A SR 3 R SCRS (www. topgoer.cn) i % - 309 -



wsE Go GC?

C {Y @ 127.0.0.1:51839

View trace (0s-844 269008ms)

View trace (844 26955 Ims-1.826481946s)
View trace (1.8264822425-2 5208822 1s)
View trace (2.52088221s-3.22860561s)
View trace (3.22860561s-3.976239505s)
View trace (3.9762393825-4.753985376s)
View trace (4.7539855245-5.449047986s)
View trace (5.4490481345-5.773377624s)

Goroutine analysis

Network blocking profile (&)
Synchronization blocking profile (&)
Syscall blocking profile (&)
Scheduler latency profile (&)
User-defined tasks

User-defined regions
Minimum mutator utilization

e FEE— MR AT DL R BR

= SRR 1
[Threads: £
—

e ) ] —— - - “ = =] me
Syscals = e HiREIKERS P RABH R T

~ Proc0 o o . atwinermah P Glummemn @ G GOessd) .

A LA RS AT DT B, R T A

o w/s SR LU T BOR i g LK
o a/d AU T AR E)
o I Shift A LLEH 9T

7‘5‘:—&3 H debug. ReadGCStats

177 2GR LU I AR (77 SR BRSO EOGEB FE bR i 2, B3Ry BB — A B 42—k GC AR

func printGCStats() {

t := time. NewTicker (time. Second)
s := debug. GCStats{}
for {

AR I RSO (www. topgoer.cn) - 310 -



wnsE Go GC?

select {
case <-t.C:
debug. ReadGCStats (&s)
fmt. Printf (“gc %d last@v, PauseTotal %v\n”, s.NumGC, s.LastGC, s.PauseTotal)

}

func main() {
go printGCStats ()
(..)

FATRENE B B T A -

$ go run main. go

gc 4954 1ast@2019-12-30 15:19:37.505575 +0100 CET, PauseTotal 29.901171ms
gc 9195 1last@2019-12-30 15:19:38.50565 +0100 CET, PauseTotal 77.579622ms

gc 13502 1ast@2019-12-30 15:19:39.505714 +0100 CET, PauseTotal 128.022307ms

ge 17555 1ast@2019-12-30 15:19:40. 505579 +0100 CET, PauseTotal 182.816528ms
gc 21838 last@2019-12-30 15:19:41. 505595 +0100 CET, PauseTotal 246.618502ms

ﬁﬁ‘l : runtime. ReadMemStats

B 71 debug WARMLRITIVESL, BT DL B EGEITIZATIN A AF AT R H AP BEAT 4%

func printMemStats() {

t := time. NewTicker (time. Second)
s := runtime. MemStats {}
for {

select {

case <-t.C:

runtime. ReadMemStats (&s)
fmt. Printf (“ge %d last@%v, next heap size@%vMB\n”, s.NumGC, time.Unix(int64 (time.Duration (s.LastG
C).Seconds()), 0), s.NextGC/(1<<20))
}

}
func main() {
go printMemStats ()

(...)

$ go run main. go

gc 4887 1ast@2019-12-30 15:44:56 +0100 CET, next heap size@4MB
gc 10049 1ast@2019-12-30 15:44:57 +0100 CET, next heap size@4MB
gc 15231 1ast@2019-12-30 15:44:58 +0100 CET, next heap size@4MB
gc 20378 1ast@2019-12-30 15:44:59 +0100 CET, next_heap size@6MB

288, JEmiR T e IR IR 2, B WL AAT AR debug. GCStats  [2] M
runtime. MemStats [3] 7B, XHEAFTEAR,
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A1 GC, Nftaibe KA NAFEE?

7. 87 GC, AtadaRENTFHTE?

FE—NHEA GC it s b, BATFH U AAFIER, P ERTERURIZ S : UK REAR PRI N A7 B T B £E T RIS
AL BB AR AN OBGEER, S BT REYS 3L BRI A A TR I TR A AS 2 [l

7€ Go h, HIF goroutine MIAEEE, FTBHGM AR T I EKIIN S E2Sh, SEAELHARILA.
FER1: U RER PORRR B P77 BB AR X 3 51 R T 807 8 BRI R A

HH AR RE, ATRASRERE N EEERL L, H2R R I TRG Wi AR A LB 2R . Blin.

var cache = map[interface{} ]interface{} {}

func keepalloc() {

for i :=0; i < 10000; i++ {
make ([]byte, 1<<10)
cache[i] = m

m :

FR2: goroutine it

Goroutine fFy— i i FELRRO SRR, T A HAT I AU BN SUE B RIS T R th 7 2R R AR
PRAFZXRME R, XN TAAE H RTRRAH) Go Hu AR, B, Wk — MR Rrs A bt 30 goroutine. HAS
RO [ goroutine JFE XM WAF, M &IEMATFIERIIELS, Flin:

func keepalloc2() {
for i := 0; i < 100000; i++ {
go func() {
select {}
1O

BiF
SR LU AR L P B

package main

import (
-
os

“runtime/trace”

)

func main() {
f, := os. Create (“trace. out”)
defer f.Close()
trace. Start (f)
defer trace.Stop()
keepalloc ()
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keepalloc2 ()

—

BATRET

g0 run main. go

\

DR AR ?

SEBIEFHAERT  trace.out  3UfF, FATTLMEM  go tool trace trace.out A THE| NE:
frace

[oms [50ms
~ STATS (pid 1)
Goroutines: ‘
Heap: _
Threads:
~ PROCS (pid 0}
GC
Syscalls |
~ Proc 0 m—
~ Proc 1 |r|\ (] (1] l-’| 1000 A
~ Proc 2 \FI- [N 00 A
~ Proc 3 [0 OO ] *I T 1) CATTECTICIN T (RSN T
~ Proc 4 | l—q- l— I
~ Proc 5 I _F-\ll [N | CNERNEER |
~ Proc 6 | F-
~ Proc7 P
Proc 8 |
Proc 9 |

HLAE ],

@ Heap fEHFEE K, BOA WAFRmI, 728 T AR IR .

{432, XRIERH goroutine RIS Tt channel W S5 . 1 channel fE 4% -5 goroutine it 7E

ELEBA .

Channel fE3—HMERDERE, SEZNAAFR goroutine, 1% —4> goroutine

# channel 2043 &, Mi% goroutine Sk ARIFRIE, %4> goroutine S HAAT A A BRI, fildn:

var ch = make (chan struct{})

func keepalloc3() {
i < 100000;

for i :=0;

i++ {

SR AN B BT 902

/) RGBT, goroutine £ —EIfH %
go func() { ch <~ struct{}{} } O
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HRBRCTERRIERIME R A2

HRACTRRIEIAE T A

8. FRIFCFBRIERER R A?

FEEAMPSMRIIF GRS =GR RRT, BUCT DUER S5 (R IR MR A [ e T, P AR AE [l Ui
ERE P IR BB, AT B < AT [ AL P E X o 0 [ R s R 7 A AN TR KA o S R DA — AN i 5 (19 = iple T 1
I8 e A iR R I S AN P S 2

ATA Y525 SR & S 3R AE 157

W ok (5 i
1 igﬁ“ IS R R 14 A AR
, shade(C, IS AT T S BN R
black) BT E N B
C.ref3 =
ik L. IR & 4 ‘*ﬁ
3 I gy B FRIEHT C T
4 gf“= WSS IR T A BT 5
il 52
] shade(A.refl, S — 5 IR 0 B 1 SR N R
gray) XEHTF Arefl N nil
Fl s i
I TR T Y B
I 5% th R 2 6 7 L2 Wb i S e
6 shade(A, %, B A JEG N EA, scan (A)
black) HatAeKA, M B
FE VR R R TP AGE R S e
ST B 5

o WHERE: BEHEABOXMR CHIAEAKONR A, 1 A 51T AGK R B;
C.ref3 = C.ref2.refl . BEMRIFRIIGREAIR C HHIA (ref3) TGS B;
o Arefl =nil . BERKEXNE AXALYS B M5IH (ref2) ;
o RECRE: EASFHMER T, AR B KEASEIRICARONR T (ERESAS B R AR , R
B i i b E] AL
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ref1_ ref‘l_

A B A B A B
ref2 i ref2 i irefs ref2 i i ref3
AR C.ref3 = C.ref2.ref1 Acref1 = nil scan(A)

BT E s FF ARSI R v I I K — AN AR A I A A2 T GRAIE A e 55 7 BRI AR ) IE A 2



ok ERE. BEaERE, nfs?

ARSI, BES 5, W sei?

9. HARERE. BESHRE, WALH?

FYNERS R, T SR = AR L RS R L R E S, B e i S B . S hE R
—ANEI R IR A 2 B, B R I R R IUAE . AR HBINRER, BANERNERERREE
IR B

FTRAUER, 2 BUR P26 [ 5 2 PR S BN 57 35 (el AT F) IR Af -

o FMF L REBREIHRE, PR -BOANSEIHAETR,
o SR 20 PIREXT R, BlA AT RI . RV KR SR

RERENS R LR — N6, WA S MBI R BRI, KOA:

o HUHURAE 1 oG, NPT A O RIPOROXTREI, BOA AR St
o WURZRAF 2 Bl b, HIE A OO RIS A BB ON R, BEMKO RN, BAEE—RRA VI R AR, AT
FRBVBIE A O RIS, A O REE A SEEN.

PATAGG R = AR P SR T AR A P A 2% AT 11 59«

o MR I = O E X (BRI A AN LD (SR v =EAZEM: (strong tricolor
invariant)
o HIR(EA A BaX LB H AN RN GHEE&ME 1D WFNRABE=BARZEE (weak tricolor invariant)

TG AE 25— D R K () RBTE (O RGBT G5 5% 2 1), BITREES = AR T,
WA 1 IR I IR Rf P B U, ERRIR 5 98 = GO AV VI A 20 5| NS Al B 51«
§§ =R RIRI A TE T REFFERU MRS EEA BN RNER, RTUERENRBHEENER.

WERIRATEIE I A A ACRY, I AR AN o v RIS P B AL % L2 S T A E 2 AN ERIRAS RRE 2% . 9 1T
TNCATI A, IR AR, SRRSO R, AT S R [ 31X — % SR AT CEIEEIE GC RIYIRIIC
T s AT B N TR &% I -

o ROIRMER: CAmBYEEREMT, Ao BUON T,
o REMUER: MOARBRMCE R, SO AR A R

WL 4% PO €20 0 [ S ] S0P 5 7™ 2R 5 -

o BARIEH I A MW A FoVE AR CuIRELAS FOAT A5, DA 20 [ AT 495 AR BT 1 ) B
o WUREMTFRERE TR VAR EE A O R, RIS R R LN R AT IR RS, (R AERRARRR AR,
AR AT REAE AR SR BT AR R ST, IR, BB R R A R A BB B R .

T, RS AR CIME SAFE RS, BORROTE LT, s AR A U 3R AR AR 45 1k R o OHLEROG A s B, it
AT STW,

N T HRERSRSS = AR R IR R IR BT SRR, 75 S IR 85 B PR B SRIE SR T OB S 3 — B BRI IRAIIT R Y GoEIj
MG B JRA S B, HYCRIRIME S S bR, RS DEREAE N — R R DAL, RS AT IR B SRR
“CHEAN A, R AN SRS = AR

B FFAEH G BN S hRfE . Dijkstra A BEFREAT Yuasa MHIERB#E .
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HETRAE Z5H) Dijkstra 3 N\ B 2 A< AR 88 Gl 2 261 1

/ KRCIREAS Dijkstra FHN GRS

func DijkstraWritePointer (slot *unsafe.Pointer, ptr unsafe.Pointer) {
shade (ptr)
*slot = ptr

NTPIERE R A GG, RiZs  #slot  AIRERANEE, ATHR  ptr ASERIRMER] *slot
RN, shade (ptr)  2JeHdEEF  ptr bRy, WS TN 1. WEPTR:

-
rof2 Yefa ref2 ref3 ref3
L] Dilkstra SRM: ESAM, WHtAEERNNRATES

Dij itePointer(Areft, i) DilkstraWritePointer(C.ref2, ni)

.ref3, C.ref2.ref)

ref1 ref1 LEES A ETF—1 GC MBPHT
BEARBEE, ENET—MERERT—ERBEKR
HuiREE ref2 ref2
c

MRS Scan(C) San(A) scan(B)
Dijkstra i N BF B LF A TE T 0T LASZZIIF 46 R bR i AHAFFE AN A

1. 1T Dijkstra flABEFRK PR, AL — UG R AT BE 25 B — A0 70 X A o, AT — o R &
Bl

2. fEARICKT B, RROGEAT IR BT E RN, #0T5 SO NS IR, IXTEhE WK ENERETTAE; T i s sEm i, Go
HIBNTE B 28 LU, B AT B BB 5184, BTSN, 2 2R AR E R SRR, Rebmic vk th, (b2
FEAE T IRGIRAE S, T AR IC A LN B STW I3 IX S M BEAT BT 4 o

AR LR 4 S 5 B B AR A Yuasa MHIRR Gk . HLHE A AR 8 0 i /2 261 2:
/) BENER Yuasa FERE
func YuasaWritePointer(slot *unsafe.Pointer, ptr unsafe.Pointer) {
shade (*slot)
*slot = ptr
1

AT Pk ZRAKES GBI A ORI, Rizfiik  sslot  ATRERARRE, ATHME  ptr  AERIREE
kslot  HIAZ N A, shade (¢slot) 248 *slot  FRICAKE, #HMZEEESREIE T —FROB)KE
FROFN A O RIOERAE, SR 7% 2.

Yuasa M) R K 9 AR A 7 EEAR A SR B (K SR 1 405 SRR (0 B 0 YA (1) el AT i A7 35 22 [mD A ) 1 €30 B ikt
Yuasa MiFRpE A B S A, B S BRI IIR S, AU R

[a =] [a =]
ref3
WS Yussa BEE: EEAN, HEHFENRETES [c]
YuasaWritePointer(C.ref2, i) YuasaWritePointer(Aref3, B) BES C REETI, BRTTR
_______________________________________________________________________ >
reft El reft ref, i1, I
ref2 refd ref3
iR c c
MRS scan(C) scan(C) scan(B)

Go 7 1.8 My T fiitk GC Mdife, Rk bric 2B BE B AR, ¥ Dijkstra #fi NBEREA Yuasa MR 57 Bk 7 IR
&, TERE S BRI A AR . S IEERE RN R TE A, BNRLMRRT#E R, WA
HITER.
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EFE R SEDUN JFAR 41Xt ptr RIEGEFSMLE R PITHRIE G, El TR aR, JEREBSIE, iR
5 b REAE H AT RSy AR -

/) E T hERE

func HybridWritePointerSimple(slot *unsafe.Pointer, ptr unsafe.Pointer) {
shade (*slot)
shade (ptr)
*slot = ptr

TEIXA S, WA 5l XU #4756 (4, 58454 T Dijkstra Al Yuasa S hREM0Lss, HEiksBAmmE, FovE
AR R, T HL AR 168 75 ZEE A ARRD A 1 I, B2 75 SR ) 285 TR 2 1 S 1 ) SO RN — 2538 v T
B 5 B GEHEAT 04, Go 1.10 BiJ5, Go FIPARH/GSLBl T HtE S LA . HILAAZ L 75 85 B g — 5 A —
NELF, BUNELFERG—WNEEPOTE  ptr IREHEHMTE G,
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Go TEE GC MRttt 4?

Go 5= GC HymAERAT 47

10. Go ESY GC KRERH4A?

HHTARAK Go L STW JNZHR, W BLKE GC Rl AP BL:

BB Wi B
HEHAZ IR EL,
SweepTermination R AW B IR R AR A A,
Ja 35 Bt F
Mark PHC B, SWEZRFRIAT, ShETE

o PRt b B, ARAE— N B A R ie A 55 SE R
MarkTermination

15 115 B it
WAFTHTIBT BG4 5 ZE I P A7 VT 23 A
GCoff s v
5 I % 4]
G WAEITERT B, il 2 A AR 45 1A R 48
off o v
5 I R A
FUATIRE, S AB B R BB 5
Go1.14
_GCoff
L
_GCmark gcBgMarkPrepare
gcMarkRootPrepare
gcMarkTinyAllocs
gcBgMarkWorker
gcMarkDone
v
_GCmarktermination gcMarkTermination
\J
_GCoff
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fil ke GC BN HLZAT4 2

fil % GC ML A2

11. fiikX GC WIRHLEMA?

Go TN GC [fil & B HLAAE P R 2
1. X3k, B runtime.GC Skflk GC, kil P 2e 0 2565 48T GC 124758 .
2. WiEhR, o NpiR s
o ARG, ML BB BE AT GC I, Hilfil R GC.
o MM (Pacing) 5k, FAZ.O AR I P A2 K Lol
@ik GO0GC  Bi#E  debug. SetGCPercent  HEATHEM (M 14 M2 F— M EE, BPHERIEK R $\rho$) . BANEEL
HIBETT 5 R R A I . Wi B — Ik GC se ki, WAEEE N $H_m$ (heap marked) , fhiit 75 Efihk GC ik
/N $H_T$ C(heap trigger) , {355 GC WHER HARME K/ $H_g$ (heap goal) 55ubr5e il i HE K/ $H_a$

(heap actual) fvE:L, Bl: $\min |H_g - H_a| = \min|(1+\rho)H_m - H_a|$.

AR GC LREFETEREAN H,

|
ZARCA DI Gill:ppal GC fAlEay 7 Eoa
T 1 Y
BIR GC SEAEI AR H MEFR GC WA Hy IR GC BRI BIRAN H

Wbz oh, RERE HEH R CPU IR, ARIRA A NAZ LS R A 5 F L 2 1 CPU,  BRASREZ AL R 61 5134
ITHIF goroutine [AFEMANATARICIRE. HAERKIL T, AR RIS EMNE, GC ) CPU fE IR ANIZEL 25%, U
MR R $u_g$ A E bR CPU % (goal utilization) , ifi $u_a$Askr CPU ffi1% (actual
utilization) , M $\minju_g - u_a|$.

SRR WAL e R P B AR 2 A R A I AN TE SR AR, A GB35 7] LS E AN SR : Go 1.5
concurrent garbage collector pacing[5] ! Separate soft and hard heap size goal[6].

L $H_T$ MUEALEE O\ Go 1.10 BHFFES $h_t$ #i1 7 L5 $0.95 \rho$, M Go 1.14 FF4H $h_t$ #in 7 F 5 0.6)

E:

o BB n KA GCIF (n > 1), fEiHSRIMHECRDy sh_t~{(n)}$. BT R sk K50y sh_a~{(n)}$, M
FEE B E N $\rho = \text{GOGC}/100% ( $\rho > 0$) MI% $n+1$ WKitifilk GC I, it A KR N:

(1) (n) g g @ m @
h, =h, +05|———h —— (ha — B, )]ht(n+l)=ht(n)
H, Ug

+0.5[Ha(n)Hg(n)—Ha(n)—ht(n)—ug(n)ua(n)(ha(n)—ht(n))]

o R, $h_t~{(1)} =7/8%, $u_a~{(1)} =0.25%, $u_g~{(1)} = 0.3%. H—wflk GC I, WA YHTHIHE]
T $4\rho$ MB, NI5EHIHES] $4\rho$ MB ik GC
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fi% GC HImIHLRAT 4 2

o NI, M $h_t~{(n)}<0.6$i, FILEDN $0.6$, 1 $h_t~{(n)} > 0.95 \rho$ i, FILiEN $0.95 \rho$

o BRMELLR, $\rho = 1$ (Bl GOGC = 100) , 55—XfilAk GC I sl B & A 55—k GC Jy 4MB, " LUS5 U1 R frilk

ATYRAIE -

package main

import (
—

0s

“runtime”

“runtime/trace”

”sync/atomic”

var stop uint64

/) XSG P RIRECRE, RHE GC 2 B4k
func gefinished() *int {
p =1
runtime. SetFinalizer (&p, func( *int) {
println(“gc finished”)
atomic. StoreUint64 (&stop, 1) // #1117
b

return &p

func allocate() {
/ FERH B 0. 25MB
~ = make([]byte, int((1<<20)*0. 25))

func main() {
f,  := os.Create(“trace. out”)
defer f.Close()
trace. Start (f)
defer trace. Stop ()

gcfinished ()

/) HIERE GC RIS

for n := 1; atomic.LoadUint64 (&stop) != 1; n++ {
println(“#allocate: ”, n)
allocate ()

}

println(“terminate”)

FRATHe RS E Fo o FL (1 — A S L, RIER — WKl GC I FRI3E R /D

$ go build —o main

$ GODEBUG=gctrace=1 ./main

#allocate: 1

..)

#allocate: 20

gc finished

gc 1 @0.001s 3%: 0.016+0.23+0.019 ms clock, 0.20+0.11/0.060/0.13+0.22 ms cpu, 4->5->1 MB, 5 MB goal, 12 P
scvg: 8 KB released
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scvg: inuse: 1, idle: 62, sys: 63, released: 58, consumed: 5 (MB)
terminate

AT R A T AR B
gc 1 @0.001s 3%: 0.016+0.23+0.019 ms clock, 0.20+0.11/0.060/0.13+0.22 ms cpu, 4->5->1 MB, 5 MB goal, 12 P

1. BRFPAESEREE —IR GC JEELZ& Il TR, FFaIRATINEA
2. 5k GC JTHAI HIHER /NNy 4AMB, £5 & JATHIBAR
3. Hbric&abny, HER/NVA BMB, WRIHRHITIEH, X REHAT RIS 20 1k, B 20%0.25 = 5MB, & 3RATI A

PATH e Rk B B 2 50 K

for n := 1; n < 50; n++ {
println(“#allocate: 7, n)
allocate ()

RIS S W GC fil R i 2 i 2 AR SR RE Y GODEBUG i#t—H % & gcpacertrace=1 ) :

$ go build —o main
§ GODEBUG=gctrace=1, gcpacertrace=1 ./main
#allocate: 1

G..)

pacer: H m prev=2236962 h_ t=+8. 750000e-001 H T=4194304 h_a=+2. 387451e+000 H a=7577600 h_g=+1.442627e+000 H_g=
5464064 u_a=+2. 652227001 u_g=+3. 000000e—-001 W_a=152832 goal A=+5.676271e-001 actual A=+1.512451e+000 u_a/u_
g=18. 840755e-001

#Hallocate: 28

gc 1 @0.001s 5%: 0.032+0. 32+0. 055 ms clock, 0.38+0.068/0.053/0.11+0.67 ms cpu, 4->7->3 MB, 5 MB goal, 12 P

..)

#allocate: 37

pacer: H_m prev=3307736 h_t=+6.000000e-001 H_T=5292377 h_a=+7.949171e-001 H_a=5937112 h_g=+1. 000000e+000 H_g=
6615472 u_a=+2.658428e-001 u_g=+3. 000000e-001 W_a=154240 goal A=+4.000000e-001 actual A=+1.949171e-001 u_a/u
g=18. 861428e-001

#allocate: 38

gc 2 @0.002s 9%: 0.017+0.26+0. 16 ms clock, 0.20+0.079/0.058/0.12+1.9 ms cpu, 5-»>5->0 MB, 6 MB goal, 12 P

FRATTAT LALG 2 Kl -

o HERAETHEHBIMES KRN $h_t~{(1)} = 0.875%
o - RIIZAT AR SBREN K%R $h_a”~{(1)} = 0.2387451%
o SHIRSEZPRAIHER /NN $H_a”{(1)}=7577600%

o BRHARHER N $H_g” {(1)}=5464064%

o HE—IRIM CPU SEBREAZN $u_a~{(1)} = 0.2652227%

o B CPU HARMEM %A $u_g~{(1)} = 0.3%

AR T B8 Ul o M

X4 $0.52534543909 < 0.6\rho = 0.6$, Rt —XHIMAFE N $h_t~{2} = 0.6%, SIATELEFWHERIHE X GC /K
filt)x % 0.6 W& .
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ISR A AF o BC I I 1 AR TR BRI B S A 70

12. RN BCEEEN T AR CER R B AT?

HAlH Go seBirh, 2 GC ik Ja, S AIFAFMCHI B I Rbmd 2 BE—Mar&, JFE mallocge 1 R HEAT K
B YR NESTCH, S8 F I FL R LE goroutine, I IEE LPUT— 14 Bitsid (Mark Assist) 1Tk,
MR BRI 4B GC AR TAER H 1.

G Eas AR, FERE BRI E, KRS NAERERIERIE N mallocge YA, WM mallocge  HISE
BLOSE TR CA B SEal,  H AW AR BRI T

func mallocge(t typ. Type, size uint64) {
if enableMarkAssist {
/TR IEHE),  dE A A 1 2R AT

G..)
t
/) AT B
¢..)
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GC RIEMITRbr A IR ?

13. GC RERTER A Hhk?

Go (1) GC BBt ALl a . KAt LA SRERIE AR AR TOAFREN Ha B3l m#lE R GRS HiER A F. it
FEIIEM . RS U E S A PR RE T bR AT -

o CPU FIHIZ: WSS fE 2 RRE L EAEAR R 72 AN, SR IER M b I CPU I a) 5 e CPU I AV 11 23 Elok
Eiipa it

o GC s [A): s it 2 K ] =52 H AT GC Hhifi 255 1 STW Al Mark Assist F-1~#43 1] eI i (¥ 45 1.

o GC WU &R BURA R B ? HATH GC i 258 STW Al Mark Assist P> ili73 1] REiE R 15
.

o GC W Jreth: HENAFAR RS, Brdl sl as vk R AT 2 (R JGHE 43 (AR PP T A AN — € S0 A il

ARS8 s R SCRS (www. topgoer.cn) # - 324 -
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Go 1) GC anfa il ?

14. Go i GC tfaiEfk?

Go 1) GC Btk MM, SEOVEN Java GC DA E S50 LL, B SCERYE, Go A MBI 28 A
1 GOGC M. LA GC LRy, HEH & H P AUDxE GC P AR sy, IX—J5 S 1 b H - AR 2 i iy
FIECE (B R AR AT AT IR0 S —Tr & 1 ieME Go 19 GC X CPU I (HIH%E GOGO)

GC I RTERES 5 RPN, JFEITA R EHE EE0 GC HEAT M. R LR AT I8 IR U
2 GC M AR T PRSI RR T, A F AR GC T HEREIMR, LT AELE T b K 99% IM1E i
Fribz 4, Go i) GC MsRA — €M Gk W, AT GC G, HifyiET Open Problem.

R, AT LAAE B f T A A B A LU LR 5L -

L XHPUEUS: GC AP MK, ol T AT GC MBI P R, A 32 RO T PP FRRAT
i

2. RGERIRERUR: A THUE A AT ORI S, SRR EIN GC I TR, FRAET LA I CPU 1A A A
ST ORI, ORI PRI CPU IR, T AW P ARSI R

MIZH IR, ITiE GC IR ARG B AR 2 8 2 I 58 LI R P sk et IRAL N PRI H R RE, RATREK) D B N A7
SNCHIEHNAF. REFRFRY, AR =AW, ZA.

PA TR = A SLPrf 7 A e i GC IAFAER R, JF— 2D DT YRR R . 98, 7ESCBRff Ol in B b L5 47 1
B, X HAR GRS IR 0 A, BT I R R AR ) LA S AT

Bl FEAARSRIEE. RERESRK CPU FIAE

ARG LR — A7 EEXAFH, concat  FRELG THHE LK EARHE AT B . IR HON T PSR RAT S, T
FRED, AW AMRER for MM — DS E8)% T 800 4 goroutine. 7 main ¥, K5 T —4 goroutine JF{ERE 4G
AW R GC, Freti i GC 1 P B AT I A«

package main

import (
et
-
os
“runtime”
“runtime/trace”
”sync/atomic”
“time”

var (
stop int32
count int64
sum  time.Duration

)

func concat() {
for n := 0; n < 100; nt+ {
for i :=0; i < 8; i++ {
go func() {
s := “Go GC”
s = v + ”Hell()”
s += "7 7 + "World”

_ =5
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0]

func main() {
f,  := os.Create (“trace. out”)
defer f.Close()
trace. Start (f)
defer trace.Stop()

go func() {
var t time. Time
for atomic. LoadInt32 (&stop) == 0 {
t = time. Now()
runtime. GC ()
sum += time. Since (t)
count++
}
fmt. Printf ("GC spend avg: %v\n”, time.Duration(int64 (sum)/count))

0]

concat ()
atomic. StoreInt32 (&stop, 1)

AR A IAT 45 R«

$ go build —o main
$ . /main
GC spend avg: 2.583421ms

GC ~FEPAT— IR T EATE 2ms [EFE], AT — P trace M4
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trace

~ STATS (pid 1)

[500us lows [s00us 10008 [15000s [2000us [es00ps

Goroutines:
Heap:
Threads:

~ PROCS (pid 0)

— [

P WSS Ve

Syscalls
~ Proc0

~ Proc 1
~ Proc2
~ Proc3
~ Proc 4
~ Proc 5
~ Proc 6
~ Proc7
~ Proc 8
~ Proc9
~ Proc 10

~ Proc 11

|

| |1

I Enmny e
IMEm | (1 IWI\II

[ | H | I

= e

= | IHI\,I i
L LIl

STW (swaop tormination)

1item selected.

Sice (1)

Title

User Friendly
Category
Start

Wall Duration

FEF A PAT IR AT T — R GC, i HAL Sweep STW #i#e?: T 1 ms, JE% & . EEAFRER mutator 1)
CPU FIHZ, EEA trace RIZTiE 40% #AF]:

0.8

0.6

0.4

Minimum mutator utilization

0.2

0.0

View
©System @

(" Per-goroutine @

Include
STW@
Background workers @

@ Mark assist @
1Sweep @

Display

[1Show percentiles @

_

2.652233ms
B Minimum mutator utilization: 0.389

ims

Window duration

FEFFREAH AW ? AR W EFE goroutine 117017
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Goroutine Name: main.concat.funcl
Number of Goroutines: 764
Execution Time: 48.94% of total program execution time

Network Wait Time:  graph(download),
Sync Block Time: graph(download)
Blocking Syscall Time: graph(download)
Scheduler Wait Time: graph(download)

oroutine “Toal Exccation Syn block Blocking syscal Schealer wait GC sweeping —_GC pause
394{1966y s I 8149ns| Ons Ons Ons| 1632us Ons (0.0%)| 1801us (91.6%)
395 1965#5\_\ 290pus Ons Ons Ons| 1674us Ons (0.0%)| 1800pus (91.6%)
396 19641&5\_\ 1lus Ons 235us Ons| 1717us Ons (0.0%)| 1799us (91.6%)
397| 1963_1:5‘_ 47us Ons Ons Ons| 1916ps(7753ns (0.4%)| 1798us (91.6%)
426 1903_115‘_ 4963ns Ons Ons Ons| 1888us Ons (0.0%)| 1738us (91.3%)
390 19021;5\_ 9359ns Ons Ons Ons| 1893us Ons (0.0%)| 1804us (94.9%)
432 189'?_145\_ 6247ns Ons 26555 Ons| 1625us Ons (0.0%)| 1732us (91.3%)
433 1894_1:5‘_ 3284ns Ons Ons Ons| 1809us Ons (0.0%)| 1729us (91.3%)
434 1893;:5‘_ 7234ns Ons 248us Ons| 1637us Ons (0.0%)| 1728us (91.3%)
435| 1892_1;5\_ 3062ns Ons| Ons| Ons 1822us Ons (0.0%)| 1727us (91.3%)
430 1890_145\_ 5827ns Ons Ons Ons| 1554us Ons (0.0%)| 1734us (91.8%)
389 1879_115‘_ 112us Ons Ons Ons| 1767us Ons (0.0%)| 1805us (96.1%)
436| 1878}:5‘_ 4Tus Ons 193us Ons| 1637us Ons (0.0%)| 1713pus (91.2%)
431) 1842_1;5\_ 23Tus Ons| Ons| Ons 1605us Ons (0.0%)| 1733us (94.1%)
459| 1833_115‘_ 41lus Ons 231ps Ons| 1557us Ons (0.0%)| 1668us (91.0%)
425 ISll_us‘_ 4lus Ons Ons Ons| 1770us Ons (0.0%)| 1738us (96.0%)
437| 17')‘6_1;5\_ 2766ns Ons Ons Ons| 1773us Ons (0.0%)| 1712us (96.4%)
@1776}&5\_ 296ns| Ons| Ons| Ons 1776us Ons (0.0%)| 1711us (96.3%)
439| 1776_115‘_ 296ns| Ons Ons Ons| 1775us Ons (0.0%)| 1710pus (96.3%)
440 1775_115‘_ 247ns| Ons Ons Ons| 1775us Ons (0.0%)| 1709us (96.3%)
441 17?5_1;5\_ 272ns| Ons Ons Ons| 1775us Ons (0.0%)| 1708us (96.2%)
442 17?5_1;5\_ 271ns| Ons| Ons| Ons 1774us Ons (0.0%)| 1707us (96.2%)
443 1774_115‘_ 271ns| Ons Ons Ons| 1774ps Ons (0.0%)| 1706pus (96.2%)
44| 17?4_115‘_ 247ns| Ons Ons Ons| 1773ps Ons (0.0%)| 1705us (96.2%)
445 1768_1;5\_ 296ns| Ons Ons Ons| 1768us Ons (0.0%)| 1700us (96.1%)
46117684l 796n4 Nngl Nng Ning| 1768usl e 0 083 1608« (06 16

TEIXABE AR IRATAME R I, goroutine [IHAT I 1] (7 24 A= iy o e B (B R34 A0 10— 38 43, H K 40 HF () 054 20 70 1 J3E 2 1) 45
R BT CEERIE , SR A8 KE goroutine X 88 7= A I SN, BATA GG — = Al ek, —dtt—
fitib iz goroutine:

func concat() {
wg := sync. WaitGroup {}
for n := 0; n < 100; n++ {

wg. Add (8)
for i :=0; i <8; i++ {
go func() {
s := “Go GC”

=7 7 & ”Hel]o”
S 4= 7 7 & “ewlal”

=5
wg. Done ()
1O
}
wg. Wait ()
}
}
X ERATFRE

$ go build —o main
$ . /main
GC spend avg: 328. 54Hs

GC [P TF) e 2] 300 s 1o XIS A E S CPU [ 283 T 60%, AHRSRULAR AT T
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View
©System @
1.0 - .
Per-goroutine @
Include
STW @
0.8 Background workers @
Mark assist @
5 1 Sweep
:.-E 0.6 ® Display
5 @ 7.266104ms [1Show percentiles @
S = Minimum mutator utilization: 0.639
e
g
E o4
£
£
=
0.2
0.0
1ps 10us 100ps 1ms

Window duration

28R, XA EFURE AL, FlnERA 1S L E R £ goroutine [AINAT 52 B4 44047 41 goroutine. ifij Al
PLY—A~ goroutine $AT5EERS, B 3h—MHi goroutine, B2 goroutine WAl .
A P v LAY XA BB AR AN PR E 285 CPU O I 26

Bl2: BEIFRZACLEFERAR

PATERL —NEF R R Web BRI E N AAFREZ . AT, F2574E -4 /example2
TR, #R QU —BIALE, R T AT — 28 a 8 T A

package main

import (

7 fmt”

“net/http”

~ "net/http/pprof”
)

func newBuf () [Jbyte {
return make ([]byte, 10<<20)

}
func main() {
go func() {
http. ListenAndServe (“localhost:6060”, nil)
1X0)

http. HandleFunc (“/example2”, func(w http. ResponseWriter, r *http.Request) {
b := newBuf ()

/) BRIAT L T

for idx := range b {
blidx] = 1

}

fmt. Fprintf (w, “done, %v”, r.URL.Path[1:])

b
http. ListenAndServe (“:8080”, nil)

N T RATYERE ST, FRATEAISMIE T — AN KT 6060 i 1) goroutine, HI T pprof #7447
FRATIe UL R 55 s MR -
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$ go build —o main
$ . /main

PATX A pprof [ trace SkREG GC TER S &% H D0 K ERIHERPIRE, ZAEH trace o) LUERE Vi)

/debug/pprof/trace

ket AT,

seconds

SHE N 20s, ¥ trace KL RIRAEN

$ wget http://127.0.0. 1:6060/debug/pprof/trace\?seconds\=20 -0 trace. out
http://127.0. 0. 1:6060/debug/pprof/trace?seconds=20

-=2020-01-01 22:13:34—-
Connecting to 127.0.0. 1:6060.. .

connected.

HTTP request sent, awaiting response.. .

K EHAE N —NEMTH ab
—3£ 500 MEK, =€

( =i

$ ab —n 500 —c 100 http://127. 0. 0. 1:8080/example2

s SRIFIR A 500 MR
— R ZFATIROEE, AKX 100 DIFAIER) -

This is ApacheBench, Version 2.3 <$Revision: 1843412 $>
Copyright 1996 Adam Twiss, Zeus Technology Ltd, http://www. zeustech. net/

Licensed to The Apache Software Foundation, http://www. apache. org/

Benchmarking 127.0.0.1 (be patient)

Completed 100 requests
Completed 200 requests
Completed 300 requests
Completed 400 requests
Completed 500 requests
Finished 500 requests

Server Software:
Server Hostname:
Server Port:

Document Path:
Document Length:

Concurrency Level:
Time taken for tests:
Complete requests:
Failed requests:
Total transferred:
HTML transferred:
Requests per second:
Time per request:
Time per request:
Transfer rate:

Connection Times (ms)

127.0.0.1
8080

/example2
14 bytes

100

0. 987 seconds

500

0

65500 bytes

7000 bytes

506. 63 [#/sec] (mean)
197.382 [ms] (mean)

1.974 [ms] (mean, across all concurrent requests)

64. 81 [Kbytes/sec] received

min mean[+/-sd] median  max

Connect: 0 1
Processing: 13 179
Waiting: 10 168
Total: 14 180

1.1 0 7
77.5 170 456
78.8 162 455
77.3 171 458

Percentage of the requests served within a certain time (ms)

50% 171
66% 203
75% 222
80% 239
90% 281
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95% 335
98% 365
99% 400

100% 458 (longest request)

rouines: [ e o 8 Bln - e 8 em oon. e O ... 0 | e e
- , HiS it
L (e ————rad] |, il
- P e €1 SEORDE P SR ) £ =
i L e P P e o I T e e ”\‘“‘\‘ wsznk %
i P T T ) e e | e | e e |
g ] banlalnymm ullagstoma ine buysmlmsm y1m memmm sl 11 mmmny et o
i~ ' PR g ) e e 1) T P e e 1 | EE :
i~ e I T T e e e
- || e | 8 e e ] e e e,
o | P RSP Rt e e e
- | g Y [ T | s e e |
™ T [ R ] P L ——— |
i~ | | Y P —— | [ — | o g
e | e e et
i SR ] [ — - il

GC REM AR, — A1 o W R H R WAE B 2. BATTRAEE  go tool pprof  KEFEFLTTRUESE 1 KRN
17 (] web 54 A AT SE 2T T S it 5 B T AL )

$ go tool pprof http://127.0.0.1:6060/debug/pprof/heap

Fetching profile over HTTP from http://localhost:6060/debug/pprof/heap

Saved profile in /Users/changkun/pprof/pprof.alloc_objects. alloc_space. inuse o
bjects. inuse space. 003. pb. gz

Type: inuse space

Time: Jan 1, 2020 at 11:15pm (CET)

Entering interactive mode (type “help” for commands, “o” for options)

(pprof) web

(pprof)
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Type: inuse_space

Time: Jan 1, 2020 at 11:15pm (CET)

Showing nodes accounting for 180MB, 99.45% of 181MB total
Dropped 8 nodes (cum <= 0.91MB)

hitp
(*conn)

serve
0 of 180.50MB (99.72%)

180MB

I
serverHandler

ServeHTTP
0 of 1B0MB (99 45%)

180MB

hi
(*ServeMux)

ServeHTTP
0 of 180MB (99 45%)

180MB

0 of 180MB (99 45%)

180MB

miin
main

func?
0 of 1B0MB (99 45%)

180MB

main
newBuf

180MB (99.45%)

AL newBuf  PAEMEIEMINAAEZ, IAEIRAIMEH sync.Pool kEM  newBuf

package main

import (
“fmt”
“net/http”
~ “net/http/pprof”
”sync”
)

&/ sync. Pool R 7ZH] buf
var bufPool = sync. Pool {
New: func() interface{} {
return make ([Jbyte, 10<<20)
}

A SR8 I RSO (www. topgoer.cn) ) 4#- 332 -
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func main() {
go func() {

http. ListenAndServe (“localhost:6060”, nil)

10)

http. HandleFunc (“/example2”, func(w http. ResponseWriter, r *http.Request)

b := bufPool.Get (). ([Ibyte)
for idx := range b {

b[idx] = 0
}

fmt. Fprintf (w, “done, %v”, r.URL.Path[1:])

bufPool. Put (b)
13

http. ListenAndServe (“:8080”, nil)

Hrbr ab fi i MG AR -

$ ab —n 500 —c 100 http://127. 0. 0. 1:8080/example2
This is ApacheBench, Version 2.3 <$Revision: 1843412 $>
Copyright 1996 Adam Twiss, Zeus Technology Ltd, http:/
Licensed to The Apache Software Foundation, http:

Benchmarking 127.0.0.1 (be patient)

Completed 100 requests
Completed 200 requests
Completed 300 requests
Completed 400 requests
Completed 500 requests
Finished 500 requests

Server Software:
Server Hostname:
Server Port:

Document Path:
Document Length:

Concurrency Level:
Time taken for tests:
Complete requests:
Failed requests:
Total transferred:
HTML transferred:
Requests per second:
Time per request:
Time per request:
Transfer rate:

Connection Times (ms)

127.0.0.1
8080

/example2
14 bytes

100

0. 427 seconds

500

0

65500 bytes

7000 bytes

1171. 32 [#/sec] (mean)
85.374 [ms] (mean)

0.854 [ms] (mean, across all concurrent requests)
149. 85 [Kbytes/sec] received

min mean[+/-sd] median max

Connect: 0 1
Processing: 5 75
Waiting: 5 172
Total: 5 17

Percentage of the requests served within a certain time (ms)

50% 67
66% 89
5% 107
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1.4 1 9
48.2 66 211
46. 8 63 207
48.2 67 211

ww. zeustech. net/
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80% 122
90% 148
95% 167
98% 196
99% 204

100% 211 (longest request)

LEEVN Requests per second — FFFMIERECKA, MIEKH 506.63 &4 1171.32 43| TIE-F— 7. M trace 4
RHKFE, GC A ME R B Al K HHFE CPU Al %6

sz
.

s

e

R e !
o AILEE GC RIEAR AR LRI T LR
Vo s - e e
o . B MERN R RRERION A 7

ARG E RS T — M RER

sync.Pool & NAF I — M 8 ZE 1P, RS 2 R G IR 2R 5, flnde] 14, concat  ERHEALATH
e — R KA, )5 FHE append 75 20K 45 B3 77 i B2 A7

func concat() {
wg := sync. WaitGroup {}
for n := 0; n < 100; nt+ {
wg. Add (8)
for i :=0; i < 8; i++ {
go func() {
:= make ([Jbyte, 0, 20)
= append(s, “Go GC”...)

s
s
s = append(s, = )
s = append(s, “Hello”...)
s = append(s, = ")
s = append(s, “World”...)
= string(s)
wg. Done ()
JX0)
}
wg. Wait ()

JRRET - EEATRBEE AT E KRR T R S 2 (AT, TR A AEOR I AR AL E A LB I N AR, 3R
RKEABERNAFTE, SeiRiT 0 R RN A7, TSI, 2P AR L. B WA —FREL.

#13: A% GOGC

PATCZEE T GC R A SR A R SEAHE R, FOORBEAE T TR IR iR GC I, MERIR . WHARI, 2k
TATAE B BRI, Dy 7t GC A%k, 2 rLhdd GOGC MEREAER, ik GC il m a4 13 8, A
b F b B A, iy AR X AL A (R 2 et i e

FRATHT LA SR 5 8% GOGC 1%y 1000, SKHAT E— ANl sh R G D R T AOFL)F -

$ GOGC=1000 . /main
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TR BA IR BT e«

$ ab —n 500 —c 100 http://127. 0. 0. 1:8080/example2
This is ApacheBench, Version 2.3 <$Revision: 1843412 $>
Copyright 1996 Adam Twiss, Zeus Technology Ltd, http
Licensed to The Apache Software Foundation, http: //

Benchmarking 127.0.0.1 (be patient)

Completed 100 requests
Completed 200 requests
Completed 300 requests
Completed 400 requests
Completed 500 requests

Finished 500 requests

Server Software:
Server Hostname:
Server Port:

Document Path:

Document Length:

Concurrency Level:

Time taken for tests:

Complete requests:
Failed requests:

Total transferred:
HTML transferred:

Requests per second:

Time per request:
Time per request:
Transfer rate:

Connection Times (ms)

min
Connect: 0
Processing: 9
Waiting: 5
Total: 9

Percentage of the requests served within a certain time (ms)

50% 68
66% 133
5% 198
80% 292
90% 566
95% 696
98% 723
99% 743

127.0.0.1
8080

/example2
14 bytes

100

0. 923 seconds

500

0

65500 bytes

7000 bytes

541.61 [#/sec] (mean)
184.636 [ms] (mean)

WWW. apa che. or 'g,,/

‘www. zeustech. net/

1.846 [ms] (mean, across all concurrent requests)

69. 29 [Kbytes/sec] received

mean[+/-sd] median  max

1

1.8 0 20

171 210. 4 66 859
158 199. 6 62 813
173 210.6 68 860

100% 860 (longest request)

WLVER], MRS RS T e m LR

It H GC BT AR B 2 B 1K
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= sooms L asems . a0, . 0. R L. =T
e
Goroutines: 0| Num Events * |2
5625
Hecp: - 012
Threads: + 1027|%
o 1197
[v H
s = = = = = i ford
. 657
i Ve -ib7d (=12
oo GG BIRATSIRBA RS sl
Sysaalls pest
< Proco I ——— AR e ———— —— Sl
o £
o
e = = ey e o R [N —— oo
oo
~ Proc2 o7 Guen  Gsiem. 63 G5 G52 GeneMp(e.  GESSaelnCcorn)save = o 36(%
o
s - R — — 5 o I
M
- Proc4 w26z 0 GaTe nenp (conjseve  GaT3neL. Gars neunaprcore) serve. . o om G878 neomp .. 2|
B s e R R S SRS S M e —
) I o T I S T ] [T~ i —
B P [y [ 5 e | [ s s e
) S e R S ———— - ——
Moo - [ S ———— s T e w— —
- oD = e e —r——r— — —
© Proctn e v ST T S [ ——

FESEPRSCE Al BN 5 2 QU FE— 28y GC RIS, A JvHs GOGC R, INEINNAF, F1adix— Brg{E it iy 3.
B, RIMEELSSRIRARAAA, FRBCE MRA B A A7 2 Bo THE A L Bt ol T, a2 i T GOGC K
BN A B2 IR TR 21 5 22 I B AT B A R B3, TR IR ) AN S SRR BRI IR, (LRSI 1 SR A v PO e P R Ul 1t B0 o
T 1

PR T b B 22 M AT RS s SE AL IR RN LE, I AARED )2 T A7 Ak -

NG

B F T =AM ERA T LG BI7E GC A R go tool pprof Al go tool trace PR KA FH S 75 B R AT TR
HEN GC FHEOMMM M RN B, (HIX ] 7 U B T HIDRERRN—3 0, FATBER A BB B E SIA ThEE, B
RZn Ll http pprof & 75 R4 7]+ runtime pprofE 75 XXR4[8]1LL M trace B 77 SCHS[9 k2 — R =.

BUEFRAT IR 24— R R =AM R A L -
1.l NAF RIS, BRH goroutine AO%CEE, i S m i fE &%t CPU AR 2.,
2. IR AL, BIIEE] sync.Pool kAT S G I X R, Bl NS il 70 e A2 05 (K A A7 R R IR 22 AR 45 DL
3. W2, HK GOGC IfH, Bk GC misfrhize.

ZEMERLTEE T GC LT A0 B, BARMIE S LIEF IR /NI, EERADEA AR B BT 2
S5 PRSI T, IRATHE R %A BT B aR LA nl L RAR 2 T i e

LR, WATERIZ L S RRAR TR ZIFX 25, E BT BRI S B EREURT 8 5 5L AR )2 BCPE T R eh A fR S 2
B b
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~

Go LI [ g S A R FE 1 API? JLAR FI 4 B A4 2

15. Go Kbk BIE A Rt API1? EAER A 3R H 42

1E Go MAF/EH RIS GC MR APL, eAil

o runtime.GC: Fahfil’k GC

 runtime.ReadMemStats: BIAFMHCNGIE R, @& GC HRMGIHE R
« debug.FreeOSMemory: Fapk N7 IR A R4

« debug.ReadGCStats: iZH KT GC HIHHAXSZIHE R

. debug.SetGCPercent: ## GOGC 75 &

« debug.SetMaxHeap (MAKA[10]D : &H&E Go F&/FHER FIRME
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Go 1 A RRAAE GC 7 T it ?

16. Go [ B ZFARRATE GC J7TH Ky ?

« Go1l: HiF=friciFH

o Go 1.3: JFTIHH, PRk 2 STW, (Ui L) J L 220

o Go 1.5: JFAFRCIEA, (iR RfE—F 2Rl

+ Go 1.6: {1l bitmap Kl M AFIIALE, KIRILILBIIE M as B SHEFERI PAE, 50N e+ 2270 B
o Go 1.7: {i [ il /£ =2 PP LA

o Go 1.8: WAEHERE, (W LA At

« Go 1.9: MEMER /A E AR

o Go 1.12: A& THWAH BN Mark Termination, {H3I AT —A"H ) GC Bug Z4£ME (W8 20) , HFi% Bug
X GC PERE R ()4 2

o Go 1.13: HFRmARIERGIENIER, 4 TH Scavenger

« Go 1.14: BAUT (U 7 — MR scavenger, @GRS, (AL BN AP R R S LA M9 ek I, JF
SIN TR, ek TR RN T STW I R i)

FIELHR B0 GC st s s .
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Mutator WB-off
Mutator WB-on
Mark

Sweep
STW

Scavenger

;

Sysmon

15 Go 1 NIRATI A, HZ VA Mark-Sweep fIREIF 174k, 4 ST B MUy, T rARE AR 2508t A STW
fPRAs. WEN T Go 1.3 W, B ORI H I R AT 1 IFATACRO b B, RIMUAERRIC P BeE N STW,

R AER AR, BONIFHTA R BURAS A — SRS DU A AE R T H B, 1T 2 303 [ml e 28 A 1 X IF47 45 SR A — 30
VEBEATAEATAAL, BRI A T ZAERRIC I BOE N STW. T Scavenger 1Mis, FIARINRA 2 — A i 2Rk w K 2 &
AR RIE R R T R S

Go 1.5
I [— | Mutator WB-off
d__ & Mutator WB-on
T
T Mark
Sweep
STW
Go 1.8 Scavenger
B Sysmen
] {F ) | —
[
I

M# 7 Go 1.5 Ja, Go HIRAER: A1 KI5 NS B EIHLER GRUESEE I — 2, A7 DUR A GC il fER
(¥ STW W, T 1 1.8 I, Mgt e DER i il WER 1A B I SOE A, STW RN [ — 2D 4ok

MIZA TG, Scavenger S WS ZERE A2 B, I F 2 RGN 2 e, R I R R GTRIE

A, ARATIOR S A A R LS B D0 L L, RIS T P T REAE LIRS (] PAY ISE0F SRR FRT PA A FR U SRS I IR B kA
JIEHRAE RS, FEUEARWIRIE R HIE N AE, AT BLA AR -
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Go 1.13
0 I O | ] [ — — Mutator WB-off
— [ N —
o - Mutator WB-on
NN ] [ ————
I | | — s (e m—
Sweep
Go 1.14 STW
Scavenger
0| Y ) | ——
N I VN NN | N
Y [T ) | ————
T T T

T Go 1.13, AT EAE RGN A5 LAE Y, Go BIBAITIER A WitE Y Scavenger ¥AL N AT #: 1 1) goroutine, Jf
B PSR AT . TR T Go 1.14, X — [ fE R SR P 17 I3 1 e 1a] 0 — 2515 3 45
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Go GC fE L T A FAAEM L S B -7 yfh 4 AT R
25N

17. Go GC RN B P EF AL BTH? A AREHRA?
HERIREH

Iﬁﬂﬁdl]ﬁuﬁﬁﬁwﬁ FOVFAR G o 777 (K00 30 el Wi s 75 225 N A RER QRIS B IE TR R, BR 7 SINR G BRI R £
—IREAN, A TR EOE T LA B AR PR RE, SR E IR R T ARTX T RILL DR A S A, 5
?Eﬁﬁﬁ: SO RN L 5] IR A BRI & T2 =A%, 1 H S NIR A BB R I B X i R, R I e i B 3R

ROC

ROC f4sFr2 i aig ki #s (Request Oriented Collector) [12], ‘EHSzM M GC H—FhEFHaGR. L T —
MR (Request Hypothesis) : 5—/M5e#iE R, IRHK goroutine A G G L H AT R ST IXAME BT
BRAEEFEEN, AR b, BT RIR AR A (S 57 goroutine AT HREME 5 N A G, IS B L Ji—H
FIHF, XA 7 IZ TR A 5 SRS bR A SR I AR A b, XA X — B R SR R 1 R R

&g GC

TERPL ROC HEREAR T Z )G, TEARETE, Go BIANEZR 7 SLB L4430 GC [13]. (HE& RRE R BB 5 A IE
? Go HISITEMLE], ERAT R Bk CAstrs, BMARZEIAT I EA At T BB R A B A PR e $E Tt
IR ARSI — B R A R B R A
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HarsEft GC 1if 5 LU AEM GC MiEEAWE? GC Ml No
GC % H BIILER LA 42

18. EHriRft GC HIES U AARM GC KIESHFHLE? GC M No GC
eSS R T I=P Y

MIFEL BT S, B s S A8 1479200 GCo MBS WA 2 HIsl it GC it =, Hilin:

« Python

JavaScript
. Java
« Objective-C
o Swift

MASEL GC N HER, WEESH NFINERNAE. ErLIETSE8 GC MBS

« C
o C++

WA L 5 W ARG R, K sl N BRSO T 5K, SCEURE RIS B, 00
« Rust

B3 Il SCAE R P 53 0 1 TS AR BE A AF R, MNITTRENS I Bk — Lo il 2T i B AT 4 2 th LIS AT IR 4%«
1. EVRRAT TR 1A ALAF XCBR R T IR O0 S RO A AFIN 7P A SR e, TS 26 AT Bed iR 1 U i S A T I 77
2. gg%%fﬂ(ﬁl*ﬁ%ﬁiﬁﬂﬁVﬂﬁlZﬁZﬂﬁé%ﬁﬁﬂ%ﬂE‘]Wﬁ?ﬁ%G

IR, BRI S R e, Xttt 1A GC e

1. BATHGMATERETT
2. KEHER T B AL L, ARERM LSS AT B
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Go Xflt Java. V8 # JavaScript i) GC tEfE U2

Go Xttt Java. V8 w JavaScript 1) GC &g ey ?

19. Go Xttt Java. V8 # JavaScript i GC {48 ?

Tt Java it JavaScript 11 GC #9738 GC. R0 GC 19— Mz OBt /e AR : KX UG A7 i 18] 3 ic
SIS DX, AR R ) — A X

V8 /¥ GC

15 V8 LB NAE I N AEARE AR B A AR B GO AEIR IR AR R 5, 8 AR BSOS I (MK #BE A
eIV IS RE2 Y ONIPOE &

LSBT R A R 2 Rl @A AT U i SO R — R S 1 4 7 RSB B 3 I S, e e A —
PN EPAEE PG AT E S, S AN T IR ERSS . AT AR R 8RRy From 2], AT IR E
ZRFRAN To 230, 7RG, Yo dE From 2 bl Ar 20 0g, MOT Akl mn, 267 From SR 7R &, JF
I LA R HIE] To Zla o, MARAE R G5 SRR . 56 HlJa, From = EA To (KA G EH, b
IR AFIE S RAE P S (] EAT 4

2. ZAARIN B RO S 5T B SEBURRARICTS SR, (EBSA A A Z ARE T B S ARV 13 58 R N AR AT 4
B, REMT AR I BB K [ml s .

Java K GC

Java i) GC 720 GL, FEMEEANHE NERMN, ZERRRAM. QRRIUFA RIS, W AR U Bkt
PEHBHAT ) il A 2% AR L AR TS 0 S AR AT D A T

1. SRR S PO SRR AR REAT i B i B

2. BFEAUMEEM W A2 00 AT IR SR

3. AR W] IR AR A QAT e 5 i 2L
4. 2% GC M. seBrx BT YR S s R

ERPGE RS, G1 SAHE s ) AT Fm, w5 FrREHh il GC BsEms MImis 8 s R %55 (-
XX:MaxGCPauseMillis ) FITc & X5 ] R .

DA BT AT LT, L4524 A T L5 4 6 55 8 GC L.
PERRELBE

£ Go. Java fll V8 JavaScript ZtbE: GC MIPEREA G L — DA VISR R . Gra e, 330 [ ACs ) v s 17 1R
ZITHMIE R, FINGESZEE H S BRI, BUOSE S st B R R SRS R, Ot EARsE R 1
Wiy 7s .

ELEIRR L, AT =5 X i U R SEBL AR R 22 STW, IR ik 8] 1 P AR LT B R 21 RE (8 Go GC 1+ Austin

EFRSTW /N 100 b [14D o 4%, BEH STW Hslb, BRI 239 CPU IR, X R R D3 70 4 5 A QA S
i EFEHHTIURE 7, BT 8 WA D BCR 24, 98/ id 2 i 9 A7 4 sl [l e 8 (1 7
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HHT Go &5 1 GC il A7 A8 MR L i) f5i 7

20. Bl Go FBEE I GC BAFFEMRLL H K ?

JE Go BIBNEFK STW it [a] 743 DAL AL 2] 100 b gnl, (ERXASR g — Rl . JEAH) STW B0 R SR Bt LS i
F) 1A RE S BN PAUEBUR UM B, BRibz b, BTSSR SEBT , FIREXT GC A — E R LRI R

H AT Go i) GC 3RAFAELL T I

1. Mark Assist SR 53K

package main

import (
-
ros”
“runtime”
“runtime/trace”

“time”

const (
windowSize = 200000
msgCount = 1000000

)
var (
best time. Duration = time.Second
bestAt time. Time
worst  time.Duration
worstAt time. Time
start = time. Now ()
)

func main() {
f, _ := os.Create (“trace. out”)
defer f.Close()
trace. Start (f)

defer trace.Stop()

for i :=0; i <5; i++ {
measure ()
worst = 0
best = time. Second
runtime. GC ()

func measure() {
var c¢ channel
for i := 0; i < msgCount; i++ {
c. sendMsg (i)

}
fmt. Printf (“Best send delay %v at %v, worst send delay: %v at %v. Wall clock: %v \n”, best, bestAt.Sub(st

art), worst, worstAt.Sub(start), time.Since(start))

ARS8 s R SCR (www. topgoer.cn) # - 344 -



HHT Go i 5 1 GC i AFAEMBLL 7] 51 ?

type channel [windowSize][]byte

func (c *channel) sendMsg(id int) {

start := time. Now ()

/) R IE
(kc) [id%windowSize] = newMsg(id)

time. Now ()
elapsed := end. Sub(start)

end :=

if elapsed > worst {
worst = elapsed
worstAt = end

}

if elapsed < best {
best = elapsed
bestAt = end

func newMsg(n int) []byte {
make ([]byte, 1024)
for i := range m {

m[i] = byte(n)

m =

}

return m

=

JEAT MR P FATTAT LA B SEA0L T 1 R 45 2R -

$ go run main. go

at
at
at

773.037956ms,
873. 672966ms,
1. 812141567s,
2.722161771s,
3. 173649445s,

Best
Best
Best
Best
Best

send delay 330ns
send delay 331ns
send delay 330ns
send delay 338ns
send delay 337ns

at
at

worst
worst
worst
worst
worst

send delay:
send delay:
send delay:
send delay:
send delay:

ARSCRY A P s R OCRS (www. topgoer.cn) 4 - 345 -

Wall clock: 831.066632ms
Wall clock: 1.515295559s
Wall clock: 2.199921749s

Wall clock: 2.920174197s
Wall clock: 3.615079348s

7.127915ms at 579. 835487ms.
6.731947ms at 1.023969626s.
5.34028ms at 2. 193858359s.

7.479482ms at 2.665355216s.
6.989577Tms at 3.361716121s.

4
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trace
jssome N X N jsesms

~ STATS (pid 1)

View Optos |
; e

1
0

Goroutines:
Heap:
Threads:

~ PROCS (pid 0)
GC

Syscalls
~ Proc0

B e G nntmemain
- Proc2

~ Proc3

~ Proc4

~ Procs

Proc 6

Proc 7
~ Proc8

61 runtimo.main

PG oW SOWON  Sveis o71s ol

TouereTndur

£

1 item selected. Slice (1)
Title MARK ASSIST (unfinished)
User Friendly other
Category
Start 571,808,567 ns.
Wall Duration

7,112,321 ns|
Start Stack Trace ~ Title

runtime traceGCMarkAssistStart:1034
runtime.goAssistAlloc:437
runtime.mallocgc:938
runtime.makeslice:49
main.newMsg:68
main.(‘channel).sendMsg:53
main.measure:42
main.main:32

End Stack Trace  Title
runtime.traceGCMarkAssistDone:1038
runtime.geAssistAlloc:483
runtime.mallocgc:938
runtime.makeslice:49
main.newMsg:68
main.(*channel).sendMsg:53
main.measure:42
main.main:32

TERXANEE R A, BRI BN LR A A 7.12 27,
W, XA, Mark Assist $i47 T 7112312ns,

TIPAT, RIER 7 SRR .

2. Sweep EHH T K

FIREEARERIA BB, R BA 41 EE Mark Assist 5 & 7ERT Sweep BirBt,  saoRns 1 AAIH #5252 30ms.,  HiAE

RAEAEREFIZAT 578 R it it

go tool trace

LYY 3

#9709 7.127915ms; AL, MEEIAEILN, beickigidEtE 7 PR

FRAE BT UE S, % Sweep it fE & AL AE N AE I B -

trace

< simis pa 1)
Goroutines:

Heap:
Threads:

~ PROCS (pid 0)
GC

Syscalls
~ ProcO o

[Viw Optios]|
Jooms

61 runtime.main

~ Proc1 e
~ Proc2
~ Proc3 G1 runtime.main
MARK ASSIST (unfished)
~ Proc4

~ Proc5

Proc 6
Proc 7
~ Proc8

Sweep

61 runtimo.main

BB

TEGeues  somen  smseasel ||

TouereTndu

£

1 item selected. | Siice (1)

Title SWEEP
User Friendly other
Category

Start 585,134,518 ns
Wall Duration 2,000 ns
Start Stack Trace  Title
funtime.traceGCSweepSpan:1016|
runtime.(‘mspan).sweep:220
runtime.(*mcentral).cacheSpan:80
runtime.(*mcache).refill:138
runtime.(‘mcache).nextFree:866
runtime.mallocge:1034
runtime.makeslice:49
main.newMsg:68
main.(*channel).sendMsg:53
main.measure:42

main.main:32

VArgs
Sweptbytes 8192
Reclaimed bytes 8192

&ZAETE mallocge B ER

3. BT GC HENAEHEFH GC FMBaEFIAT

VLR A I, ERE A TR A

MHZ15 0.0007496251874. EARIAEMFMAC, H—EAA, GC HEPEEBHIAT, AHAE.
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4. 8]8 KE Goroutine 553 GC JH#EE LK CPU
S 1 R T B DA TR HEAT S

func BenchmarkGCLargeGs (b *testing.B) {
wg := sync. WaitGroup {}

for ng := 100; ng <= 1000000; ng *= 10 {
b. Run (fmt. Sprintf (“#g-%d”, ng), func(b *testing.B) {
/) CI#EAE goroutine, HITFHEIREIZEN] goroutine &KHRE
/) MITTIEATI N RSB IETERIRET goroutine, HETTABIEIERH] g
wg. Add (ng)
for i :=0; i < ng; i++ {
go func() {
time. Sleep (100 * time.Millisecond)
wg. Done ()

10O
}
wg. Wait ()

/) BUIEIT—IR GC REEHE—ZHI A 172 5%
runtime. GC ()

"/ IERIBLT b. N Ik GC 7 Z RIS [E]

b. ResetTimer ()

for i :=0; i < b.N; i++ {
runtime. GC()

Rt QUSRI S/ GE

$ go test —bench=BenchmarkGCLargeGs -run="$ —count=5 -v . | tee 4.txt
$ benchstat 4. txt

name time/op

GClargeGs/#g-100-12 19215 + 5%

GCLargeGs/#g—1000-12 331ps £ 1%

GCLargeGs/#g—10000-12 1. 22ms + 1%

GCLargeGs/#g-100000-12  10. 9ms + 3%

GCLargeGs/#g—1000000-12 32. bms =+ 4%

RS HUER R A FER R, K& goroutine HFATLA SR IRIR, MTIZ 1T AN 814 5711 goroutine,
IHf goroutine HFRBRARGAY S HAEARIE M, S8 GC FEFMHITHBRMZ, HEfise i GC BT A ) ok K .
— MR IRERAL T goroutine kIR HI6)E (1) goroutine &,
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EEAIR A GC X —ZM A R — /B POV R A, AR 2 IAMBCR T« WU R eI e AT PR IF AR A 58 3 o)
e
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« [1] lan Lance Taylor. Why golang garbage-collector not implement Generational and Compact gc? May
2017. https://groups.google.com/forum/#!msg/golang-nuts/KJiyv2mV2pU/wdBUH1mHCAA]

e [2] Go Team. debug.GCStats . Last access: Jan, 2020. https://golang.org/pkg/runtime/debug/#GCStats

e [3] Go Team. runtime.MemStats . Last access: Jan, 2020. https://golang.org/pkg/runtime/#MemStats

e [4] Austin Clements, Rick Hudson. Proposal: Eliminate STW stack re-scanning. Oct, 2016.
https://github.com/golang/proposal/blob/master/design/17503-eliminate-rescan.md

o [5] Austin Clements. Go 1.5 concurrent garbage collector pacing. Mar, 2015.
https://docs.google.com/document/d/1wmjrocXIWTrl)xU-3EQBI6BK6KgtiFArkG47XK73xIQ/edit#

e [6] Austin Clements. Proposal: Separate soft and hard heap size goal. Oct, 2017.
https://github.com/golang/proposal/blob/master/design/14951-soft-heap-limit.md

e [7] Go Team. HTTP pprof. Last access: Jan, 2020. https://golang.org/pkg/net/http/pprof/

« [8] Go Team. Runtime pprof. Last access: Jan, 2020. https://golang.org/pkg/runtime/pprof/

« [9] Go Team. Package trace. Last access: Jan, 2020. https://golang.org/pkg/runtime/trace/

o [10] Caleb Spare. proposal: runtime: add a mechanism for specifying a minimum target heap size. Last
access: Jan, 2020. https://github.com/golang/go/issues/23044

o [11] Austin Clements, Rick Hudson. Proposal: Concurrent stack re-scanning. Oct, 2016.
https://github.com/golang/proposal/blob/master/design/17505-concurrent-rescan.md

e [12] Rick Hudson, Austin Clements. Request Oriented Collector (ROC) Algorithm. Jun, 2016.
https://docs.google.com/document/d/1gCsFxXamWB8RRvOe5hECz98Ftk-tcRRJcDFANj2VwCBO/edit

e [13] Rick Hudson. runtime: constants and data structures for generational GC. Mar, 2019. https://go-
review.googlesource.com/c/go/+/137476/12

e [14] Austin Clements. Sub-millisecond GC pauses. Oct, 2016. https://groups.google.com/d/msg/golang-
dev/AblsFeoZg_8/_DalLOESfAwWA]

e [15] Austin Clements. runtime: error message: P has cached GC work at end of mark termination. Nov,

2018. https://github.com/golang/go/issues/27993#issuecomment-441719687

F A 2% TR

e [16] Dmitry Soshnikov. Writing a Memory Allocator. Feb. 2019.

http://dmitrysoshnikov.com/compilers/writing-a-memory-allocator/#more-3590
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