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struct Hmap

{
uint8  B; // BIABRR22BNIN
uintl6 bucketsize; // B THEAOKX/)

byte  *buckets; // 2°BBucketsHIENE
byte *oldbuckets; // Bi—Tbuckets, RENHIEAEY BRALRRHE

struct Bucket

{

uint8 tophash[BUCKETSIZE]; // hash{BHIES8fL. .. .{E{iLMbuckettarrayEiIZlbucket

Bucket *overflow; // mHEiERE, RE
byte data[l]; // BUCKETSIZE keys followed by BUCKETSIZE values
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User Application
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syscall

L[p1d 19154] <... read resumed> "\1\Q\O\1\4<\Q\O\2\3def\lb6refresh_master\nmai”.
[p1d 19150] <... pselectb resumed> ) = @ (Timeout)

[pid 19152] pselect6(®, NULL, NULL, NULL, {0, 3000}, @ <unfinished ...

[p1d 19167] clock_gettime(CLOCK_MONOTONIC, <unfinished ...>

[pid 19157] <... epoll_pwait resumed> {{EPOLLIN|EPOLLOUT|EPOLLRDHUP, {u32=1893

134576}y, 128, @, NULL) = 2

[p1id 19157] read(3, <unfinished ...> o AW

[p1d 19156] clock_gettime(CLOCK_MONOTONIC, <unfinished ...> % time seconds usecs/call errors syscall

[p1d 19154] write(32, "\5\0\O\O\31\f\O\O\Q", 9 <unfinished ... """ —""7-777777 -7--7---o-- —ooooooos mooooooos momoomooooooooes
[pid 19150] <... clock_gettime resumed> {935287, 674835167}) = fé;i;; b

[p1d 19167] futex(®xc420bdal48, FUTEX_WAIT, @, NULL <unfinishe

687862 epoll_pwait
[p1id 19157] <... read resumed> "HTTP/1.1 200\r\nDate: Thu, 03 422781 clock_gettime

. 162315 write

051648 read

.010998 restart_syscall
008774 connect

006912 sched_y1ield

. 005180 close

11 B

1
:

002445 socket
001707 getsockopt
001626 epoll_ctl
001578 1  z08 setsockopt
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ext runtime struct

£\ ETIES runtime.allm FIAIBMEIYIER
FRPIIER runtime.allp I EPRIZIZER
2RGHIER runtime.allg FHRIEGEYTIER
RE T RMTIER runtime.sched.midle EFERZERAMBYSIR
THE 2z T APFIZE runtime.sched.pidle ZE= RPRYEIE

runtime.shced.rung

FH R 1z1TAIGEAS]

Pr[1z1TAYGPAS

runq
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when to scheduler

channel

garbage collection

blocking syscall like file or network IO
time.Sleep

more




P status

* Pgcstop e
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 Psyscall |
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Psyscall
e Pdead
e JB/> GOMAXPROCS o
R ' Pdead g e ——— '5;')&iaorui;cc




. v ! )
—— ey (

B HEFR (Spinning)

e MIETEMIBITPAGIZRENG, XBN{EMESIHE —
HiTgo g

e MIETE1TgOfUHE, XBIEMETHRE —
HWATREASEH

 MIEERITIREM B EPHZERIsyscall, 3
REE AR

e MEIMELFTITHNGHR SFHAIKER, FARINEIZ

M status

X MHAAHEP

—

S AMBERA, 1

X MAAHEP

s = B . - Y- .

S —— T— . =



S . T —

AP e e . e I e el it

- - —— —— - B L

(Goroutine status

B
R ERIEST |
> Gidle -
b 3551%%7&‘
BT l TRk
L
Grunning B Gwaiting
wph s
1B{T55hK
Gsyscall <t Y
Gdead
)L
T o T e e R i SR I P R S e —To ; ~— B S s = —————

by xiaorui.cc



‘ Y N \
- - L

Ll i s gy APl <~

)

)

)

gopark, g& AwaitinglA=, &

goroutinefll &
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goready, g& grunnabled 7, A EFERAT

gosched, g & A runtime.Goschedit £ &R, & MrunnableldRZ, 58

ANZ RIS

* goexit, gil1T=IRH, gFfil@mt#E|g0tk, ExiH
* gPg A\syscall:

* net io¥IZPfile io, ;B HEFMIgopark;
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go work stealing

func findrunnable() (gp *g, inheritTime bool) {

_g_ := getg()
top:
// MAAHErung3XBNG

if gp, inheritTime := runqget( g .m.p.ptr()); gp != nil {
return gp, inheritTime

1. pop from local runq

al

/ TS — SN Bt [ A~ U -
/ MZEFsched. rungP3xEIG

v ——

if sched.rungsize != 0 {

gp := globrunqget(_g_.m.p.ptr(), 9) 2- POP From glObal runq

| — dety )
\ WA ¥

FELIEEFE—"TP MEHRIrungFsteal —E 0 1ESG 3 F 1' ll
. pop from netpoller

for i1 := 0; i < int(4*gomaxprocs); i++ {
_p_ := allp[fastrandl()%uint32(gomaxprocs) ]

var gp *g 4. pop from other p’ rung

if p_ == _g_.m.p.ptr() {
gp, _ = rungget(_p_)
} else {

stealRunNextG := i > 2*int(gomaxprocs)
gp = rungsteal(_g_.m.p.ptr(), _p_, stealRunNextG) TN R R C 2R S R oV O e TS |
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sysmon

BIMEAREFETE N e EER
min = 20us; max = 10ms
1. netpoll(GkHX fFdZH-14:)

2. retake(#5 )

3. forcegc(% M} H] 53 i #4147 gcC)
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memory

E FtcmallockI I Z RA 1M
mcache: per-P cache, PIBAIAN=ZE local cache,
mcentral: £/ cache, mcache A~IZFHRIET{%[E mcentral Bi5,

mheap: = mcentral B ANIZRERVEN{R, 18T mheap RIIR{ERGIHIE,

mspan: R{FEDECAIE AR
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memory

mspan EX1A 8k #C
spans 512M

bitmap 16G
arena 512G




Mheap

free[128]
spans
bitmap

arena_start
arena_used

arena end
central[67]

lock

sizeclass

mcentral £,

- % Lo et N LT A

T i N, S

——

memory

spans | bitmap |

=67

———— T

ARG RE =S (8]

mspan

next

prev

startAddr

sizeclass

freelist

darena

mcache; (RPZ{ B

tiny

I

|
LD |

tinyoffset

local nsmallfree

local_nlargefree

alloc[67]
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memory "

sizeclass

startAddr

// class bytes/obj] bytes/span

alloc = [67]sizeclass freelist
= 47= Hai LAY e
; ”ﬁ?s'zec'as\sg = oo R pigh
2R mspan%_i:% /I3 32 8192 If malloc 30 byte ; HEs
/I 4 48 8192 o Prelv
- /I 5 64 8192 LA Acath
Lt startAddr
tinyoffset I 03 448 8192 freelist
alloc[67]

/[ 43 4096 8192
mcache .

/] 64 27264 81920

29365 28672 57344

/[ 66 32768 32768 4K
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alloc memory rule

Qﬂ%object size>32KB, M E1Z{EAmheapk o B =|8];

g[15Robject size<16Byte, M@ 1T mcachefJtiny 77 Bo gz K o Ee ;

415R 16Byte < object size < 32KB, B2 @i sizeclass¥d A%
Fic;

e MR mcachelZB X NHIspan, N@mcentralBiIET R ;

gNERmeentraltB)g == AR, Ni@mheapRigFH AT D

gNRmheapt g &&HIspan, N RS HIEFHEIREZEZIE,
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object relase rule

gl R object size>32KB, HixlgspaniZiLzamheaphy B % ;

g[1ZRobject size<32KB, &% objectXJ\sizeclass,
1% ;

137 Zmcache B H

gZRmcache B HIIKREANFI K, FFabospan)diEEImeentral;

ANRE T SEERIMspangf E2Y3ik Ellmeentral, NJAFIX

Zllmheap D1 it ;

mMmmheap& ERNIEERIIRFIHLEI RS,

28 mspan!/3iA8

g _— «—
e TE— - — S . B ———
s >- >

.- -~ - "\
P T T TI  —— —y -

— — e ——y




e ———————— e (T




. . Al .
. ey ¢

-V -A_A"“_.'.- —

Golang &,

GolangHJtric  BfRE—

desc gc
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when trigger gc

gclriggerHeap
« FRIDECHINFARI—
o default GCGO=100

gclriggerTime
» S—EMNIEIRBRIT

e two minutes

gcTriggerCycle
« BREmIFT—3HIGC,
gclriggerAlways
 EHIARGC

Y)

N

EEFAEARGC

JGCHiAERGC

@Y =pIlL 0]

, F s & GCHRJruntime.GC()
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forcegc & return os

var forcegcperiod =2 %60 "% 1e9 Cu———

25 func B oo O {

S g * Sysmon =5&HM o #HHIT—/R GC
checkdead()
unlock(&sched.lock)

o e o s e T * B50HEREN—Lspan, AR RERST

debug.scavenge > 0 { ‘g~\\\\‘\\\\\\\

forcegcperiod = 10 * 1e6
scavengelimit = 20 * 1e6

}
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Memory Basic ~

2018-05-02 22:08:07

= RAM Total: 7.81 GiB
- RAM Used: 3.45GiB
RAM Cache + Buffer: 214.61 MiB
- RAM Free: 4.15GIB
SWAP Used: 0B

0B
21:10 21:15 21:20 21:25 21:30

== RAM Total == RAM Used RAM Cache + Buffer == RAM Free SWAP Used

A=RIEADbiIg map TS HINXT RHE

~7/

o
|

[+

, 1 BEBNATF

map = nil
debug.FreeOSMemory()
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0B
15:10 15:15 15

channell9EERE)

Memory Basic

B e — —_—

20 15:25 15:30 15:35 15:40 - 15:50

== RAM Total == RAM Used RAM Cache + Buffer -~ RAM Free SWAP Used

Channel#g

TG, KA109HBEMATE .
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- - € o, . &

16:00

e T— -_— -— - T —————



debug.FreeOSMemory()

TTERMICEMRFRE, TAMERFENARFEEAE OS ?

mhdin 5o, BELAEXFE. ..
Fhfitk FreeOSMemory() 2 EIFRIRRI
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debug

GODEBUG=gctrace=1

. D « O »
gc 307 @1288.241s 1%:
gc 308 @1288.673s 1%:
gc 309 @1289.082s 1%:
gc 310 @1289.495s 1%:
gc 311 @1289.878s 1%:

gc 312 @1290.254s 1%:
gc 313 @1290.612s 1%:
gc 314 @1290.960s 1%:
GC forced

gc 12 @1324.050s 0%: 0.012+1.8+0.019 ms clock, 0.025+0/1.8/1.7+0.038 ms cpu, 2->2->2 MB, 16 MB goal, 2 P

3 v +v.9 U

0.28+73+0.082 ms clock,
0.444+8340.066 ms clock,
0.204+704+0.046 ms clock,
0.494+6840.023 ms clock,
9.39+61+0.091 ms clock,
0.20+7149.031 ms clock,
0.18+694+0.055 ms clock,
9.49+51+0.052 ms clock,

Ry, U.Lo+3%/ 30/ 0+0. ou, = ~>44 MD ib Qod

0.57+83/42/0+0.16 ms cpu, 212->215->4Z2 MB, 221 MB goal, 2 P
0.884+96/45/0+0.13 ms cpu, 202->204->40 MB, 210 MB goal, 2 P
0.40+83/40/0+0.993 ms cpu, 194->197->39 MB, 202 MB goal, 2 P
0.98+80/37/04+0.947 ms cpu, 199->192->37 MB, 198 MB goal, 2 P
0.79+81/30/04+0.18 ms cpu, 180->182->36 MB, 188 MB goal, 2 P
0.41+84/41/0+0.062 ms cpu, 175->177->36 MB, 182 MB goal, 2 P
0.374+83/39/04+9.11 ms cpu, 173->175->35 MB, 180 MB goal, 2 P
9.99+61/30/0+9.10 ms cpu, 172->174->31 MB, 179 MB goal, 2 P

func printMem() {

runtime.ReadMemStats(&mem)
log.Printin("mem.Sys: ", mem.Sys/1024/1024)

- —— - | e X -

log.Printin("mem.Alloc: ", mem.Alloc/1024/1024) |

log.Printin("mem.TotalAlloc: ", mem.TotalAlloc/1024/
log.Printin("mem.HeapAlloc: ", mem.HeapAlloc/102
log.Printin("mem.HeapSys: ", mem.HeapSys/1024/1
log.Printin("mem.HeapObjects: ", mem.HeapObjecits

2018/05/02 15:55: Sys: 6121
2018/05/02 15:55: Alloc: 15
2018/05/02 15:55: .Heapldle: 5863
2018/05/02 15:55: .TotalAlloc: 5882
.HeapAlloc: 15
.HeapSys: 5879
.HeapObjects: 144

2018/05/02 15:55:
2018/05/02 15:55:;
2018/05/02 15:55:

an amasn o aen ol o A FAFMATFAIALA
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Segmented stacks (Go 1.0 - 1.2)

G()

<«—— 8192 bytes —»




Copying stacks (Go 1.3)

main()

<—— 8192 bytes —

free space
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Ox0000 .go: TEXT "" foo(SB), $24-8
Ox0000 .go: MOVQ CTLS)SMREX
0x0009 .go: CMPQ SP, 16(CX)
Px000d .go: JLS 72
func foo() *int { 0x000f .go: SUBQ $24, SP
x 1= 1 Ox0013 .go: MOVQ BP, 16(SP)
0x0018 g0~ LEAQ 16(SP), BP
return &x Ux001d .go: FUNCDATA $0, gclocals-2at
0x001d .go: FUNCDATA $1, gclocals:- 33«
Ox001d .go: LEAQ type.1nt(SB), AX
Ox0024 .go: MOVQ AX, (SP)
func main() { 0x0028 .go: PCDATA $0, $0
X = fool() Ox0028 .go: CALL runtime.newobject(SB)
Ox002d g.go: MOVQ 8(SP), AX

package main

println(xx)

[ ruifengyun@xiaorui ~ ]$ go tool compile -m g.go
.go:3:6: can inline foo
.go:8:6: can inline main
3g0:9: 130 anlining call to foo
.g0:5:12: &x escapes to heap
.go:4:5: moved to heap: X

.g0:9:13: main &x does not escape

P . . N A



1
2
3
4
D
b
/
8
9
0

package main

import (
i fmtll

func main() {
var a [1]int
¢ =7alzl
fmt.Println(c)

Ox0000
Ox0000
0x0009
Ox000d
Ox0013
Ox0017
Ox001c
Ox0021
Ox0021
Ox0021
0x0028
Ox002c¢
Ox002c
Ox0031
0x0036
Ox003b

0x0044
AxAAAd

orui ~ 1% go tool compile -S k.go
STEXT size=183 args=0x0 locals=0x60

00000
00000
00009
00013
00019
00023
00028
00033
00033
00033
00040
00044
00044
00049
00054
00059

000638
QAA77

(k.
(k.
(k.
(k.
(k.
(k.
(k.
(k.
(k.
(k.
(k.
(k.
(k.
(k.
(k.
(k.
(k.

(I

go:

go:
go:
go:
go:
go:
go:
go:
go:
go:
go:
go:
go:
go:
go:
go:
go:

an 't

7)
®
®
7)
®
®
®
7)
®
8)
8)
8)

TEXT
MOVQ
CMPQ
ILS

SUBQ
MOVQ
LEAQ

FUNCDATA
FUNCDATA

LEAQ
MOVQ
PCDATA
CALL
MOVQ
MOVQ
MOVQ

' main(SB), $96-0

(TLS), CX

SP, 16(CX)

173

$96, SP

BP, 88(SP)

88(SP), BP
$0, gclocals-69c¢1753bd5
$1, gclocals-57cc5e9a02

type.[1]int(SB), AX

AX, (SP) "’,,,///’//’
$0, $0

runtime.newobject(SB)
8(SP), AX

AX, ""..autotmp_4+64(SP)
$1, ""..autotmp_4+72(SP)
$1, ""..autotmp_4+80(SP)

[ruifengyun@xiaorui ~ ]%$ go tool compile -m k.go
K.go:10:16: c escapes to heap

k.go:9:11: a escapes to heap

K.go:8:9: moved to heap: a

k.go:10:16: main ... argument does not escape

A SR S S o~ -1 &
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go tool compile -S xxx.go

s WRDMDI

* go tool compile -m xxx.go
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if err := fd.pd.prepareRead(fd.isFile); err != nil {
return 0, err

n e I POI le l func (fd %xFD) Read(p [lbyte) (int, error) {

}

for {
n, err := syscall.Read(fd.Sysfd, p)
if err != nil {
n==~o : :
if err == syscall.EAGAIN |&& fd.pd.pollable() {
if err = Td.pd.waitRead(fd.isFile); err = nil {§

func (fd *FD) Read() --> | coneime

}

type pollDesc struct {
Link *xpollDesc

Lock mutex
fd uintptr func (pd *pollDesc) wait --> ;

err = fd.eofError(n, err)
func poll_runtime_pollWalit -->
func netpollblock()

closing bool

func netpollblock(pd *pollDesc, mode int32, waitio bool) bool {
for {
old := *gpp
if old == pdReady {
*gpp = ©
return true

}
if old !'= 0 {
throw(" runtime: double wait")

}

if waitio || netpollcheckerr(pd, mode) = @ {
gopark(netpollblockcommit, unsafe.Pointer(gpp), "IO0 wait", trac

}

, e SRS R BRI P I Lo R S s return old == pdReady




netpoller

func netpoll(block bool) *xg {

/ /FIBEREN SR G — /R M EE I / O A E+% GRURT [E] if epfd = -1 {
if lastpoll != 0 && lastpoll+10%1000%x1000 < now { ' FELUFRiD..E
// B —IREEGHE, RN T F—IRI8FIE, I/ ...

atomic.Cas64(&sched. lastpoll, uint64(lastpoll), uint64(now)) 'i‘f‘: ipgllwaiﬂepfd, sevents[0], int32(len(events)), waitms)

// NREZR R EHRCEMERN, XEEIEFEZEEEN. if n 1= —_EINTR {

g println("runtime: epollwait on fd", epfd, "failed with"
9B netpoll(false) throw("epollwait failed")

}
goto retry

if gp != nil {
iﬂCidlElOCked(—l) gp guintptr
/ /B EBIREARNEEZF FEARIZREXHIGEAS 1 := int32(0); i < n; i+ {

ey := &events[i]

injectglist(gp) if ev.events == 0 {

incidlelocked(1) SysmOn ! continue

var mode int32

if ev.events&(_EPOLLIN|_EPOLLRDHUP|_EPOLLHUP|_EPOLLERR) !=
mode += 'r'

}

if ev.events&(_EPOLLOUT |_EPOLLHUP|_EPOLLERR) != 0 {
mode += 'w'




timer.After

func sendTime(c interface{}, seq uintptr) {
select {
case C.(chan Time) <- Now():
default:

}

go timer

timer.New Timer timer.Tick

func startTimer(t xtimer) {

addtimer(t) ‘

func addtimer(t *timer) {

make(chan T1me, 1)
= &Ticker{ // &Timer
C,
runtimeTimer{
when: when(d),
period: int64(d),

lock(&timers. lock)
addtimerLocked(t) /
unlock(&timers. lock)

func addtimerLocked(t xtimer) {

/] HhES
timers.t = append(timers.t, t)
siftupTimer(t.1i)

- sendTime,
arg: C,

if 'tlmers created {

startTimer(&t.r)
return t

: e — e s
R e A -




func timerproc(tb xtimersBucket) { =
tb.gp = getg() arg :
for { seq :=
lock(&tb. lock) unlock(&tb. lock)
tb.sleeping = false if raceenabled { |
now := nanotime() raceacquire(unsafe.Pointer(t))

delta := int64(-1) ¥ D /

if len(tb.t) == 0 { //FZKtimerf8iEx lock(&tb. lock)

delta = -1 }
Ereak / if delta < 0 || faketlme > 0 { | _ /
} )ut goroutine to sleep.

t := tb.t[0] //ZZFETHtime: tb reschedullng true |
daliatiihen= nog'”' goparkunlock(&tb. lock, "“timer goroutine (idle)", traceEv(
if delta > @ { // FRtimertgniE)&B;845I4A continue

I break / H

A1 Bt+ickerER NE B HF I HE O 5] 3 tb SIGEDlng true D
1f t e rlOd > 0 v | ‘:' {._ LL \"{‘w R :‘;._. ‘ | : 3 =1 _Z_lj :-:;“.., 18] e
p { ' just £ to fire tb.sleepUntil = now + delta
t.when = t.perlod X (1 + —delta/t.perlod) noteclear(&tb.waitnote) // &1

£ T unlock(&tb. Lock)
} elzé Edown =t k) notetsleepg(&tb.waitnote, delta) //

last := len(tb.t) - 1
if last > 0 {
tb.t[0] = tb.t[last]
th.t[e]l.1 =0

}
th.tllast]l = pnil




var (
gbuffer = &sync.Pool{
New: func() interface{} {
return &bytes.Buffer{}

},
)

func writeBuffer() {

buf := gbuffer.Get().(xbytes.Buffer)
defer gbuffer.Put(buf)

sync.pool
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// Put adds x to the pool.

func (p *Pool) Put(x interface{}) {

1T % == nil {
return

}

L 2= p.pin{)

if l.private == nil {
L.private = X
X'= Rt

}

if x 1= nil { /
1. Lock()

L.shared = append(l.shared, x)

1.Unlock()

sync.pool

> 153 _SI|C€1E&2§;EJRE|’%@1—I% func (p *Pool) Get() interface{} {
' 2= ppin() €
e mutex {R1F shared slice Lineepinl)

x := l.private
e shared=#MizE, private B 7 Lf e il

L.private = nil
1.Lock()

-‘ last := len(l.shared) - 1

if last >= 0 {
x = l.shared[last]
sl 1.shared = l.shared[:last]

}
L.Unlock()

if % == nilt {
X = p.getSlow()

// Local per-P Pool appendix.

type poolLocalInternal struct {
private interface{} // Can be used only by t
shared []interface{} // Can be used by any P.
Mutex // Protects shared.

}.

func (p *Pool) pin() *poolLocal {
pid := runtime_procPin()
s := atomic.lLoadUintptr(&p.localSize) // load-acquire
L := p.local // load-consume
if uintptr(pid) < s {
return indexLocal(l, pid)

’ “il...~.
return p.pinSlow()

}

if X == nil && p.New != nil {
X = p.New()

}

return X

e ——_— A N _ L - B



sync.map

type Map struct {
// S RINA1rtyiEaI R FRIR K,

mu Mutex

. - M= 0 TS 4 83U
// FWFHdirtyBRyEws =2 0%1,

dirty maplinterface{}]*entry

e ——_— A N _
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type Mutex struct {
state int32

// A Mutex must not be copied after fTirst use.
: o

sema uint32

sema waiting queue |

; const (

mutexLocked = 1 << iota // mutex is locked . '
mutexWoken (Gj ]

mutexStarving

.' mutexwWaiterShift = iota

G

G
G

if atomic.CompareAndSwapInt32(&m.state, old, new) {
if old&(mutexLocked|mutexStarving) == 0 {
break // locked the mutex with CAS

' T+ 1 143 o S = - £ 4} @

// If we were already waiting before, queue at the front of the queue.

. . . * Cas
queuelLifo := waitStartTime != 0
if waitStartTime == 0 {

waitStartTime = runtime_nanotime() ® Eél /l\SySCa”

runtime_SemacquireMutex(&m.sema, queuelLifo)

G

S\

StartTime > starvationThresholdNs ® ﬁ __I-ru ntlme-l,J__l EI]&@E

old = m.state
if old&mutexStarving != 0 {
// ITf this goroutine was woken and mutex 1s in starvation mode,

// Grab the right to wake someone.

new = (old - l<<mutexWaiterShift) | mutexWok

if atomic.CompareAndSwapInt32(&m.state, 61d, new) {
runtime_Semrelease(&m.sema, false)

// ownership was handed off to us but mutex 1s in somewhat

// inconsistent state: mutexLocked 1is not set and we are still

// accounted as waiter. Fix that.

if old&(mutexLocked |mutexWoken) != @ || old>>mutexWaiterShift == 0 {

throw("sync: inconsistent mutex state") return

}

}

delta := int32(mutexLocked - l<<mutexWaiterShift) SR L s i Wl sy e s Sl
old = m.state

if !starving || old>>mutexWaiterShift == 1 {
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sync.Mutex

e atomic.CompareAndSwap
o 1& 3D syscall
e E T runtimeifl E ILE
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// A Mutex must not be copied after fTirst use.
type Mutex struct {

state int32

sema uint32

const (
mutexLocked = 1 << iota // mutex is locked
mutexWoken
mutexStarving

mutexWaiterShift = 1ota

o NI E B, HI
» {ER G RK=1&I"wait queue

func (m *Mutex) Lock() {
if atomic.CompareAndSwapInt32(&m.state, 0, mutexLocked) {

// ESRLTH
for 4

return
old := m.state
new := old | mutexLocked
if old&mutexLocked != 0 {
if runtime_canSpin(iter) {
if !awoke && old&mutexWoken == 0 && old>>mutexWa
atomic.CompareAndSwapInt32(&m.state, old, ol

}

if atomic.CompareAndSwapInt32(&m.state, old, new) {
if old&mutexLocked == 0 {
break // BRI

/] EHER ‘f"”

runtime_Semacquire(&m.sema)

if atomic.CompareAndSwapInt32(&m.state, old, new) {

func semacquire(addr *uint32, profile bool) %
for {

lock(&root. lock) /

// Add ourselves to nwait to disable "easy case'" in semreleas
y

atomic.Xadd(&root.nwait, 1) h—-

// Check cansemacquire to avoid missed wakeup.
if cansemacquire(addr) {
atomic.Xadd(&root.nwait, -1)
unlock(&root. lock)
break

P

goparkunlock(&root. lock, "semacquire", |traceEvGoBlockSync, 4)
cansemacquireladar
break

root.queue(addr, s)

if old&(mutexLocked |mutexStarving) == 0 {
break // locked the mutex with CAS
}
// IT we were already waiting before, queue at the front of the gueue.
queuelLifo := waitStartTime != 0
if waitStartTime == 0 {
waitStartTime = runtime_nanotime()

} .
runtime SemacquireMutex(&m.sema, queuelLifo)
— = = StartTime > starvationThresholdNs

old = m.state
if old&mutexStarving != 0 {
// If this goroutine was woken and mutex 1s in starvation mode,
// ownership was handed off to us but mutex 1s in somewhat
// inconsistent state: mutexLocked is not set and we are still
// accounted as waiter. Fix that.
if old&(mutexLocked |[mutexWoken) != @ || old>>mutexWaiterShift == 0 {
throw("sync: inconsistent mutex state")

}
delta := int32(mutexLocked - l<<mutexWaiterShift)
if lstarving || old>>mutexWaiterShift == 1 {

o A




for i := 0; i < 200;: i++ {
wg.Add(1)
go func(wg *sync.WaitGroup, i int) {
for i := 0; i < 50000; i++ {
lock.Lock()

counter += 1
lock.Unlock()
}

wg.Done()
}F(&wg, 1)

sync.Mutex

Xlaorul.cc giaiie SEph | \
il ' B
1 |

runti..

JEm runti.. @ ;

runtime.semreleasel rd.. @ runtime.fi.. |

| runtime:sche ) |

.Lock

runtime:"EXl @ runtime.park_m
runtime._System runtime.mcall

_ sync.(*Mutex).Lock (123 samples, 47.86%)

utex).Lock (123 samples, 47.86%)

IDEEER unti.. [ T 1

Mutext A~ &1

% time usecs/call errors syscall

. 950334 341599 136495 futex
.213808 432249 pselectb

489443 887958 clock_gettime
: . 000033 rt_sigprocmask
—— ; . 000000 write

AARARAR | | T



sync.Mutex

THEN 2 (o)

« noDeferLock 325 %I 5000w/s i

ONe_CoSt =

® DeferLOCk ‘mﬂ L\/(éu 1 7OOW/S '%.3F"%( (count)/(count * one_cost /

'52356020.942"
* RFT EmAI0)RL

goos: darwin
goarch: amdo4

BenchmarkDeferLock-4 20000000 59.4 ns/op O allocs/op
BenchmarkNoDeferLock-4 100000000 19.1 ns/op @ allocs/op

e sync.Mutex i’

BenchmarkMultiNoDeferlLock-4 1000000 1099 ns/op @ allocs/op

PASS

oK _/Users/ruifengyun/aaa 4.295s 1099/10 = 109ns

|

|

———eee——————— —jOpeN 104*Goroutine

|
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channeli it

ch := make(chan Task, 3)
Hchan

alloc an hchan on the heap |

circular queue  : buf Rsesan p 2 1 0 SR :
sendindex i  sendx : E E
receive index |  recvx : ;
mutex - lock : : :
_ : : sudog : :
wait send g E Sendq E G el e = | i Heap i
. : e el g g : :
wait recv g : recvq . p=====- ] i T i O ,
: : eiem s
: closed : .---------\\D ek
L EEE TP ! : : as
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send full channel?

G1 —

ch <- task, but chan is full

\\ IS block, so gopark()

y
calls into the scheduler

o

set G1 to waiting

{

unlink G1,M _ schedule a runnable G
~—_®» from the P runqueue

G1

waiting

runnable

L

B S i T T — N TP AN T
'
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1

S
}
}
;

L Ll N s gy, APt e

resuming goroutines

G2

task := <- chan, then sender can run

| —
Noready(Gﬂ) current G
%
calls into the scheduler n

set G1 to runnable

,(

puts it on runqueue

runQ

p» returnto G2

runnable
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* go tool pprof
* go tool trace

* go-torch

* go test -bench=. -benchmem ...

tools
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link

https://github.com/gyuhen

https://www.youtube.com/watch?v=C1EtfDnsdDs

https://github.com/golang/go/tree/master/src

https://github.com/golang/go/issues
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https://github.com/golang/go/tree/master/src
https://github.com/golang/go/issues
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