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ABEEINTIZIT (runtime) FRMEYLHE], DUE TR FEITIRES. XA TR
B S RN, B E R ARG, To i MLk IR B T TR R, R A T D N AT,
RFFILNERE -

D RETHERORI B 32 . AR SCAR G2 Mt 7 WM IaK - A 5 150 33 X BRI S
WRAS T 3 S E AR, /R RS A R 25 R ST P ZE e, 1 LASKEBR At

FH R IR :

$ go version
go version 1.10.2 darwin/amd64

$ uname -a
Linux 4.9.87 x86_64

$ gdb --version
GNU GDB 8.0.1



BEHEAERE RIS, TIRme, RG2S e € TE, it
T E X R4 XA E R EIE S R A, MG SRR R R S AR )
LA ZBUMIBLH 2 58 e IXAMERE S TAERIALE], EHE RS, st 4.

PL Go Jafil, gaitioR AR P& PiaRsy - iZfT A P28, AP 2% L main.main 3
AN, B2 U E3h? anfawnasiee A UKL BAARH i

WX S, S B R . B RATS R " 7, MR E F H
FH, IR

BEAR R HATR S, IR ABEE AT IAT 3, [ GDB g &R .

test.go

package main

func main() {

s

$ go build -o test
$ gdb test

(gdb) info files
Entry point: 0x4477c@

(gdb) b *0x4477c0
Breakpoint 1 at @0x4477c@: file /usr/local/go/src/runtime/rt@_linux_amd64.s, line 8.

(gdb) info symbol 0x4477c0
_rt0_amd64_linux in section .text

WbR . A {di ] readelf. nm Z§ GNU binutils T. B#RFEAHRER
UNFE docker HHizafT, PIREFTZEANIN —-privileged S RIS, LUEM ] GDB,

RA R E R TP RF HIER M. Rk, Aisf7 RS B s F T IR cft, @ hr )
WHETS. ETRHXTAE TG, R Y BT RGBS 4



BRING 377 KO AT (-buildmode=exe)
AP 2R R A (-buildmode=c-archive or c-shared) , HRNFIEHITEE -

rt@_linux_amd64.s

TEXT _rt@_amd64_linux(SB),NOSPLIT,$-8
JMP _rt@_amd64(SB)

(gdb) b _rt0_amd64
Breakpoint 2 at 0x444100: file /usr/local/go/src/runtime/asm_amd64.s, line 15.

BAE R GAZ B o AT SEBUENT R AR BIBOA SRR, e Ry AT . =T
HRFER, HRE A B

asm_amd64.s

// _rt@_amd64 is common startup code for most amd64 systems when using
// internal linking. This is the entry point for the program from the
// kernel for an ordinary —buildmode=exe program. The stack holds the
// number of arguments and the C-style argv.

TEXT _rt@_amd64(SB),NOSPLIT,$-8

MOVQ 0(SP), DI // argc
LEAQ 8(SP), SI // argv
JMP runtime-rt@_go(SB)

(gdb) b runtime.rt0_go
Breakpoint 3 at 0x444110: file /usr/local/go/src/runtime/asm_amd64.s, line 89.

EE: BRSRAEHhE A (runtime - rt0_go) , {HZIE)F AT A o

7/

SIRTE RIS, LR 5] S 2t BB BATTR AT -

B, SERMATEM. WERG, DR — RS BBIG . BTk, 8
# main goroutine JE{F runtime.main Bl MK A FBE, B MR — TF R DL 4 4

asm_amd64.s

TEXT runtime-rt@_go(SB),NOSPLIT, $0



CALL runtime-args(SB)
CALL runtime-osinit(SB)
CALL runtime-schedinit(SB)

// create a new goroutine to start program

MOVQ $runtime-mainPC(SB), AX // entry
PUSHQ AX

PUSHQ $0 // arg size
CALL runtime-newproc(SB)

POPQ AX

POPQ AX

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

MOVL $0xf1l, Oxfl // crash (ERASHTRIL, BiLRLE)
RET

DATA runtime-mainPC+0(SB)/8, $runtime-main(SB)

PR newproc Jl A5 goroutine f£45, 5 HIANFHZITIAS o i mstare WITEZRFR BEAAE S5 4 BE
#E L AT E RS H 42 L main goroutine FE4iAT .

(gdb) b runtime.main
Breakpoint 5 at 0x4228b0: file /usr/local/go/src/runtime/proc.go, line 109.

(gdb) b runtime.newproc
Breakpoint 4 at 0x42a2f@: file /usr/local/go/src/runtime/proc.go, line 3240.

proc.go

func newproc(siz int32, fn xfuncval) {

b

ZIt, FIARE T Go W PATRF RSNG| S e, e SR 2R R e R

TEST BT ek RIS, A DSEERIU R I . DL Ry As, DN )2 T K R AN 40 79 40 FF
AEBR . WFACAET . PR BB B F BRI N 2 ﬁﬁﬂ!iiiﬂ"kﬁ/l‘iﬁ% LA, HIE
BT RROUEIATEH . DI E AL Fril “HA, A, RO,



DA RGN . ALK AR B DB AR I g i . ARJE RN . DL A RS L bR
I AT RERE BORTERIAT. RRMSEEe, AW BAER)E . & FHB SR CN AT R RS,
e, AR PR KRS IBE TR N A L, IEHTE KRB R RIS . RGP
PR E . RATAHAE LB RAEE, RO, RATE 7 50 M8Us F AR TS RE
PAT. ARFAEERFR, SRITER,

W7 AT AR A SR, SE DU (EAETERE) SCHLER . RGN FEIF e A1 .

ST

1. Matm<ToH. RIFRA. WER.
_— rt0 amdé4 _— _rt0_go 2. Bl goroutine, J317 runtime.main,
- 3. T mstart, ILELRENRERR.

rt0_linux_amd64.s asm_amd64.s



=. ¥ltafk

Har ST 2HARHNEAEREOE, wad. 58REREMRH ., UUEHE CPU
AbBRAS B

TEFF R gty CPU ARPE A B T et S8 BRE T BRAVVIZRBUT AFEHIF473R
W, HESPMB BT WEOINE, FATERNEA G K%L (runtime. NumCPU) 35 |1l )24
MR, BREE LR (Hyper-Threading) 4R,

RERBARFFRATIE S RN B S R PRES . XARGREER, KEAER
20 R P T HARAE S, DARTHERTERE. ATIRBIET . £/ B HAL PR BTt e i A
HELEIN i T BEIEAR H S R PATRR , HUN A B2 55

El

Fefy RS R AR, DU R R G AT .

runtime2.go

var ncpu int32

os_linux.go

func osinit() {
ncpu = getproccount() // RENZENIERBE,
}

debug.go

// returns the number of logical CPUs usable by the current process.

func NumCPU() int {
return int(ncpu)

}

M T, HESIBENEREERE . SZARNNEERNFER. kB, 2
KIS X NAEREETE TR WA T R ia e il 7 LA A Bl

proc.go

// The bootstrap sequence is:
//

// call osinit

// call schedinit



//
//
//

make & queue new G
call runtime-mstart

// The new G calls runtime-main.

func schedinit() {

// M ARERERS,
sched.maxmcount = 10000

// WREFHEXIEN.
stackinit()
mallocinit()

// M HEXWEMK.
mcommoninit(_g_.m)

/] FEBMTSHRAIMREEE,
goargs()
goenvs ()

// F#&tr GODEBUG HRYIEIXZS%K,

parsedebugvars ()

// ALK EIUEE,
gcinit()

// #ia poll HFE],

sched.lastpoll = uint64(nanotime())

// ®E GOMAXPROCS,
procs := ncpu

if n, ok := atoi32(gogetenv("GOMAXPROCS")); ok & n > 0 {

procs = n
}

if procresize(procs) !=

nil {

throw("unknown runnable goroutine during bootstrap")

F

55— AR R X )2 HGH 7 GOMAXPROCS 256 |fR

TE S A% O HIIR LR AE)S . B IF 04T main goroutine, HLji runtime.main pR%{,

g, AR R

. HISCFT AR LR Ta T AR . B — PG LR T

ﬁﬁ%ﬁ,@ﬁﬂmmwﬂiﬁmnuﬁ PARHRHERE . FP S 88 =07 A ntb i, A

BERREBRIARSIT I,

X AL AR AR BTG, R 2 A P 45 4 ) 7t



PAERF T (stack) ATELA 1 GB K/, X5 goroutine SLHLTT A Ko
BESETE . B NGEHE X R — 2N 25 BL%THE] schedinit B,

proc.go

// The main goroutine.
func main() {

// HEAME. (64 IRHAT 1GB)
if sys.PtrSize == 8 {
maxstacksize = 1000000000
} else {
maxstacksize = 250000000

// BEEaRE.,
systemstack(func() {
newm(sysmon, nil)

)

// AT runtime BAEIFIIATEE.
runtime_init()

// BEpATEL,
runtimeInitTime = nanotime()

// BohtiREIKES .
gcenable()

// BATRF . tnEE. B=FEVBRTERE.
fn := main_init
fn()

// MREERI, WARTHP AORE,

if isarchive || islibrary {
// A program compiled with —buildmode=c-archive or c-shared
// has a main, but it is not executed.
return

// BATAHRPAORER,
fn = main_main
fn()

// EH#HEE,
exit(0)

RIBAR, HFRZ runtime.init, main.init, PJ % main.main XA~ PN K2



//go:1linkname runtime_init runtime.init
func runtime_init()

//go:linkname main_init main.init
func main_init()

//go:1linkname main_main main.main
func main_main()

KA B 1 e de B SR, I LR BB A ROIRE R R .

package main

import (
"t
"runtime"
_ "net/http" // FRERE
_ "github.com/shirou/gopsutil/cpu" /] B=FFE
)
func init() { // BEX

println("user initl1.")

func init() {
println("user init2.")

func main() {
fmt.Println(runtime.NumCPU())

SRR IA , RSB (inlining) AIPRAL (optimizations)

$ go build -gcflags "-N -1" -o test

M AW THRRICY, g iFas il A8 inic Y1 LR%. X R PEN M4, XW
R A, HEF S RVEA 2 AR AL R S

$ go tool objdump test | grep "TEXT runtime\.init"



TEXT runtime.init.@(SB) /usr/local/go/src/runtime/cpuflags_amd64.go

o(

TEXT runtime.init.1(SB) /usr/local/go/src/runtime/mgcwork.go

TEXT runtime.init.2(SB) /usr/local/go/src/runtime/mstats.go
3(SB) /usr/local/go/src/runtime/panic.go

TEXT runtime.init.4(SB) /usr/local/go/src/runtime/proc.go

TEXT runtime.init.5(SB) /usr/local/go/src/runtime/signal_unix.go

TEXT runtime.init(SB) <autogenerated>

TEXT runtime.init.

$ go tool objdump test | grep "TEXT main\.init"

TEXT main.init.@(SB) /yuhen/go/src/test/test.go
TEXT main.init.1(SB) /yuhen/go/src/test/test.go
TEXT main.init(SB) <autogenerated>

FTOR, LS runtime.init Fl main.inite A LI H B4 R0 4A 10 BRI ECHS HHE AT 58 B -

$ go tool objdump -s "runtime\.init" test | grep "CALL.*init"

<autogenerated> CALL runtime.init.@(SB)
<autogenerated> CALL runtime.init.1(SB)
<autogenerated> CALL runtime.init.2(SB)
<autogenerated> CALL runtime.init.3(SB)
<autogenerated> CALL runtime.init.4(SB)
<autogenerated> CALL runtime.init.5(SB)

$ go tool objdump -s "main\.init" test | grep "CALL.xinit"

<autogenerated> CALL fmt.init(SB)

<autogenerated> CALL net/http.init(SB)

<autogenerated> CALL github.com/shirou/gopsutil/cpu.init(SB)
<autogenerated> CALL main.init.@(SB)

<autogenerated> CALL main.init.1(SB)

T 4R FE, runtime.init {{ 135 runtime £, main.init MAEFREE. E=FF, DL
KR AEX R 74, rAWGEEHTE main goroutine NPAT. fFIX LIk 4
WsE s, FEH main.main pREL, A B,

AE G A L IVH LN init BEHEATHER . FATRA B LE 2 W16 (8 AR B R S Ik
JPo XMR I EMIRAL. SIRIEEMR. IEFEIER . IR B s St . =AU 4 A
SCAFHZ




T & - IR B A

PR 358 -

runtime.init main.init

main goroutine

proc.go, runtime.main

17



)

—

. RFEDE

1. BEa

SrECA TR L, (BN R AR N A HE: Go RPN &R TIH LA RMBNIES
i ZLAE IS [RIF1 25 1) 4 o P IR ARG IR A R 1] temalloc, —Fh% "1 3F 4 i
BT R ERE N L es . XM NRELEES, AR AR ORI & I
FREEREZEA AL, REBEH 2k,

malloc.go

// Memory allocator.

//

// This was originally based on tcmalloc, but has diverged quite a bit.
// http://goog—perftools.sourceforge.net/doc/tcmalloc.html

WARIURDIIE N AT Blas et . EHAE P BE temalloc A Z) 8, [0 Go 177 Bl HlpdH 65
TR % HAMERAF AR, BT AT A 2L L o

5 temalloc 2R{BIH)ILA jemalloc, & ARH LRI B

BT, AR T AP T ERUN, TR s A 2R

BRI AR, (HE Y H P a0 IR 31 BRI RN R o WERZ Y7y, IR AKX B2 ]
BT RWE? R —BS PR RN A SR A E AR S, JLRAZ R BN,
X AR >R BB AT A

Go FE 7 SR ARER, BT LA 77 R AERETACARALIE P72 PRSP B

] B R K U AT 7 28, IR s TR Ay By C R RL, 2R, 8 T2 ]
AIER L~ 8 FAFRR, W ADRAEME 5 AR, BARE, HEAJLRERESRS.
Hoh, KT RZETER, BATLTIAH, HRSUNEE T .

BUER A BB E: . B2 AR ARA B ED A RANFIZE . KRR LTI, XA 24
iR o SIEAR 2 KM 2 ERA A LR, Y8 HWRE S



sizeclasses.go

_MaxSmallSize = 32768 // 32 KB

BTG, WLL 8 AEEON AL, 53K 66 FRALKE o

FEARRAR TG, class 0 F F KRR 5o

sizeclasses.go

// class bytes/obj bytes/span objects tail waste max waste

// 1 8 8192 1024 0 87.50%
// 2 16 8192 512 0 43.75%
// 5 32 8192 256 0 46.88%
// 4 48 8192 170 32 31.52%
// oc

// 64 27264 81920 3 128 10.00%
// 65 28672 57344 2 0 4.91%
// 66 32768 32768 1 0 12.50%

_NumSizeClasses = 67

PHELF T, ATREmR 67 M K. #IA7ES EAEBLZ a4 E — AP, ERZ T

size class fll size 4EHL, KSR, B makesizeclass.go 4 i

sizeclasses.go

// Code generated by mksizeclasses.go; DO NOT EDIT.
// go:generate go run mksizeclasses.go

var class_to_size = [_NumSizeClassesluinti16{@, 8, 16, 32, 48, ..., 28672, 32768}
var class_to_allocnpages = [_NumSizeClassesluint8{e, 1, 1, 1, 1, ..., 7, 4}

BTk, EROBUERR, BRI S T R RE S LRBUR HEA? kg5 BT
AREHEE T HE AL . REBARSEWLS, TERABE T RES K IRk

WU AT SR ok, BUBERE RN (size closs) M5 2RI HOK,
HBEREBT 1. ST PR IE, BRI T S0, 42 BUALSARIA kN2 e

RNAFHFRAE span.e [MiT7E span BLEZEESE size class §]73, FAEHA /N REJRFRAE object,




(g ee |k

1. M OS BRIERKRAE,
2. BERRAF,
3. RIBRRAEFEHIE,

central central o central : . M heap FKERARATZ.
size class 1 size class 2 size class xx . 2. #% size class RIftHE.

[

cache cache cache E . M central JRERATEER,
thread 1 thread 2 T thead n ' 2. AEAISERHTBIRED .

_________________________________________________________________

-

DUZHEEHHERAE (heap) RRRIAIRIERGEHIE —KBNE (D 1 MB) |, Db RGE0H
MK, RTHERE. EIRRSTEHARMEHA KRN (span) , KM G HE B2

HE) R (central) MMESRIUCRBLNAE, AT IR BLE N At A AL 42
WAL, DIEER. B, AREBUSE RSP0 B A R dnitkar /gt
R, BE— B PRTHER . SR, WP EFERARBUN RN AE I R B RS, @A ]
M AR IRSS  FFFESESr

BJG— R E TELRBEMEFATT (cache) o BN EFRAFREONFEEL, MU RN
TR . R IE25 3 BOER . A RIEN AFLETE S, B X BLA) o To Bl A
MRS, EEINFHE SN, BS5HMERES.

HIRWAE (coroutine) FEHAZAE LB RBH, (HHMITRRZBITH

b, FHIFRGHR. FONER T HAM, BANEFTZEYL.



NS T (] R ER A R s e (BRBEAEER) BIRR A A Il Br L, M
IR AE AL R R B A AR BN A R SR Sk, LA I A B LR — A
BT WK RN A

cache M\ central #tRIREUIRAE, SLFRIREL 558 span. FR4 . span K/ E R ?

A VB, heap MIRAERGEHIENAFIT, JURBCER/N 1 MB, R REWHRATEE: HIK, 78
central [i] heap {E3RIN, x4 size class FHARBLERNIETHHE, LR BN E R PIB
TEECI, 23R S AH SR HLEEAR A T Y span & 3F, LATE B K AT 4] 43 2816«

AT, R HRIRI T 50 MR MUAR /NI BAUEERT T 3 4, B
RN AR T 3 A4 XE @B EIRE, BN AR R E S IR DR
A EERG T R Ay O NG AF BT IR rp R A, DUBEZR oM 2 A AR A, X R T S
ERIVEESUE SV G

AT, HE R AR E I (FEn$ AT AR WTRE IR 245 /e, {HIEE
JEi XL AFHPR I A PR B At SRR S B gy e BB ) R R
S At TR AR, U190 s — PR IR N AR B I A 55 — S TR S A

1. Y& span KEZ heap.,
. 2. f#HEf central EXK,
ZRF T ﬁ
central central central
size class 1 size class 2 size class xx
— R T 1. ¥§k{EMA object EIKE| central,
2. {EAM cache (£,



MU EdaR s, o DUE H Z A TAEVLRI AT R . ET NS, RAERR
=0

2. 461k
WAF o BCE 5 B AR TS b .
BT A B AR . X R IA AN I B, AT N A0 BO R B B el e A A RS,

U AR AR TR QA AP A — R f e, 7 DL t0 —
B RO A TR DU %31 50 ) R R

B LERUTPREL, TLhraT1% 5 A FE7r BURXS G, U] i R 5 ek b e
REMFI I AL 7ERXANSVER, H X A L FIR A B Rtk 2 )7 7 —— X . R
%oWM%Eﬁﬁﬁ%%%%m$w£m?%$%%%@ﬁﬁ%%ﬁ%%%?%%%ﬁ?

FAVREGA HEREA A L bl 2 1] AE EYIENAE, 64 (L RS E K ik
A R RANEE R, E2FEM BN, AF BRI,

IR, SEBRIEOLT . BATTIEGIT N AF IR W o AEATI 5, 8 B A A7 NI 51 &
FEEPERE A, XARAHEASE R . TR, SURSCYBE A A7 T AN R AL P A7 e 2

WIE B RN A KR AGE AT AR AR AR e PR B P A S, e P B P9 A
. FURMSTEREEIA . HNAFIRIHETE . PO R IE AR BN A7 S B



BRI ) READL A A7 PR TN . 51 BhTURH . RIERS A S LA BN A7 . Witk
. AT

DB JE A2 AT PR et . 5 AR 1 [l
AR, DA (swap in/out) « BRITFHE (page fault) ZEHE&ELAME IR

AERRP NG, BRREEHEYA, BT Erf ik 2= W, g ks R T,
e, RIRVES BOANS . R B EORTERE . DRI RE

AT SR 7 T -

HIREIKARICAIE

< spans  bitmap ! arena )

R&EX: page -> span BPYSROEXE

ALK (arena) LA PR R A HUEZS H . 244E (heap) [a#R4E R 58 HIH R
WAFIS, Sf It KR A 2 H R N RGP o S8R I IR AE T — IR B AL

Linux mmap. Windows VirtualAlloc Z2#8 0] £ N2 1G5 bk 245 .
FAb, IBAT I N G A i RIS R R, ASHE arena JEHE A 43T

index = (object.address - arena.start) / step

HE XA (bitmap) SEAZEIEARE . AR RIBHILA ZHEHIOL, AR ICHK B
W&o il (spans) MPRNFATT (page) FIHAPXR (span) AL, BETEN A EIC,
LR IR o [RIIE, % 238 T 5 e Mk AR 4R R BN A7 FDIRZS . DUEH 2 A
ARG IFRE RN AFH, DRER . IS 73 AT K o

TREEEA SR G . BA DT AR ST R A AR .



mheap.go

type mheap struct {
spans [Ixmspan

bitmap uintptr // Points to one byte past the end of the bitmap
bitmap_mapped uintptr

arena_start uintptr
arena_used uintptr // Set with setArenaUsed.

arena_alloc uintptr
arena_end uintptr

PAFAT RN 73 BUAL B ORAFAE mheap 2544, FEXTAR 1L R HE1T B AL

BRI A I KRN, AR RS OR B N AR A S A X 5 40 O
ES . 288, ILRAEIUOR B Mk 2 a], A B BN 7 o

RS R G M TR, B —A Go R/7, WRA{U H “hello, world!” #1.2x  IAR KA 17
ki FATE T B REE BAA S X, s E IR A A Y B A5

malloc.go

func mallocinit() {

// ItE spans. bitmap XigA/\,
var spansSize uintptr = (_MaxMem + 1) / _PageSize * sys.PtrSize
var bitmapSize uintptr = (_MaxMem + 1) / (sys.PtrSize x 8 / 2)

// 64 fiR%,
if sys.PtrSize == 8 {

// BITFRERXEAN,
arenaSize := round(_MaxMem, _PageSize)
pSize = bitmapSize + spansSize + arenaSize + _PageSize

// EMEETERIBME (0x0000XXC000000000, XX = 00 ... 7f) {REZHbHEZS|E]),
for i := 0; i <= Ox7f; i++ {

switch {

default:

p = uintptr(i)<<40 | uintptrMask&(0x00c0<<32)

// {URBEMAFII, HIEDEAZ.
p = uintptr(sysReserve(unsafe.Pointer(p), pSize, &reserved))
if p =0 {



break

// WHESSST, FHIEE,
pl := round(p, _PageSize)
pSize -= pl - p

// it& bitmap XEEE. (mheap.bitmap 1E@EZR)
spansStart := pl

pl += spansSize

mheap_.bitmap = pl + bitmapSize

pl += bitmapSize

// itE arena XiEEE.,
mheap_.arena_start = pl
mheap_.arena_end = p + pSize
mheap_.arena_used = pl
mheap_.arena_alloc = pl

// ARHHEIRTS, B3 mheap.spans,
mheap_.init(spansStart, spansSize)
_g_ := getg()

_g_.m.mcache = allocmcache()

WAL R B E J4 . arena K/NAFRSHE ., ERR 512 GB, #4514 OOM £5i%. i
bitmap F spans DLt 43 A 315

Fi I size class FM), /)N object & 8 7,

IRZSNLIE bitmap A EEANXFRARHE 2 A~ ZHEHIAL, I AH KRR AK:
bitmap.size = arena.size / min_object.size * 2 / 8 16 GB (R PFIZ45%%, FrLIERLL 8)

e spans & FE T page, Xf WAL
spans.size = arena.size / page.size * pointet.size 512 MB (FEMERE)

test.go

func main() {
a := [512 << 30]byte{} // HE 512 GB, 3|% O0M,
a[512<<30-1] = 1

$ go build -gcflags "-N -1" -o test && ./test



runtime: out of memory: cannot allocate 549755813888-byte block (753664 in use)
fatal error: out of memory

ETREBEST RNEIET N, X5REHASEA K.

PROT_NONE: Pages may not be accessed. Accessing PROT_NONE memory will result in a segfault,

but the memory region will be reserved and not used for any other purpose.

MEM_RESERVE: Reserves a range of the process's virtual address space without allocating any

actual physical storage in memory ot in the paging file on disk.

S reserved IR IESS AL BAR B BRAER T I o

mem_linux.go

func sysReserve(v unsafe.Pointer, n uintptr, reserved *xbool) unsafe.Pointer {
p, err := mmap(v, n, _PROT_NONE, _MAP_ANON |_MAP_PRIVATE, -1, 0)
if err '= 0 {
return nil
b
*xreserved = true
return p

mem_windows.go

func sysReserve(v unsafe.Pointer, n uintptr, reserved *bool) unsafe.Pointer {
xreserved = true
v = unsafe.Pointer(stdcall4(_VirtualAlloc, uintptr(v), n, _MEM_RESERVE, _PAGE_READWRITE))
if v != nil {

return v

2T heap.spans % E, HIFE mheap FIGR1L RS E

A unsafe 53X, K heap.spans PAER - BEAa i X B OR B DX 4o

mheap.go
var mheap_ mheap

func (h xmheap) init(spansStart, spansBytes uintptr) {
sp := (*slice)(unsafe.Pointer(&h.spans))



sp.array = unsafe.Pointer(spansStart) // 18@E spans IEFHEREA.

sp.len = 0 // #MEH len Fl cap FE.
sp.cap = int(spansBytes / sys.PtrSize)

OR B HLhE =S W] 58 o , SEBR L P NAFIE 2R BL. WA ERINF E L0 i, RIERSM
ARb o SRS WBL N AF, X EHNAAE BT A K.

U 3 <CRABRRETTEANLR G BRI & AR T

3. 7B

FAVHGE . ik SR SR TR FCfERR b, XA B Tl hi 3k [ s g, AR T
PERE. L, RAEIRE R LN RANTEN A7) e de B T

BRAZ. FxLLb, HRHIT (goroutine) FfFthATHL AR LM R B X BRI, %5
FEMAT B, WA CEAE, NS W U, Jod A7 o [ 45 B4
AR, R T RSN BCRR AR, HERE B AR B R AR 2 o HXRIR EER TS, B
NEPIER—X R BHERDT, EITERBHANT .

ET R AT BAERERSE, Hgmifardesg . MRS,

package main

func test() xint {

p := new(int)
*p = 100
return p

s

func main() {
p := test()
println(p, *p)

BT R EITE  5W FOAL LAY R E B R RN B A

$ go build -o test -gcflags "-N -1" i RIERAMAEK, fHHARR.



new(int) escapes to heap

$ go tool objdump -s "main\.test" test
TEXT main.test(SB)
CALL runtime.newobject(SB) ; T EDEERTE.

Hfi F] go tool compile -h I go tool link -h #FF 4w i3 flEHE S 44 o

ARBENE, JaXnid, RSP THENAE 7 BLATT

MG R, HEAEEERES . AETERBMERE, SARBEANT, REHRERA
R LT

malloc.go

func newobject(typ *_type) unsafe.Pointer {
return mallocgc(typ.size, typ, true)

b

XFHNZRIST S, AR FREE. TS AMRE K%k, SE AR AR
Wt HEED TSN, X5 N g A - SO T AL EL, SRR
FRPARIAATT . DU T B B

malloc.go

// Small objects are allocated from the per-P cache's free lists.
// Large objects (> 32 kB) are allocated straight from the heap.

func mallocgc(size uintptr, typ *_type, needzero bool) unsafe.Pointer {

if size == 0 {
// BRENZR ...

if size <= maxSmallSize {
if noscan && size < maxTinySize {
// BN (tiny) NERHE ...
} else {
// NRRDE ...
}
} else {
/] RNRDE ...



MERFRRE ., URKEADEORME S, AERE. AHRFMAM R =K Ho /g gn]
s RN (tny) SR, HERRDS TS RAFREE

31 EKEXNZ

BB 2 R TR BER SR

R, size O Fl nil AE—mF,

HIiE LB —NEENR . BIERA LT EGNE. MEE, WEE N REDEHHR. BN
TREMNRNBETED, B AR ERATR R — AL 8. (B2, FNAAHE TR R, B
I R

test.go

package main

func test() (x[@]int, *struct{}) {
var a [0]int
var b struct{}

return &a, &b
}

func main() {
pa, pb := test()
println(pa, pb)

$ go build -o test -gcflags "-N -1 -m" i ZRAREX
&a escapes to heap
&b escapes to heap

$ ./test
0x4c2a00 0x4c2a00

WE RS, W RILE BCfERR Lo XATE, FREEH T ERER R

$ go build -o test -gcflags "-N -m" ; ITFHEE
can inline test

main & does not escape

main &b does not escape



$ ./test
0xc42003ff40 0xc42003ff40 3 Ak

(gdb) p pa
$1 = ([0]int %) 0xc42003ff40

(gdb) info frame
Locals at 0xc42003ff30

WHTRESE BT BC, AR BB R — 2 R A A .

malloc.go

// base address for all 0-byte allocations
var zerobase uintptr

func mallocgc(size uintptr, typ *_type, needzero bool) unsafe.Pointer {

if size == 0 {
return unsafe.Pointer(&zerobase)

3.2 KAt &%

MRS Eaid . RRIENAFEEA L. BAEEFHRL T, 5 R R R AR
A, e RS MO S R AT BB, ANtk 23 ITALEE B AR AT A B

HRMEF RN R B FARCAR . Go A E UHRK/N EFRD 1GB, RIHAR FAr Btk

malloc.go

func mallocgc(size uintptr, typ *_type, needzero bool) unsafe.Pointer {

// RKF 32KB HIRANR,
if size <= maxSmallSize {
} else {
systemstack(func() {
s = largeAlloc(size, needzero, noscan)

})

TEHE LArHCIS , B4 heap FRECK/NEIEH N7 B



malloc.go

func largeAlloc(size uintptr, needzero bool, noscan bool) *mspan {

/] RRAFATTR RN,

npages := size >> _PageShift

if size & _PageMask != 0 {
npages++

¥

// BEiEM heap FKEXNATFR,
s := mheap_.alloc(npages, makeSpanClass(@, noscan), true, needzero)
return s

3.2.1 & 3
WF PR ARG, A5G T % heap T HR N 3k

WIS BRI free 1 busy 3k “H T A R BiARA. ST, daR
AF 128 TR, LA AT R TR, BRI B

mheap.go

type mheap struct {

free [_MaxMHeapList]ImSpanList // free lists of given length up to _MaxMHeaplList
freelarge mTreap // free treap of length >= _MaxMHeaplList
busy [_MaxMHeapList]ImSpanList // busy lists of large spans of given length
busylarge mSpanList // busy lists of large spans length >= _MaxMHeaplList
}
malloc.go
_MaxMHeapList = 1 << (20 - _PageShift) // 128

WA free LITHONZG], TCE R B 20 [R] TUACH PO 77 BT 4 Jl g2

mheap.go

type mSpanList struct {
first xmspan // first span in list, or nil if none
last xmspan // last span in list, or nil if none



type mspan struct {
next kxmspan // next span in list, or nil if none
prev skmspan // previous span in list, or nil if none

WHE freclarge S — AR ZM, LANAFBGTECHE IS I D HEP 55 1. TR ER/NEH . H
HuhESERTH A A7 IR, FORE AR best fit & 5 5035 S8

mgclarge.go
// Each treapNode holds a single span. The treap is sorted by page size
// and for spans of the same size a secondary sort based on start address

// 1is done.

// Spans are returned based on a best fit algorithm and for spans of the same
// size the one at the lowest address is selected.

iR

Q 5 ; 1 2 127

1. X pages (<128) H%3|,
2. 7zfi spans H&&.

1. 8% node fFfE—" span. T —— ‘
2. % pages #l address HF.

L LARTIRAS . JH 5 M 254 vt B S BIeG. LATEON R I BER A, PamDi
FIZR, HARBOMBIMEE T . BTFERIE, HHEERS, RIEGH L IIREE,
[e] I S B 7 Ji S B



3.2.2 3 B

TREME RS, RAREHIEMTII.

mheap.go

func (h xmheap) alloc(npage uintptr, spanclass spanClass, large bool, needzero bool) *mspan {
systemstack(func() {
s = h.alloc_m(npage, spanclass, large)
1)

return s

func (h xmheap) alloc_m(npage uintptr, spanclass spanClass, large bool) smspan {

// M heap REXATFIR,

s := h.allocSpanLocked(npage, &memstats.heap_inuse)
if s !'= nil {
if large {

// T\ busy FEFRENAZMIHE,

if s.npages < uintptr(len(h.busy)) {
h.busy[s.npages].insertBack(s)

} else {
h.busylarge.insertBack(s)

b
b

return s

WA IR, MACHRSIF, KB 2530 HIEZO N AR T XA Tk

HOL, MIRE AR free £ NI RBONR T HHVIRWE? BER05E 5 A AT
BT R T RENZ, NERTEVIREN , s d R, Hook by 4 R R T RE 3 W H
WG, BLit, FEfh R 4kgi sl e L8R3, IR M ERIE RS HERT N A

15 TRcA, ARamis 163 17 TR EER K.

UNR free P IR, AR ALKLEA LK freclarge. FALT, MIABRIEREHIERNGF. B,
RBAECAH N A BR8] 25 8 e HE I i AR A o



mheap.go

func (h xmheap) allocSpanLocked(npage uintptr, stat *uint64) xmspan {

// MIEETIEGE, 1w free PERENA.
for i := int(npage); i < len(h.free); i++ {
// MEERLEBIRENVAFIR,
list = &h.freel[il
if !list.isEmpty() {
s = list.first
list.remove(s)
goto HaveSpan

// ¥ freelarge B&EH,
s = h.alloclLarge(npage)
if s == nil {
// ¥EK, ERERSTRIEHANG (&2 1 MB, 128 pages) .
if !'h.grow(npage) {
return nil
)
// FEIBERERIE freelarge, 1REY,
s = h.allocLarge(npage)

HaveSpan:

/. DEIZRAE, BETT ...

return s

3.2.3 - #|

MBS FER . FraR Il AR/l R I U0 el S AR BIALEE , R A 77 iR
B, ERTEIRALR DAV AL WIE BN 2 BRI GN, B DL 5B IR 1B K /NG T B A A e
RUR R Ao

mheap. go
func (h xmheap) allocSpanLocked(npage uintptr, stat *xuint64) smspan {
// REAER, #ERLET ...
HaveSpan:

// SNRTIEGEBL AR, M#EHTHE,
if s.npages > npage {



// BIiEFh mspan W&, ATEEDEITREAER.

t := (xmspan) (h.spanalloc.alloc())
t.init(s.base()+npage<<_PageShift, s.npages-npage)
s.npages = npage

// TEDEITREUAFRES|, HEWX heap.spans REXRAR.
p := (t.base() - h.arena_start) >> _PageShift

if p>0 {

h.spans[p-1] = s // s_spans REBiHFR
+
h.spans[p] = t // t_spans kERHR
h.spans [p+t.npages-1] = t // t_spans REBHOFR

// BHEITREAFRIE heap, R5IKRAFREHIRE,

h.freeSpanLocked(t, false, false, s.unusedsince)

// WBREIS, HEM span IEEHET heap.spans REX.

p := (s.base() - h.arena_start) >> _PageShift

for n := uintptr(@); n < npage; n++ {
h.spans[p+n] = s

return s

TEXH, BAVEE|T heap.spans FRfrfliN 7, BUENAFHE XS mspan $5%f.

heap.spans N &~ K

spans

mspan

arena

o
Q
Q
0]
-
o
Q
Q
(0]
N
o
Q
Q
0]
w

.............................................................



3.2.4 &3
AERDEFR, BRI E, R NAFPLIE heap, #RH 5| % G IHRIE,

Wit spans LA, AT 22 A M AR A B INEAIAL T B EIRES . LT AR
Yo ik, FERARRER A 2SI, RRE M E 16K, AT

mheap.go

func (h xmheap) freeSpanLocked(s s*mspan, acctinuse, acctidle bool, unusedsince int64) {

// i ET span M busy EBFZi&,

s.state = _MSpanFree

if s.inList() {
h.busyList(s.npages).remove(s)

// it®E span R3|8,
p := (s.base() - h.arena_start) >> _PageShift
if p>0{
// @id heap.spans EEHZLMHESE span,
before := h.spans[p-1]

// WMREM span FE, BATF free S, WEHEIZHE] span,
if before != nil && before.state == _MSpanFree {

// HELHE] span Bk,

s.startAddr = before.startAddr

s.npages += before.npages

// HEZR5|S, 184 heap.spans AA,
p —= before.npages
h.spans[p] = s

// BEM span MIBXFIEREER.

if h.isLargeSpan(before.npages) {
h.freelarge. removeSpan(before)

} else {
h.freeList(before.npages).remove(before)

// &AM span,

if (p + s.npages) < uintptr(len(h.spans)) {
// &l span,
after := h.spans[p+s.npages]

// MREE, BATF free RS, &3,

if after != nil && after.state == _MSpanFree {
// BEHE] span Bk,
s.npages += after.npages



// 1B heap.spans AR,
h.spans [p+s.npages-1] =

// BEM span MIBXFIFRELR.

if h.islLargeSpan(after.npages) {
h.freelarge.removeSpan(after)

} else {
h.freeList(after.npages).remove(after)

// ¥ span (HEFBSHEM span) MAEETIR,
if h.isLargeSpan(s.npages) {
h.freelarge.insert(s)
} else {
h.freeList(s.npages).insert(s)

b
}
Al 'y, = = =
HIFRSRERE
1. spans A8 page icF span &t
2. DUFITERIEMA span i85,
p-1 p p + s.pages
spans ! .
mspan before

3.2.5 HiE

SCFEIAT N AF PR AN L LU TR I, A AR R UL B

FTIEREH I, MR AHIEEB RN Z R RO GRS, HOVFHiE
TR ARG, R4 REA S S B H o ECYI B N A

mheap.go

func (h xmheap) grow(npage uintptr) bool {



// Ask for a big chunk, to reduce the number of mappings
// the operating system needs to track; also amortizes
// the overhead of an operating system mapping.

// B=F 64 KB &%, BEF8ETF 1 MB,
npage = round(npage, (64<<10)/_PageSize)
ask := npage << _PageShift
if ask < _HeapAllocChunk {
ask = _HeapAllocChunk

// BRIERGZRIBEAF.
v := h.sysAlloc(ask)

// Bl mspan #HITEIE,
s := (xmspan) (h.spanalloc.alloc())
s.init(uintptr(v), ask>>_PageShift)

// T8 heap.spans % mspan }g%t.
p := (s.base() - h.arena_start) >> _PageShift
for i := p; i < p+s.npages; i++ {

h.spans[i] = s

// H[El heap, EWMEFHIERE.
h.freeSpanLocked(s, false, true, 0)
return true

malloc.go

_HeapAllocChunk = 1 << 20 // Chunk size for heap growth

SRR TAENAE AU arena, jEELHFE bitmap I spans, URFA RPTCEE, B170
HHRHUFIARA T TAE. BrEL, BRI 5K X MRS NAF

malloc.go

func (h xmheap) sysAlloc(n uintptr) unsafe.Pointer {

// SEENE, #R arena EAREHBZE,
if n <= h.arena_end-h.arena_alloc {

// EE{ER arena_alloc fERHERFCIAMIE,

p := h.arena_alloc

sysMap (unsafe.Pointer(p), n, h.arena_reserved, &memstats.heap_sys)
h.arena_alloc += n

// 7 heap.spans # heap.bitmap E$HDEATE,
if h.arena_alloc > h.arena_used {



h.setArenaUsed(h.arena_alloc, true)

return unsafe.Pointer(p)

mheap.go

func (h xmheap) setArenaUsed(arena_used uintptr, racemap bool) {
// B$5E heap.bitmap, spans R7F.
h.mapBits(arena_used)

h.mapSpans (arena_used)

h.arena_used = arena_used

FHRF B :
mheap.arena_alloc: R4 B AL
mheap.arena_used: SiEHihEB A, KEE spans, bitmap NIEE 4L

ZEF sysMap, TIRREKEHRGHA, HELZ PWETF .

mem_Llinux.go

func sysMap(v unsafe.Pointer, n uintptr, reserved bool, sysStat *uint64) {
p, err := mmap(v, n, _PROT_READ|_PROT_WRITE, _MAP_ANON |_MAP_FIXED|_MAP_PRIVATE, -1, 0)
}

mem_windows.go

func sysMap(v unsafe.Pointer, n uintptr, reserved bool, sysStat xuint64) {
p := stdcall4(_VirtualAlloc, uintptr(v), n, _MEM_COMMIT, _PAGE_READWRITE)

b

3.3 NI &
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331 2%

BISCER N2, ZRifkrp, 47 (cache) EHEEMUATRRR BN RIS Witt, A
WAL ST IR o

FAF PR (allo) FHEEAMAEYE, BARE—FIR VIS (size class) .

mcache.go

type mcache struct {
alloc [numSpanClasses]*mspan // spans to allocate from, indexed by spanClass

b

B, PSRRI ARG BV REA . SMERANFERNSR, R G AR
A 43 AF scan I noscan P28, F5EHPE T LR B RR S HEGR A, SR T AR EA
[CEZ RIS

BAHARBETURIPIRE, BB IR IR A noscan il scan JAN Y7L
mheap.go

numSpanClasses = _NumSizeClasses << 1

type mspan struct {

spanclass spanClass // size class and noscan (uint8)
elemsize uintptr // computed from sizeclass or from npages

RAHAEFIE AR T Z ()8 spanclass Feffe, SHkARF T 8 KRS 288 — A ki,
R AR I -

spanclass = sizeclass << 1 | noscan

Eeanist . size class 3 giA7 N~ Mifh 5] -

0b110
0b111

I
@)

0b11<<1 0
Ob11<<1 |1

; scan

I
|

; noscan

mheap.go

type spanClass uint8



func makeSpanClass(sizeclass uint8, noscan bool) spanClass {
return spanClass(sizeclass<<1l) | spanClass(bool2int(noscan))

func (sc spanClass) sizeclass() int8 {
return int8(sc >> 1)

BToR, HIERRIERRIRAGRABUAE , BEMANAFFARC, AN BH LR .

malloc.go

func mallocgc(size uintptr, typ *_type, needzero bool) unsafe.Pointer {

c := gomcache()
noscan := typ == nil || typ.kind & kindNoPointers !'= 0

if size <= maxSmallSize {

// BR, REIKXKNE,
if size <= smallSizeMax - 8 {
sizeclass = size_to_class8[size...]
} else {
sizeclass = size_to_class128[size...]

// TTEHERS|, REFIEIINA span,
spc := makeSpanClass(sizeclass, noscan)
span := c.alloc[spcl
// M span WIREX object,
v := nextFreeFast(span)
if v ==10 {
v, span, shouldhelpgc = c.nextFree(spc)

x = unsafe.Pointer(v)

return x

3.3.2 # Bl

Frig gy, SURHERUAE /NS G0 B3 20 Be stk . AR B D B



EHXR MM (allocBits) SRICHAFIEADIRZS. RN, JydEfe A 0E, mRH %
17 BL (freeindex) R ERIMECALE, DA 73 BUkS ko

mheap.go

type mspan struct {
nelems uintptr // number of object in the span.

allocBits *gcBits
freeindex uintptr

allocCache uint64

type gcBits uint8

AEESCAARTY . FRAM A T 1 i AR

BRI REAS span (O —FPRLIEIRST . 04 DR HALAE object 22 @ i A [ 4 21w A
515, BUAETH AL SR At o

malloc.go

func (c xmcache) nextFree(spc spanClass) (v gclinkptr, s xmspan, shouldhelpgc bool) {

// 3REXTF—"1""F object %5|,
s = c.alloc[spc]
freeIndex := s.nextFreeIndex()

// MR EERRZTE,
if freeIndex == s.nelems {

// M central ¥ &.
systemstack(func() {
c.refill(spc)

)

// ¥ BE, EMIRN.

s = c.alloc[spc]
freeIndex = s.nextFreeIndex()

// BEFSITERF I,
v = gclinkptr(freeIndex * s.elemsize + s.base())

FEAET freeindex Y] T AE.



A BETIC RN, HEP R AE R i, R 64 7% (allocCache) Z24F
PL P Bk e T TAERL R, Jtfg CPU cache MLl BEH05E ., BBTLIBEBNGT i, Bk
EZS e[ VRS R I e VAL L N

TAERER:
1. freeindex iERINFHEAE .
2. Tl 0 RERATA.
allocBits 1 0 0 0 :
freeindex
N
E ' 1. M freeindex #2, 4&7F allocBits {iE FEX.
allocCache 1 1 ! 2. MallocBits A HHIMIREE, B,
: ! 3. Tt 1 RRATA.
. ! 4. FIHEAL 0 EM ALK EI AT AL,

mbitmap.go

// nextFreeIndex returns the index of the next free object in s at
// or after s.freeindex.

func (s xmspan) nextFreeIndex() uintptr {
sfreeindex := s.freeindex
snelems := s.nelems

// freeindex 1EMEDB, RERIAZIE,
if sfreeindex == snelems {
return sfreeindex

// REBEEFRE— AL,
aCache := s.allocCache
bitIndex := sys.Ctz64(aCache)

// TBRML, RIFEEF. (EEHEZNBEROEEAA, BHFREEBTAMNIE)
for bitIndex == 64 {

// MIEIETE 64 UiE,

sfreeindex = (sfreeindex + 64) & (64 - 1)
whichByte := sfreeindex / 8
s.refillAllocCache(whichByte)

// EFTE.
aCache = s.allocCache
bitIndex = sys.Ctz64(aCache)



// TEETUENERURS,
result := sfreeindex + uintptr(bitIndex)

// BEEFLHE, BEREE freeindex f&.
s.allocCache >>= uint(bitIndex + 1)
sfreeindex = result + 1
s.freeindex = sfreeindex

return result

MALEIA SRR B A7, S PEATHUR R Wil P O R HIAL, A7 2 1 AL
FIE 245K 33 -

allocCache: 11...11000100
H L

LGS (Cor6) (0 0 Bk, S TR (bitlndex =2)
2. BTNV E R LRG| (result = freeindex + bitlndex)

3. A%, HBREKRER B (bitlndex +1, FAK)

4. [A 315 1E freeindex {f (result + 1)

allocCache: 00011...11000 /] 55k 3 i
H L

W AR ERE R BJE, BUICOATRIRALGE TRV, R e, WIER b, A% B
FHU . ELgn, 0000 ANEMMALRE . HASALER, B 1111 Ak 0111,

AN, Bk g2 EE allocCache 1 freeindex {H .

fLoe A . BATLRPMM, AEFE, ™Y F, —UIhERELEE .

func nextFreeFast(s xmspan) gclinkptr {

// BETFEEFERABIAL
theBit := sys.Ctz64(s.allocCache) // Is there a free object in the allocCache?

// IRE,
if theBit < 64 {
// TEETFAENERS,
result := s.freeindex + uintptr(theBit)



if result < s.nelems {
// TEEEREIE,
freeidx := result + 1
s.allocCache >>= uint(theBit + 1)
s.freeindex = freeidx

// RERIARIAF I,
return gclinkptr(result * s.elemsize + s.base())

333§ &%

PRI, K AR A 18] B AR SRS . DUGERLI [ o BEAT F 8 A0 [T
W5 DA A S BRI P A B [ 45 4

mcache.go

func (c xmcache) refill(spc spanClass) {

// BRFRHE] span IR,

s := c.alloc[spc]

if s !'= &emptymspan {
s.incache = false

F

// M central 3REW#f span MEIZA.
s = mheap_.central[spc].mcentral.cacheSpan()
c.alloc[spc] = s

SR, AR A scan Fl noscan 243, Jf HHEFELT S —E B

mheap.go

type mheap struct {
central [numSpanClasses]lstruct {
mcentral mcentral

F

H R ER A A BER LA PRI 7R



Horp, empty 3k “TEMH" K& FHBERIREZN, BPHLHEFHI NG WY
i) noempey NIFAHA TR 2], AR BEIRST BN B

BB EWR . HEAREIR span A2 ] A BRI ] o A ARG H B A 2 HoA R 8 ]

mcentral.go

type mcentral struct {
spanclass spanClass
nonempty mSpanList // list of spans with a free object, ie a nonempty free list
empty mSpanList // list of spans with no free objects (or cached in an mcache)

FERX L, 2R B e AT — R B, B N AR ERAT SR I B R RS, XK
R B FATZINAT X

B m g 1 R G T 8As  (heap.sweepgen) SRR . ERRTFELERAE, %S +2.

span.sweepgen =
sweepgen - 2: Jidl Ebnic, TREIEH .
sweepgen - 1: IEYERHL,
sweepgen : FEHSEAG, B LA AT

mheap.go
type mspan struct {

// sweep generation:

// if sweepgen == h—>sweepgen — 2, the span needs sweeping
// if sweepgen == h->sweepgen - 1, the span is currently being swept
// if sweepgen == h->sweepgen, the span is swept and ready to use

// h—>sweepgen is incremented by 2 after every GC

sweepgen uint32

HSER A nomepty F LA RIR A BN AFD . ET IR ECERIF & DMFER, oD
Mo S RAFHRAE R . W50 S8 IR BLRAE . DIRBUCE 2 W] HI 25 ]

U noempty FATIR ], ARLAEEKE empty FI5L, BHNIE empty B AR E 4R
brid, REEHERA S B G Bl REBCA SR, A RN A



mcentral.go

func (c xmcentral) cacheSpan() *xmspan {

lock(&c. lock)

sg := mheap_.sweepgen
retry:
// BHERRZBHNAFRER.
for s = c.nonempty.first; s != nil; s = s.next {

/] FEFE,
// EREIIRTS, FeikigE empty FIR,
if s.sweepgen == sg-2 && atomic.Cas(&s.sweepgen, sg-2, sg-1) {
c.nonempty.remove(s)
c.empty.insertBack(s)
s.sweep(true)
goto havespan

// WRIEFEERE, I, (FIEEIE# bgSweep ZEfM cacheSpan 4b3E)
if s.sweepgen == sg-1 {
continue

// ELFEEN, BEER,
c.nonempty.remove(s)
c.empty.insertBack(s)
goto havespan

// BRHEERRZENIIR, SFEHTAZE,
for s = c.empty.first; s != nil; s = s.next {

// BEFE,
if s.sweepgen == sg-2 && atomic.Cas(&s.sweepgen, sg-2, sg-1) {
// #RE| empty FIREDE.
c.empty.remove(s)
c.empty.insertBack(s)
s.sweep(true)

// MERAXRS, EEREEUAZE.,

freeIndex := s.nextFreeIndex()

if freeIndex !'= s.nelems {
s.freeindex = freelIndex
goto havespan

// BEERAREFRTIE,
// Eif noempty, RNEEXITHE,
goto retry

// EEHERE, .



if s.sweepgen == sg-1 {
continue

b

// HWRRGER, NEERERERRTEN, #EME empty EE, B sweepgen == sg.
// FRBLBRIXENNEFRE, RAEHLEENE, BEELERT.
break

// =g, M heap ¥'&, HEERAE,
s = c.grow()
c.empty.insertBack(s)

havespan:
// ®E span XS,

s.incache = true
return s

AR, X empty B ASRIC T EIAZREE . — BESIOARRE, SEANE T 3L H noempry B 3£
FIRAKL, central PEATYI48AF, KI5 object freelist, BUFERIH T .

EFHEEEA S A RE, SRRRNFEME R, .

mcentral.go

func (c *xmcentral) grow() s*mspan {
s := mheap_.alloc(npages, c.spanclass, false, true)
return s

3.3.4 Pr/NAT %

TR (tiny) KBE/NT 16 97, Bl IR NFAF B o MR 2 MU RALE
K, FHHNAE (object) FEif, AR NAFIRE

malloc.go
maxTinySize = _TinySize
_TinySize = 16

_TinySizeClass = int8(2)



A IRIEHEAR RN (riny size class) BU—HRNAE, £ THNGGA R, MRART
2, AR b

mcache.go

type mcache struct {
tiny uintptr
tinyoffset uintptr

IR, BEORRR I 2, HORALE BB/ R AN BE R & 485 . BRI A7k B0 BT A 6ol
AR RERANTT IR, N AF A RE B

W A E (tinyoffset) WL JAIWT o AR 25 (A2 AR 7K o QSR ATLL, DLk dt 3Rz [l
k. AR, MSRBCHN A, REGEGHBLER . K5, SHHFIERRNAE, B TR
a3 ) B R AR Bk

malloc.go
func mallocgc(size uintptr, typ *_type, needzero bool) unsafe.Pointer {

if size <= maxSmallSize {

// MERDERMINIRESR.
if noscan && size < maxTinySize {

// HEIATFER (cache.tiny) HEMUE,
off := c.tinyoffset

// MRFIRZEEUNDE,

if off + size <= maxTinySize && c.tiny != 0 {
// TERFHLE, FE TR RUE.
x = unsafe.Pointer(c.tiny + off)
c.tinyoffset = off + size
return x

// MERRZEARE, MM cache EFFE—IR object,

span := c.alloc[tinySpanClass]
v := nextFreeFast(span)
if v ==10 {
v, _, shouldhelpgc = c.nextFree(tinySpanClass)
b

// ¥%a1EFT object, REIEIGHEHEENTT,
x = unsafe.Pointer(v)

(*[2]uint64) (x) [0]
(*[2]uint64) (x) [1]

0
0
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T & - IR B A

// MEEFIEFR tiny REFE, BTRRZEERID.
if size < c.tinyoffset || c.tiny == 0 {
c.tiny = uintptr(x)
c.tinyoffset = size

b
)
+
return x
— : s : -
l ] refil :
TRENR IR ; :
zerobase & O —_— 1 ‘:
l’jﬂj% e .
mcentral
largeAlloc

~
allocSpanLocked | —> m
_J

\

freeSpanLocked

P
S e mmmmEEE e E .-



4. B

P D 23 Bl g 51 4. NAF 20 B AT o

4.1 % 17

AT BRI B AEAR (root) XFR o FEFHIMMARCZ AT, B NTFRAAT BN Ar B 8T
Tl (R ER A o bl PRE PN AR R O H At A A A, SRR B

mgcmark.go

func markroot(gcw *gcWork, i uint32) {
flushmcache(...)

}

mstats.go

func flushmcache(i int) {
p :=allplil
Cc := p.mcache
c.releaseAll()

P EIS, cache FERM central H/H—A span, {HARIESFFi% span PN object 27 BLHI 2
ik, FMRNFSWNE. KSR = B8 span BHHE central , JEAT #5845 HoAth cache,
MNP 55 PR AT, SR A A TR 2 o

AHAHL—A> span YA cache G 2500 SFE—HURE 2, MHJ LRSS K=,
RTRIRALG T AN Eh, A5 LMERER. S REiE AN AES )7 i —A B
ZHIEAMG, FRE WS, 52F%,

mcache.go

func (c *xmcache) releaseAll() {

// BHRAFREA,
for i := range c.alloc {
s := c.alloc[il

// MRBEENFR, ERL central,

if s != &emptymspan {
mheap_.central[i] .mcentral.uncacheSpan(s)
c.alloc[i] = &emptymspan



b2

/! BRGNS RDEAE.
c.tiny = 0@
c.tinyoffset = 0

emptymspan fF 5L, FAFEHA N

mcache.go

// dummy MSpan that contains no free objects.
var emptymspan mspan

W YR ) B A B AR A R AR S B R E TR SR . EIRIR R K T M B X, I
AMUBCEA TR W o VPR WAFHIELF WAFFERL, AR MR Ry %

mcentral.go

func (c *mcentral) uncacheSpan(s s*mspan) {

// BBEFREXEM.
s.incache = false

// TRIEFRIRZEREFMEIIR.
n := cap - int32(s.allocCount)
if n>0 {
c.empty.remove(s)
c.nonempty.insert(s)

4.2 7E3E

B bRIE SE R, AIAEEE (span) by B (0 3647 5 B4R 1

FHEEH, IR E AN T. S L, WNEREATE S, B
IBBATICALI (gcmarkBits) o 193% BN DUMARIE H AT IR0, ik 2 T 3076 0 A

FALHE

e, RFRERICAL AR “EH” gy o BB T SEBUE B H . BT N AT LAY i
B S, M7 B 255 B o



mheap.go

type mspan struct {
gcmarkBits *gcBits // FRICHIE
allocBits xgcBits // DERAE

mgcsweep.go
func (s xmspan) sweep(preserve bool) bool {

spc := s.spanclass

// EFREUBSITEDEHRE (REREKED) .
nalloc := uint16(s.countAlloc())

// WREANR (size class 0) , BAWEBEEIITEL heap.
if spc.sizeclass() == 0 && nalloc == 0 {
freeToHeap = true

// TERREIRHE (FMCEIokHRE - incE2RHE) .
nfreed := s.allocCount - nalloc

// BAERAEFREL.
s.allocCount = nalloc
s.freeindex = 0

// BincuEEESEOEMEMER, ErIEm “Sf",
s.allocBits = s.gcmarkBits
s.gcmarkBits = newMarkBits(s.nelems)

// B[E central 3 heap.
if nfreed > 0 && spc.sizeclass() != 0 {

res = mheap_.centrallspcl.mcentral.freeSpan(s, preserve, wasempty)
} else if freeToHeap {

mheap_. freeSpan(s, 1)

BT, ph X LB 5 B SR TR o

mcentral.go

func (c xmcentral) freeSpan(s xmspan, preserve bool, wasempty bool) bool {

// ZSERERTIBEGFMEIIE.
if preserve {
return false



/! BMANEENEFH#IIR.

if wasempty {
c.empty.remove(s)
c.nonempty.insert(s)

F

// BFEIAREIRAERR
atomic.Store(&s.sweepgen, mheap_.sweepgen)

// MRAEHE, PBLEZFIREL
if s.allocCount !'= 0 {
return false

}
// MRAFEHMIKRE, LR heap,
c.nonempty. remove(s)

mheap_. freeSpan(s, 0)

return true

T SR r TR 35 B PR A7 Sl e iR ] DR s 2 e D O 7 2 At o e R
o A SR R PP AR R NS TSR BE S R T A N A7

{15 central 5 1A —HEPR ELAAEHL, 10 60 7 S RNAFFER & Y AER . A4 heap T g
BRI R L G R WL, e AEL NP EMR. ik central 5 R4 132
ENTE, UERLS 6. 7 (ATA R A B i

It AR R SE B ] 22 [ ) span 2 OAEEAS span AUARSS T — i size class, Q10K R 25 10]
A HA central, FRAAGON HHTYI 5 X AWK FENEH AL, RER/AER.

mheap.go

func (h xmheap) freeSpan(s *mspan, acct int32) {
systemstack(func() {
// 8E, 2REH.
h.freeSpanLocked(s, true, true, 0)

)

[ ERAE R A Ik AR NP R TR AN R AR AR SR BT IR S5 - T WA 7R
B WS Z L.



pmEEEE s s s m—-——— e e e emmmmssse .-

GC . :' mcache
— | ;
markroot —_1)> flushmcache _> releaseAll
___ . — :
) E ) E R RN R :
1] _i 37 (s
sweepone ——> | mspan.sweep BYE
\ J i - i B
: ' i mcentral '
"""""""""""" . )
; uncacheSpan
1. HREIKE|ERTFEIBEERE, :
2. Rk, markroot Bl cache.alloc BTz, '
3. JBIBRIE sweep it span [EUX object ATE, :
N INF &R E )
freeSpan
—

.......................

.....................................................

; RFE
freeSpanLocked < freeSpan

5. K

BT AR, QPR TR T 5 6 Wi, SUTEpEs . Hrb a4 sk B
PPN TR o

proc.go

func main() {
systemstack(func() {
newm(sysmon, nil)

)

ROIANBCE T, WEBE 5 2B AF SOl RO BB N A7 . WIT IR e AT T 5% I 1] B
[EAT4a%E N 20 2270, BRI TR LR .



proc.go

func sysmon() {

// If a heap span goes unused for 5 minutes after a garbage collection,
// we hand it back to the operating system.

scavengelimit := int64(5 *x 60 *x 1e9) // 5 7,

lastscavenge := nanotime() // =EHITEE,
nscavenge := 0 /] BATREEG .
for {

usleep(delay)

now := nanotime()

// MEHBERIERNZ.

if lastscavenge+scavengelimit/2 < now {
mheap_.scavenge(int32(nscavenge), uint64(now), uint64(scavengelimit))
lastscavenge = now
nscavenge++

51 W&

PRSI E N AR HER B, ORI R ORI AT B A P BRI, B
S BT A A AT, AR BRI BN, AT R % T

P BN ST WA RE S T8 20 il At DR LR I TR DR D8 o 3wt 1 W PR 5
BT FE AR A

type mspan struct {
unusedsince int64 // first time spotted by gc in mspanfree state
npreleased uintptr // number of pages released to the os

L P 1 SR TR I 5 T

func (h xmheap) allocSpanLocked(npage uintptr, stat xuint64) xmspan {

// WABBREFEEN, WEHDE.
if s.npreleased > 0 {



sysUsed(unsafe.Pointer(s.base()), s.npages<<_PageShift)
s.npreleased = 0@

s.unusedsince = 0@

func (h xmheap) freeSpanLocked(s xmspan, acctinuse, acctidle bool, unusedsince int64) {
s.unusedsince = unusedsince

if unusedsince == 0 {
s.unusedsince = nanotime()

s.npreleased = 0

ERE, RIS .

BB AR ORI PN AF, LI npreleased == npages. fij)a 5 HMNFREGIHF, BAGIHE

npreleased < npages,

5.2 Bk

FERM RN BT H, BATT 7 BB AEEe. AT 128 TRl AT A A7 il
T free HERMA . HRHYN LIMHE freclarge F7fk . BEMGRAEITE X B bRt X M1 %

ZAL now AR I W SEHES 18], Limie DRI (. (BRI 5 2081) o

mheap.go

func (h *xmheap) scavenge(k int32, now, limit uint64) {

for i := 0; i < len(h.free); i++ {
sumreleased += scavengelist(&h.free[i], now, limit)

sumreleased += scavengetreap(h.freelarge.treap, now, limit)

// LTIt
if debug.gctrace > 0 {
if sumreleased > 0 {
print("scvg", k, ": ", sumreleased>>20, " MB released\n")



P HI e, A5 SRR AR X

mheap.go

func scavengelist(list *mSpanList, now, limit uint64) uintptr {

// BT EER,
if list.isEmpty() {
return 0

// EHPERAK span,
for s := list.first; s != nil; s = s.next {
// WRBRENF linit, SIEEEIERR, .

if (now-uint64(s.unusedsince)) <= limit || s.npreleased == s.npages {
continue

// GOTERRB=EAN,

start := s.base()

end := start + s.npages<<_PageShift

len := end - start

released := len - (s.npreleased << _PageShift)

sumreleased += released

// BRI,
s.npreleased = len >> _PageShift

/] BHURERGRBIEANT (BRAE) .

sysUnused(unsafe.Pointer(start), len)

return sumreleased

3B JE P HE AT L AR SRERAE R A — B

mheap.go

func scavengeTreapNode(t xtreapNode, now, limit uint64) uintptr {
s := t.spanKey

// WRERERBE limit, BEYMERFARERN,
if (now-uint64(s.unusedsince)) > limit && s.npreleased != s.npages {



start := s.base()

end := start + s.npages<<_PageShift
len := end - start
released := len - (s.npreleased << _PageShift)

sumreleased += released

/] RERBITEL
s.npreleased = len >> _PageShift

/] BHRERGRBMERNE (BRAE) .

sysUnused(unsafe.Pointer(start), len)

F

return sumreleased

B, FAVRINGRLE N AF BT BRI . B T AAPREBCE B N AE I R4 R ST 5

UNIX-like Z4¢LL madvise 3 NAZMERR YV N FE U o AT FEOR B MEALL N AR DL T
BBV BN A B YN AR R A N, A B SRS I R BN A

TEE, madvise {UREIL, BAMELAPITEAL AT YPBLNFE TS, JELE % 2 2%
B, BRERSIT. AETI, MREHEIERLER. (2%,

mem_1linux.go

func sysUnused(v unsafe.Pointer, n uintptr) {
madvise(v, n, _MADV_DONTNEED)
¥

func sysUsed(v unsafe.Pointer, n uintptr) {

I

mem_darwin.go

func sysUnused(v unsafe.Pointer, n uintptr) {
madvise(v, n, _MADV_FREE)
¥

func sysUsed(v unsafe.Pointer, n uintptr) {

I

Windows ASZREZEAMLE], BT LU A APT BEA7 R BOR B8 70 B »



RPN AFIRINS . YA sysUsed J73k, MTTAN ST BORE TN A7 o

mem_windows.go

func sysUnused(v unsafe.Pointer, n uintptr) {
r := stdcall3(_VirtualFree, uintptr(v), n, _MEM_DECOMMIT)
}

func sysUsed(v unsafe.Pointer, n uintptr) {
r := stdcall4(_VirtualAlloc, uintptr(v), n, _MEM_COMMIT, _PAGE_READWRITE)
}

....................... . 1. i&[h heap BEMRE span.
. : 2. BRAERT 5 24 span MIEATE.

.
'
.
. ) '
runtime.main :

V| emeeeemeeeemeessesssmeesssesssessssssssmesssmee=e==-
L} ' \I
: : :

\1/ : —> | scavengelist

: ' - J
ﬁ:—5_> o
o SR

—> | scavengetreap

1. BfTRIENMAMEE, BZEERATE.

= -+ G e A
2. PUTEHIBIRER, MEAERREERES. GODEBUG=gctrace=1,scavenge=1

6. H A,

6.1 [ & 7B 4

HISCRTHRIAE . PR RAER, . (AGVRIT AT . SChR ph PP RS AT I 3 (R 3
R BT, R EA RN SRS RGO R AELR B K AL, H
SREUAN ) 2 SR P SR . itk % 11380 T FixAlloc [H 54y LR

MHERHR AR R, AT LU B LA A [ %8 2 e 0 5 B



mheap.go

type mheap struct {

spanalloc fixalloc // allocator for spanx

cachealloc fixalloc // allocator for mcachex

treapalloc fixalloc // allocator for treapNodesx used by large objects
specialfinalizeralloc fixalloc // allocator for specialfinalizerx
specialprofilealloc fixalloc // allocator for specialprofilex

I, R TR R BN 7R U0 mspan. AR T mheap IfE— 5201, IUAF B
R AL T A I . TEMERIIA M T EE L 4 B R B 23 T o

RSO, span $5RANTFER, 1T mspan W EHXRH 5.

mheap.go

func (h xmheap) init(spansStart, spansBytes uintptr) {

h.treapalloc.init(unsafe.Sizeof(treapNode{}), nil, ...)
h.spanalloc.init(unsafe.Sizeof(mspan{}), recordspan, ...)
h.cachealloc.init(unsafe.Sizeof(mcache{}), nil, ...)
h.specialfinalizeralloc.init(unsafe.Sizeof(specialfinalizer{}), nil, ...)
h.specialprofilealloc.init(unsafe.Sizeof(specialprofile{}), nil, ...)

6.1.1 7146 b

WAL . BRINAEERICR/AND, 1B A5 E — R ER R BRI T 24 .

mfixalloc.go

// FixAlloc is a simple free-list allocator for fixed size objects.
// Malloc uses a FixAlloc wrapped around sysAlloc to manages its
// MCache and MSpan objects.

type fixalloc struct {
size uintptr
first func(arg, p unsafe.Pointer)
arg unsafe.Pointer

func (f xfixalloc) init(size uintptr, first func(arg, p unsafe.Pointer), ...) {
f.size = size



f.first = first
f.arg = arg
f.list = nil

6.1.2 Tt

MG BB, s Bids R H RN AE o o e DO B . DAk (list) S BE Dl 52 AT
TFHIE, BFR—HESBINAAE (chunk) 5205 & 9 0.

mfixalloc.go

type fixalloc struct {
list *mlink

chunk uintptr /! EEANTE.
nchunk uint32 /! EEAEATDEHE.

SrECE SE N RIS I, ARG RN E LB R . 57N AR UMEE =2
kP HIAL. oAb, SREREREUE N BT AT T . RIE A M ie R AR

func (f *xfixalloc) alloc() unsafe.Pointer {

// =RMERRERE.

if f.list !'= nil {
v := unsafe.Pointer(f.list)
f.list = f.list.next
return v

// REEREFEAR, WEFIREX (16 KB) .

if uintptr(f.nchunk) < f.size {
f.chunk = uintptr(persistentalloc(_FixAllocChunk, @, f.stat))
f.nchunk = _FixAllocChunk

/! MEEAERDE,
v := unsafe.Pointer(f.chunk)

// WMREREKRE, WHIT.
if f.first !'= nil {
f.first(f.arg, v)



f.chunk = f.chunk + f.size
f.nchunk —= uint32(f.size)

return v

6.1.3 E Ik

[EDSCHR A O0R A 77 BT 2 62 IR0 BRI e 9450

fifi i FixAlloc LR ISR, HEEAR KRS . PRBYIENAAZTA K.

mfixalloc.go

func (f xfixalloc) free(p unsafe.Pointer) {
v := (*mlink)(p)
v.next = f.list
f.list = v

DASEA 1), FESR ORI Bl N AE i), 4 G 7 B 20 O B1EC mspan P05

mheap.go

func (h xmheap) allocSpanLocked(npage uintptr, stat xuint64) *mspan {
t := (xmspan) (h.spanalloc.alloc())
t.init(s.base()+npage<<_PageShift, s.npages-npage)

func (h xmheap) freeSpanLocked(s sxmspan, acctinuse, acctidle bool, unusedsince int64) {
h.spanalloc.free(unsafe.Pointer(before))

I

6.1.4 J5 %

S b, JE WA € BeAs IR ST . I MBS T I HAR AR R bbb, B
A 1 A EL A5 M A AR 87T



AR S5 R T B, XA A HLHE T 23 O A o

malloc.go

type persistentAlloc struct {
base *notInHeap
off wuintptr

notinHeap S22 544, AL — N TH AR HIkE 0 77 i o

type notInHeap struct{}

func (p *notInHeap) add(bytes uintptr) s*notInHeap {
return (xnotInHeap) (unsafe.Pointer(uintptr(unsafe.Pointer(p)) + bytes))

FIAEEETIERES 18, &g (P) JIAMSLIE MmN 5B URRERIENIFE.

type p struct { /] BYIEZRE (M) MEHE—T P IR,
palloc persistentAlloc

malloc.go

var globalAlloc struct {
mutex
persistentAlloc

e, RS NS ETLRR N TBHER . WRAE, HrREREHIE.

malloc.go

func persistentallocl(size, align uintptr, sysStat *uint64) xnotInHeap {
const (
chunk = 256 << 10
maxBlock = 64 << 10

// WRANEE 64 KB, HIZMIRERFRIE,



if size >= maxBlock {
return (xnotInHeap) (sysAlloc(size, sysStat))

// REREAEFUE (Ttbzi2R) .
if mp !'= nil && mp.p != 0 {
persistent = &mp.p.ptr().palloc
} else {
lock(&globalAlloc.mutex)
persistent = &globalAlloc.persistentAlloc

// MRAEFERE, ERERGRE (256 KB) .

if persistent.off+size > chunk || persistent.base == nil {
persistent.base = (xnotInHeap) (sysAlloc(chunk, &memstats.other_sys))
persistent.off = 0

/! MNEEREDSD.
p := persistent.base.add(persistent.off)
persistent.off += size

return p

3R RGEH I NAFR, EHEH sysAlloc, BEJF A7 B aw B DR B DX 48k

mem_linux.go

func sysAlloc(n uintptr, sysStat *uint64) unsafe.Pointer {
p, err := mmap(nil, n, _PROT_READ|_PROT_WRITE, _MAP_ANON|_MAP_PRIVATE, -1, 0)

5 heap.sysAlloc $8 5 arena_alloc /E MR 4GHHE AR, sysAlloc %40 nil, HNIZERE.

malloc.go

func (h xmheap) sysAlloc(n uintptr) unsafe.Pointer {
p := h.arena_alloc
sysMap(unsafe.Pointer(p), n, h.arena_reserved, &memstats.heap_sys)

6.2 WA HILEK

FEAH A T € 53 Be g LA HEF Berp . A mspan 455 7 RBKEREL -
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mheap.go

type mheap struct {
allspans []lxmspan // all spans out there

// recordspan adds a newly allocated span to h.allspans.

//

// This only happens the first time a span is allocated from
// mheap.spanalloc (it is not called when a span is reused).

func recordspan(vh unsafe.Pointer, p unsafe.Pointer) {

=7
1

(*kmheap) (vh)
s := (xmspan)(p)

// % allspans &%, ¥&.
if len(h.allspans) >= cap(h.allspans) {

// % mspan 7&p0Zl allspans,
h.allspans = h.allspans[:len(h.allspans)+1]
h.allspans[len(h.allspans)-1] = s
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