CbOPLLUUK
MYCOPA
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[IPOBEPDb 3AINNCD




[TPABUJIA SAHATUA

1. Bonpoch B 4aTe MOXHO 3apaBaTb
B Nnwboe Bpems

2 . BOMPOCH roJsIOCOM 3ajaem
no NOogHATOM pykKe B Zoom

3. OTBETbl Ha BOMpPOCH 6yayT
B 3alfJjlaHUpoBaHHLIX MecTaxX




['J1AH JIEKLUAU

1. Cébopka Mycopa

2. [lopcyeT cCbIIOK

3. TpencuHr

4. YcTtponctBo GC B GO

5. Finalizers



CbOPKA MYCOPA




HTO TAKOE MYCOP?



MYCOP - 3T0O

00
Hencrnonb3dyemasa naMATb MPOrpamMmbl,
KOTOpPYKW crnefgyeT ocBo60OUTb 1 func process() {
0NA fanbHeWuwero MCnoJjib30BaHUA 2 data := make(byte, 1 << :
3
4 _ = data
)b
6
7 func main() {
8 process( )

Y
10 }



BCEIAA JIN HY)XHO
COBUPATb MYCOP?



MHOIOA MOXXHO
HE IYMATb O CEOPKE MYCOPA

HanpuMmep, ecnun Balle npuioxeHme paboTaeT HECKOJIbKO
MUHYT WM 4aCOB M eMy XBaTaeT namMaATu AJsis ero paboThl,
TO MyCOp MOXHO He cobwupaTb



PYUHOU PE)XXUM

Mycop MOXHO cobupaTb pyKamu, Korpga Bbl
CaMOCTOATESIbHO OocBoboXOaeTe Te 0O6bEeKThl,

KOTOpPble BaAdM HE HYXHbI

void* data = malloc( )

W N =

free(data);



MOXXHO JIM COBUPATD
MYCOP ABTOMATUYHECKI?




ABTOMATUYECKUUN PE)XXUM

-

[logcyeT CCbUIOK TpaccupoBaHue



FAQ

C6opka Mmycopa




[MTOACHET CCbIJIOK



Terminal: deep_go 4+ v

[MOACHET CCbIJIOK

Kaxabih 06BbEeKT COAEPXUT CUYETYUYUK KOJSiIndecTBa

CCbJIOK Ha Hero, WUcCrioJib3yemblX ApyruiMun obbeKTamu

9 Korgpa 3TOT CYETYMK YMeHbllaeTCA A0 HYNA, 3TO O3HayaeT,
YyTO 06BEKT CTajl HeAOCTYMHbIM, U ero MOXHO OocCBO6OXOaTb



Ox0AAO Ox0AAS8

data (...) refs (1)

Object

ptr_data (Ox0AAQ)

ptr_refs (Ox0AA8)




Ox0AA0O Ox0AAS8

data (...) refs (2)

Object Object copy

ptr_data (Ox0AAQ) ptr_data (Ox0AAQ)

ptr_refs (Ox0AAS8) ptr_refs (Ox0AAS8)




Object

ptr_data (Ox0AAQ)

ptr_refs (Ox0AAS8)

Ox0AA0O Ox0AAS8

data (...) refs

______

Object copy

_____________________

ptr_data (Ox0AAQ)

ptr_refs (Ox0AAS8)




Object

ptr_data (Ox0AAQ)

ptr_refs (Ox0AAS8)

Ox0AA0O Ox0AAS8

_______________

_____________________

______

Object copy

ptr_data (Ox0AAQ)

ptr_refs (Ox0AAS8)




KAKUE
[IPEMMYLUECTBA N HEAQOCTATKW
Y TAKOI'O NOAXOA4A?




[MMOACHET CCbIJIOK

+ HEe HYXHO 3anyckKaTb HUKaAKMX MPOL,eCCOB COOPKW Mycopa

- [enaeMm JIMWHIKW padoTy NoO YBEJIMYEHUI U YMEHbIEHUIO
CYETUYMKOB CCbIIOK

- HYXHaA CUHXPOHUN3aALUUA pa6OTH CO CHEeTHUKOM CCbUJIOK

- AOMNnoJiIHnTEeJibHaAd MaMATb Ha XpaHEHUE CHEeTHUKA



1

1 refs

1 refs

1 refs

refs

A 4

A 4

A4

Node Node Node Node




[MMOACHET CCbIJIOK

- CUHXPOHHOE OCBOO6OXOEeHMEe NnocsiefoBaTeSIbHOCTHU
9/IEMEHTOB, HaMpuUMep MHOXEeCTBA 3J/IEMEHTOB
CBA3HOIMO CMNMUCKa



1

1 refs

refs

A\ 4

Pointer ek > Node Node

N




weak_refs =
strong_refs

1 —\

weak_refs = 0

0 strong_refs 1

A\ 4

Pointer ek > Node Node

N




[MMOACHET CCbIJIOK

- Npo6sieMbl LUUKINYECKUX ccbhioK (abcTparnpoBaTb
MX HEe MONy4YUTCSH, MNPOrpamMmMmncTy MNpUAEeTCAa 3HaTb
O HUX U UMW YNpaBATb)



FA

[lopc4deT CCbITIOK




TPEUCUHI



Terminal: deep_go 4+ v

TPEVUCUHTI

B oThnnyum oT nopcyeTa CCbhIJ10K, TpeﬁCMHr 3aHUMaeTCH

NMPOTUBOMNOJIOXKHbIM — OH MUlleT XWUBble 06BbEeKThI.

OcTaHaBNMBaKWTCA BCE MNOTOKWU, 6€3 CUHXPOHU3aLUn
o6xoamMTcAa rpa¢ CCbUIOK, MOMEYawTCHA BCE MCMOoJSb3yeMble
0ObEeKTbl, MOC/le Yero HeromMeyeHHble O6beKTbl yAanAwTCS



CAMbI NTPUMUTUBHDBIU
CLUEHAPUU PABOTDI

1. OcTaHaBIMBAWTCA BCe MOTOKM (MyTaTopbl)

2. be3 cuHXxpoHM3auMnM o06X0AMUTCA rpad CChIIOK
(MOXHO napannesnbHo)

3. [lomeyawTca BCe MUCMNOSIb3yeMble OO6BbEKTHI

4. Nocne 4ero HenoMe4yeHHble OO6bEKTHl yaansnTCs
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OCTaHOBUTb BCe MOTOKMU
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KAK OCTAHOBWUTDb BCE NOTOKWN?



MOXHO BCTaBUTb TOYKM B KoOA, 6naropgaps KOTOPbIM MOTOK

MOXET TlNOHATDb,

—_— — —
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YTO HYXHO OCTaHOBUTbCA, 3anpeTuTb CTpPaHULY
ona 4TeHuna npu nomouwm mprotect
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N22

O6onTn rpad cconok - ¢asa mark




OTKYAA HAYHHEM ObXO/[1 NPA®A?



HauyHem o6xon rpaga CO CTEKOB MOTOKOB U C rslobanbHbIX
nNepeMeHHbix, ¢opmmpya root set ana obxopa
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Global var

Global var

Stack

Stack




KAK BYOAEM ObXOA4UTDb INPA®?



lenaTb o6xo4 rpada MOXHO MOUCKOM B FNYOUHY WU WWPUHY,
HO KakKoW Torpa Bbi6bpaTb BapuaHT?
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[1PU ObXOE KPACUM
PA® B TPU LUBETA

1. YepHbi — mnccnegoBaHHbM 06bEKT (0OBEKT MoOCeleH
M BCE CCbIIKM KOTOpble MAYT M3 HEro muccrenoBaHbl)

2. Cepbin — oxmpawuwmm mnccregoBaHUA OOBEKT
(y3Hanm npo O6bEKT, HO ero euje He uccrienoBanu,
He BCe CCbiJlkaM OT Hero MNpouwinchb)

3. benbin — HeuccregoBaHHbN 06BbEKT (He 3HAEM elwe Npo O06bEKT)

Q Tree color invariant — He 6biBaeT CChIJIOK U3 YEpHOro
obbeKkTa B 6enbin



Global var

Global var

Stack

Stack
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Global var

Global var

Stack

Stack

vV
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Global var

Global var

Stack

Stack

vV
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Global var

Global var

Stack

Stack

vV
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Global var

Global var

Stack

Stack
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Global var

vV

Global var

Stack

Stack




Global var

Global var

Stack

Stack

vV
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MO UTOr'Y rPA® NPUOBPETET TAKOU BUA:

Global var

Global var l

Stack

Stack




3AYHEM HY)XXHO KPACUTb TPA® B
TPU LUBETA?



Wcnonb3oBaHMe pacKpacKu BepunmH rpada B TpU UBETa
— TUNUYHBLIK Ccrnocob MnMoucka UUKIIOB B rpade
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9,

llanblle ecTb ABe aJibTepHaTUBbLI:

3

1. Sweep (nogmecTn) — ocBOb6OXgaeM TO, 4YTO 6esloro uBeTa

2. Copying (nepeHecTn) — MEepPEHOCUM XuBble OOBbEKTbl B HOBOE MECTO,
a cTapoe ocBob6oxgaeM, 4YToObl He 6blN10 dparMeHTauun



Tak pa6boTaeT npoctom STW (Stop-The-World) c6opumk mycopa
— yeMm 60siblle Ky4ya, Tem 6onbue nay3bi!
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KAK YMEHbLUUTD INAY3Y?
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[IEPEPDIB 5 MUHY'T



MOXHO 06XoouTb He BCH Ky4dy, a 4YacTb (MOKOJIeHuMs1), TaK Kak
O0NIbLWMHCTBO OOBEKTOB YAANAWTCHA «MONoOAbIMU» . XOpOWO Obl OTAENUTb
06BbEKTH MO BPEMEHUM XU3HU — Te, KOTOpble XMBYT AOJIro, 6yanem ux

06X0ONUTb peako, a MoJsiogble 6yaem o6XoAMTb 4Yale



#1 dgeneration

X1

X2

X3

x4

X5

X6

X/

X 8

#2 generation




#1 dgeneration

#2 generation

X1

x4

X 8




#1 dgeneration

A

y2

y3

#2 generation

X1

x4

X 8




#1 dgeneration

#2 generation

X1

x4

X 8




[1oA4xXoA4A C NOKOJIEHNAMW
MOXET MUHUMU3UPOBATD
[NTAY3bl, HO KAK OT HUX
NW3bABUTbCH COBCEM?




Terminal: deep_go + v

CONCURRENT GC

MoxHOo 3anycTuTb nNoTok GC oAHOBPEMEHHO, KOTOPbLIN

BbIMOJIHAET CcO6Op Mycopa BMecTe C MyTaTopamwu



BAXXHO HE IMYTATb CONCURRENT GC C
PARALLEL GC

[loToMy 4yTo Parallel GC - 3To c6bopka Mycopa co STW,
HO NMOTOKWU ANse cbopKe Mycopa paboTawT napafenbHo



KAKUE MNMPOBJIEMDI
MOI'YT BOSHUKHYTb

BO BpPEeMSA KOHKYPEHTHOro 3anycka céopuumka

Mycopa C KOAOM NPWUIOXEHUNA?
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&nodeq{ }
&nodeq }

t = &nodeq{}

Stack

next

next




Stack

next next




Stack

&nodeq{ }
&nodeq }

" X
1

next = &node{} next next

osn I P

ext y.next
.next = nil
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Terminal: deep_go 4+ v

LOST OBJECT

[loTepann o06beKkT, a TaKxe noJioMaan MHBAPUAHT,

YTO 4YepHbIn OOBEKT HEe cchbiylaeTcsa Ha 6enbin



KAK MO>XHO PELLUAUTD
TAKYIO NPOBJIEMY?



Terminal: deep_go 4+ v

BAPbEP 3AITUCIA

Ecnn o6beKT 4YepHbiM MU OH HaAYMHAET CccChiylaTbCH

Ha HOBbIM OOBEKT, TO MOKPaAcWUM yKa3aTeslb Ha HOBbIM
UBEeT cpa3y B cepbin UBeT (cepble 06bEKTH [06ABNANTCS
B o4yepenb Ha o6xon)



Stack

00
1 [...] y
2 X := &nodeq{}
3y := &nhodeq{}
4
5 x.next = &node{} next next
2 L ]

next




Terminal: deep_go 4+ v

bAPbEP YAAJIEHUA

[lokpacuM 06BEKT B Ccepbih LUBET, Ha KOTOPbIN
TepsAeTcsa cchinika (cepbie 06bEKTH [06aBNANTCS
B odyepelb Ha 06xop)



1
2
3
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6
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[F:
X
y

&nodeq }
= &nodeq{}
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X.next
y.next
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&noded{ }

y.next
nil

Stack

next

__________________

next




Stack

X := &nodeq{}
y := &nodeq{}
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&node{} next
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e [lp ncnonb3oBaHUM b6apbepa ypaneHUst — HEKOTOPbHIN
MyCOp MOXET [OXMBaTb OO0 clieaywien cO6opku mycopa




N BKJTIOYEHUA/OTKJTIOYEHUA
BAPbEPOB YALLE BCEIO TPEBYIOTCHA
KOPOTKUUN STW




4TO AEJIATb, ECTU OYEPEAb
CEPbIX OB bEKTOB HE BYET
3AKAHUYMBATbLCSH?




HY)XXHO CO3ABATb ObbEKTbI CPA3Y
HYEPHOI'O LUUBETA, UHAYE OB bEKTbI MOI'YT
HE SAKOHYAUTbCA HUKOI 1A



Ecnn cb6opka mycopa He BbLIMOJIHAETCA, TO HE HYXHO MyTaTopy
onoBellaTb NOTOK cbopumka mycopa (TO €CTb HE HYXHO

packpawnmBaTb O6BEKTb B CEPLIA UK YEPHbIN LBET)




FAQ

TpencuHr




YCTPOUCTBO GC B GO




GO GC

 Mark and Sweep — anroputm GC
* TpexuBeTHbIN - aNrOPUTM pPasMEeTKW

* KOHKYpPEHTHbI — BbLIMOJIHAETCHA KOHKYPEHTHO C OCHOBHOM
NporpaMMoOM C UCMNOJIb30BaHMEM 6apbepoB 3anucwu



B Go He cTanun 3aummcTBOBaTb Y Java KOHLUenuuio NOKOJIEHUU O6BEKTOB.
9TO cBA3aHO Cc TeM, 4TOo B GO ropaspo 6onbliass poslb OTBOAUTCH
annokaumam Ha cTteke. KopoTKOXuBYWME OOBEKTH C 60NbLION
BEPOATHOCTbIO 6yaAyT pa3MelleHbl Ha CTeKe, a He B Xune, rnoa3ToMy uaes
O MOJI0OOOM MOKOJIEHUN OOBEKTOB HE HaAXOAUT CBOEro npuUMeHeHUs



B HacTosiwee Bpemsa ¢pakuusa CPU, noTpebnsiemas sBopkepamum GC, xecTKo
3apuKkcuposaHa Ha ypoBHe 25%. Ecnm GC noHumaeT, 4YTO He crnpaBndeTcCH
C NMOTOKOM Mycopa, OH MOXeT cJlerka NpUTOpPMO3UTb HOBbIE asioKauuu,

3acTaBNAA HEKOTOpble FOpPYTUHbl TPaTUTb 4YacTb BPEMEHW HA COHOPKY Mycopa

e 9Ta onTuMM3auma HasbiBaeTcA Mark Assist m nossonfeT
nopecTun nortpebnaemyw GC ¢paxkumiw CPU pno 30%



KOI'JA 3AITYCKAETCA CbOPLUUK
MYCOPA B GO?



KOI'JA 3AITYCKAETCHA
CbOPLLUK MYCOPA B GO?

1.

[[peBblleHNEe AUHAMUYECKOr0o JIMMUTA KYYU, YyCTaHOBJIEHHOI O
c nomolubio nepemeHHon GOGC

. Mpowno 2 muHyTH 6€3 GC - ecsin Bbl HUYErO HE

annoyumposannm 3a 310 BpemAa, GC Bce paBHO 3anycTUTCA
pa3s B 2 MUHYTH (3a 3TO OTBe4YaeT Sysmon)

. PyyHon 3anyck c¢ nomoubio runtime.GC() - ecnu cpenatb

9TOT Bb30B, Korpga Garbage Collector yxe 3anylueH,
TO MO AOCTUXEHMM ¢pal3bl Sweep OH 3anyCTUTCH 3aHOBO



BoizoB GC BoizoB GC

HoBaa Ky4ya 3aHuUMaeT

100% OT XMBOWU Kyuwu

HoBaa Kyd4ya

Ky4ya

B npeabigyuem
LnKne

XnBaa kKy4ya



EXAMPLE

aaaaaaaaaaaaa



RSS (Resident Set Size) is used to show how much memory is allocated to
that process and is in RAM. It does not include memory that is swapped
out. It does include memory from shared libraries as long as the pages
from those libraries are actually in memory.

VSZ (Virtual Memory Size) includes all memory that the process can
access, including memory that is swapped out, memory that is allocated,
but not used, and memory that is from shared libraries.

00
1 vliadimirbalun@Vladimirs-MacBook-Pro golang_course % ps -0 pid,vsz,rss \
2 | awk '{if (NR == 1 || $1 == "29375") print}'
Si [y VSZ RSS
4 29375 419700592 1728






Terminal: deep_go 4+ v

LAZY ALLOCATION

After allocation, your address space is expanded
immediately, but Linux does not assign actual pages
of physical memory until the first write to the page



[l[peacTaBuM, 4YTO Hal rnpouecc pa6boTaeT
B BUPTyaNlbHOU MalWMHE C YCTAHOBJZIEHHbLIM JIMMUTOM
Ha RSS B 10 I'b co 3HadyeHuem GOGC = 100%

[lonycTtnm, nocne nocnepgHero npoxoga GC pasmep xuna cocTaBwun
5.1 T'b — Bpoage 6bl 0o NUMUTa ewe paneko. [Jlanbuwe 6epem npousioe
3Ha4YeHue n nonblyemcs (OpPMYyNION AN BbLIYUCIIEHUSA LIE€NEBOrO

3Ha4YeHMUs pa3mepa xuna pnas crenpywuwen cb6opku mycopa (10.2 I'b)

Q Oka3biBaeTcAd, 4TO OHO Bblwe, 4YeM NMUMUT Ha RSS.
WHbIMM cnoBamun, npexpge 4em GC cpaboTaeT
B cneaywwun pas, npouecc 6ypet yéomut OOM Killer ' owm!



YTO OEJIATb B TAKOWU
CUTYALIUN?



HyXHO ocBoboxaaTb 60siblle NamaATW, TO €eCTb 4Yalle 3anycKaTb
GC. B Go pgns aToro HyxHo Bbl6paTb 60/51ee KOHCepBaTUBHOE
3HadyeHne GOGC. OpgHako py4yHou nop6op GOGC nop KOHKpPETHbLIW

CepBUC U KOHKPETHYI Harpy3Ky — He O4YeHb Becénioe 3aHfiTue.



DEATH SPIRAL

MoxHOo nepecTapatbcAa ¢ GOGC M CTONKHYTbCA CO cnupanbl CMepTU

(Takyl npob6neMmy CJIOKHEe OOHAapyXuTb, 4YeM TOT Xe cambin O0M)

A4

HyxHO 6onblie NamMaTwH

3anpochl KonATcA
Yawe 3anyckaem GC
B oyepensax

I l

Throughput TpaTum 6onbue
nagaeT CPU Ha GC

N



Terminal: Concurrency 4+ v o JUE

GOMEMLIMIT

YunThiBasgs BC NaMATb MoTpebnsaeMyi npuioxeHnem (He TONbKO
Kydy) U OPUEHTUPYACb Ha 3afaHHYI BEPXHIOW rpaHuuy noTpebneHus

namsaTW, paHTauMm 6ypeT 4alule Bbi3biBaTb CHOPKY Mycopa u bonee

arpeccuBHO BO3BpallaTb NaMATb OMNepaLMOHHOM cUCTeMe

Q BoicTaBUTb JIMMUT MOXHO NPWU MOMOWM NepeMeHHOU
OKpYyXeHusa, Hanpumep Tak:. GOMEMLIMIT=2750MiB



Y106 M36exaTb cKaTbiBaHuA GC B cnupanb cmeptun gna GOMEMLIMIT,
BBOOAUTCHA MUCKYCCTBEHHOE OorpaHu4yeHue Ha notTpeébneHme cOHOPUUKOM
mycopa CPU — OoHO He npeBbICUT 50% paxe B caMblX XECTKUX
CUTyaumax, Korga Mycopa O4YeHb MHOro, a naMaTb MOYTWU
ncyepnaHa.

B aToOM cnyyae nNpuioXeHue CMOXeT MPOAOSIXUTb ajjiouMpoBaTb HOBYI
NamMATb, 4YTO C 6ONblLION BEPOATHOCTbLI MPUBEOET K MPeofoseHUI0
nMMnuTa (B 9TOM CMbIC/IE OH ABMIAETCA MAMKUM, TaK KaK MNo3BONAeT

MCIMOJiIb30BATb [lMaMATb CBEPX J'IVIMVITa)



N3 KAKUX PA3 COCTOUT
CbOPLUHUK MYCOPA?




Screenshot

Off

Stack scan

Mark

Mark termination

Sweep

Off

GC ALGORITHM PHASES

GC disabled
Pointer writes are just memory writes: *slot = ptr

Collect pointers from globals and goroutine stacks
Stacks scanned at preemption points

Mark objects and follow pointers until pointer queue is empty
Write barrier tracks pointer changes by mutator

Rescan globals/changed stacks, finish marking, shrink stacks, ...
Literature contains non-STW algorithms: keeping it simple for now

Reclaim unmarked objects as needed
Adjust GC pacing for next cycle

Rinse and repeat

Correctness proofs in literature (see me)




SWEEP TERMINATION

+ Stop the world
» 3aBeplieHne Bcex sweep ¢as

* YpaneHue oCcTaTKOB Mycopa



MARK

 Bkmoyaem write barrier

« Start the world

» 3anyCcKaeM CKaHuMpoOBaHWe rob6asibHbIM MEepPEMEHHbIX
M CTekoB (MpuM CKaHUpPOBAHWM CTeKa, FOpyTUHa
NPMoCcTaHaBIMBAETCS)

* PackpawunBaeM 06beKTb B TpU LUBeTA



MARK TERMINATION

 Stop the world

» loxnpgaemcss o6paboTKM MocinegHuUx 3apad
N3 odepegn

* JaBepliaeM pasmMeTKy



SWEEP

* OTkmo4yaem write barrier

 Start the world

* O4yumuwaem pecypch B QOHEe



KAK NMOHATb, B KAKOU CEUYAC
CTAAUN HAXOOUTCA GC?




TEKYLLASA CTAOUA PABOTDI
CBOPLLUKA MYCOPA
XPAHUTCH B INMOBAJIbHOW
NMEPEMEHHOW GCPHASE




KTO BbIlNOJIHAET KOA
CbOPKU MYCOPA?



«M» MOXeT MUCMONHATb NOJIb30BaTENIbCKYKW FOPYTUHY,
a TaKXe MOXeT UCNONHATb ropyTuHy GC
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KAK YMEHbLUNTDb HAI'PY3KY HA
CbOPLUHUK MYCOPA?




CTapaTbCA Nepencrnosib3oBaTb BbIAESIEHHY MaMATb U 60Mblle
annoynmpoBaTb OO6BEKTOB Ha CTeKe, BMECTO Kyu4u



FINALIZERS






If f is garbage collected, a finalizer may close

the file descriptor, making it invalid

1 func newFile(fd uintptr, name string, kind newFileKind) *File {

runtime.SetFinalizer(f.file, (*file).close)
return f
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Ecnn Bbl mcnonbsyete 6MHAMHIKM Ha C, TO Mo Xopouwewmy
He MPOCUTb NporpammmcTa SIBHO OCBO6OXAaTb MamATb,
a cpgenaTb 3TO Npu nomouwun ¢uHanmsaTopa

200
1 type Cstr struct {
2 cpointer *C.char
3}
4

5 func AllocateAuto() *Cstr {

6 answer := &Cstr{C.allocate()}

7 runtime.SetFinalizer(answer, func(c *Cstr) {

8 C.free_allocated(c.cpointer); runtime.KeepAlive(c)
9 1)

10

Ll return answer

12 }



KAKUE NMPOBJIEMbI ECTb
Y OUHAJTTINSATOPOB?



EXAMPLE

Finalizers not first word



EXAMPLE
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EXAMPLE

Finalizers resurrection



Objects with finalizers require
at least two GC cycles to be freed



When your program ends, Go doesn’'t trigger
a GC cycle just to run finalizers

So, if your program finishes before the
GC kicks in again, any pending finalizers
won't run at all



EXAMPLE
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We can also attach more than one cleanup function
to an object. One thing to keep in mind is that
if a cleanup function is expensive

Why? Because the runtime uses a separate goroutine to execute
all cleanup functions. If one cleanup is slow, it can become
a bottleneck, delaying the execution of other cleanups



The cleanup(arg) call is not always guaranteed
to run. In particular it is not guaranteed
to run before program exit

Cleanups are not guaranteed to run if the size
of T is zero bytes, because it may share same
address with other zero-size objects in memory
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Terminal: deep_go + v

CJ1IABbIE YKA3ATEJIN

CyTb 9TUX yKasaTesienm 3akKsw4daeTca B TOM, 4YTO cOHOopuMUK Mycopa
BnpaBe B J6OM MOMEHT BpeMeHu cobpaTb [AaHHble Ha KOTopble

OHU YKa3blBaAlT . To ecTb cpenaTtb 9TWU YKa3arTeJin HeBaJIuAHbIMU



The key thing about weak pointers
is that they're safe

If the memory they're pointing to gets cleaned up,
the weak pointer automatically becomes nil — so there's

no risk of accidentally pointing to freed memory

e And when you do need to hold onto that memory,
you can convert a weak pointer into a strong one



EXAMPLE
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weak .Pointer [ string ] Indirect object: atomic.Uintptr
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weak .Pointer|[string]

weak .Pointer|[string]

Indirect object: atomic.Uintptr
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FAQ

YcTpouctBo GC B Go




MOXXAJIYUCTA, 3AMOJTHU
OMPOC O 3AHATUN

CcbiMka B 4aTe M B rpynne y4YaCTHUKOB




