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PGO: npakTtuka
N ManeHbKne XUTpoCTn
MCMOSIb30BaAHUS

Makc Pueipo, Beaywimmn paspabotumk B Ozon




AsbikoBas nnardopma Go B Ozon

Cbopka NpoeKkToB
Ha Go

Bubnmnorteku
Ha Go

i i
[Nonck ﬂ YckopeHue
y3KNUX MecT / 1 oNTUMM3aLms
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A 4yTto Takoe PGO?

PGO

aT10 Profile Guided Optimization,
T.€. ONTUMM3aLUNsA NporpaMmmel C UCMOSIb30BAHNUEM
npodunen (CTaTUCTUKN) UCMOSTHEHUA NMPOorpaMmmbl /

\ 4

ozoNiech



[1ng Kkoro aToT Aoknaa?

&) Wcnonbsosanu PGO B Go?

ozoNiech



[1ng Kkoro aToT Aoknaa?

&) Wcnonbsosanu PGO B Go?

< A B Opyrvx a3blkax?
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[1ng Kkoro aToT Aoknaa?

&) Wcnonbsosanu PGO B Go?

< A B Opyrvx s3blkax?

<€) AKT0 3aHumarnca npodgunmposaHmem B Go?

ozoNiech



[1ng Kkoro aToT Aoknaa?

Ncnonb3osann PGO B Go?
A B Opyrnx asbikax?

A KTO 3aHMMancs npogpunuposaHnem B Go?

©O © O ©O

BeHumapku B _test.go?

ozoNiech



[1ng Kkoro aToT Aoknaa?

Ncnonb3osanm PGO B Go?

A B Opyrnx asbikax?

A KTO 3aHMMancs npogpunuposaHnem B Go?

BeHumapku B _test.go?

©O 0 o0 O ©O

Bbl TO4HO 3HaeTe, kak komnunuposaTtb B Go!
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[1ng Kkoro aToT Aoknaa?

Ncnonb3osanm PGO B Go?

A B Opyrnx asbikax?

A KTO 3aHMMancs npogpunuposaHnem B Go?

BeHumapku B _test.go?

3Ha4YunT, 3TOT
aoknag ons sac!

©O © O O 0O

Bbl TOYHO 3HaeTe, Kak komnunmposaTtb B Go!

ozoNiech



AGENDA

ozoNiech

01

02

03

0z

YT1o0 Takoe
PGO?

Kak
MCnonb30BaTb?

Heckonbko xutpocteun
npu ncnonb3oBaHuUun!

Kakue pe3ynbkraTbl MOXHO
NONY4YUTb U TaK NN OHU
3Ha4YUTEesbHbI?



ozoNiech

00
% TOPbKAA NPABOA

PGO — He «cepebpsiHas
nyna», a nNuilb elwle oguH
MHCTPYMEHT, KOTOPbIU Bbl
MOXXETE UCMONb30BaTh

B CBOMX MNpOeKTax
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UTO Mbl MOXEM NONy4YnTb?

. .

«As of Go 1.22, benchmarks for a representative set of Go programs
show that building with PGO improves performance by around 2-14%.»

o v

® https://go.dev/doc/pgo

ozoNiech 12


https://go.dev/doc/pgo

A 4YTO BHYTPU?

01

TpaHcdopmauums
CPU-npodung
BO B3BELUEHHbIN
rpac BbI3OBOB

_

02

KoppekTnpoBka
BrogkeToB Ha inlining
ONS «KTOPSYUX»
BbI30OBOB

03

HenocpencrtBeHHO
inlining

ozoNiech
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KopoTko: 4To Takoe inlining?

o

OnTnmusauyms, Kotopas
3aKn4vaeTcd B NoacTaHOBKe
Tena oyHKUUnM B MeCTO

e€ BbI30Ba

~

ozoNiech



KopoTko: 4To Takoe inlining?

OnTnmusauyms, Kotopas
3aKn4vaeTcd B NoacTaHOBKe
Tena oyHKUUnM B MeCTO

e€ BbI30Ba

-

~

ozoNiech

Yny4dLieHue npon3BOANTENBHOCTY

YMeHbLUEHNE HaKNaaHbIX
pacxXxogoB Ha BbI3OB

YJ'lquueHme onTuMmn3aummn

YBennyeHue pasmepa
ncnonHsaemoro dgavna

15



[Tpumepbl pe3ynbTaTtoB oNTUMU3aLMn

& MpumeHeHne PGO k G1BnmnoTeke 1 « MUKpO»-6eHYMapKu

& VismeHeHue notpebnenna CPU Ha yposHe cepsuca nocne PGO

ozoNiech
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«Mukpo»-b6eHumapku

_Trace_ServerUnaryInterceptor-8
MatchEnlarged/client_and_handler_match-8
_HeaderSanitizerUnaryInterceptor-8

_HeaderSanitizerStreamInterceptor-8

Limiter_UnaryServerInterceptor-8
MatchEnlarged/client_and_handler_wildcard-8
MatchRealistic/client_and_handler_match-8
MatchEnlarged/handler_wildcard-8

ozoNiech
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[ToTpebnerHne CPU

Ha npumepe aByx cepsucoB B Production-knactepe Kubernetes:

ozoNiech
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[ToTpebnerHne CPU

Ha npumepe oByx cepsucoB B Production-knactepe Kubernetes:

01/28 00:00 01/29 00:00 01/30 00:00 01/3100:00 02/01 00:00 02/02 00:00 02/03 00:00 02/04 00:00

ozoNiech




[ToTpebnerHne CPU

Ha npumepe oByx cepsucoB B Production-knactepe Kubernetes:

W

|
| .: 'l

|
; I it
a1 1 P L. U

01/21 00:00 01/22 00:00 01/23 00:00 01/24 00:00 01/25 00:00 01/26 00:00 01/27 00:00 01/28 00:00 01/29 00:00 01/30 00:00 01/31 00:00
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N kak >xe ncnonb3osatb PGO?

[01 Cobepute Bally nporpammy Ha Go 1.20+ j
/ o000 \
02 CobepuTte pprof-npocuns no CPU:
* runtime/pprof nnn net/http/pprof
f [ X N} b
03 CobepwuTe Bawy nporpammy ¢ PGO:
« donar -pgo
o J
/ o000
04
& J
/ 00.\
05 Bo3moxHbIn profit!
- J

ozoNijech 21



[TpakTnKa

ozoNiech

BkntoueHne PGO

MecTto gna davna npodgungd

«A mbl Bkitounnun PGO?»
ObbeanHeHne HeCKONbKNX npodunen
Kak noHATL, 4TO 661110 BCTPOEHO?
[eb6ar-donarn — JlornposaHue

[ebar-conarn — brogxet

22



®dnar komnunaTtopa

-
1.20

dnar -pgo npu cbopke
Unun 3anycke, 3HayeHne —
NOMNHbIM NYTb A0 havna

\_

ozoNiech

4 R
1.21 nancue

Y cbnara Tenepb 3Ha4yeHue auto,
a 9TO 3HAYUT, YTO KOMMUNATOP
aBTOMaTU4eCKn BO3bMET
default.pgo npu ero Hann4um

. /

29




MecTto anga default.pgo

. N

KoppekTHoe mecTo ans default.pgo — pagom ¢ Kaxabim
main.go, a He B KopHe moayns!

! /I

ozoNiech 24



A BkntodeH nn PGO?

go version -m golangci-lint | grep pgo

build -pgo=/Users/kavu/golangci-lint/cmd/golangci-lint/default.pgo

ozoNiech
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Heckonbko npodounen? ObbegnHmnm!

MoXXHO 00beANHNTL HECKOSTbKO npodunen!

go tool pprof -proto *.pgo > total.pgo

121K Feb 20 16:55 all.pgo

72K Feb 20 16:55 all2.pgo

71K Feb 20 16:55 all3.pgo

74K Feb 20 16:55 all4.pgo

73K Feb 20 16:55 all5.pgo

222K Feb 20 16:08 basic.pgo
220K Feb 20 16:23 basic2.pgo
221K Feb 20 16:19 optimized.pgo

598K Feb 20 18:28 total.pgo

ozoNiech
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bonbLon CPU-npoduns — gornblie cbopka

1 npodpunbe — 35 cekyHA

100 npodounen — 202 cekyHAObI

600 npochunen — & 22 MUHYTHI

M go tool pgopack — golang/go #58102, proposal o co3gaHuu
NPOMEXYTOYHOro doopmara anga rnpenpoueccuHra npodunen,
C Leriblo YCKOPEHUS KOMNUNALNK

ozoNiech
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https://github.com/golang/go/issues/58102

Kak NoHATb, 4TO ObIS10 ONTUMU3NPOBAHO?

® CpasHutb CPU-npodunb «ao» v «nocne»

& [Lebar-conaru B gcflags cneunansHo ana PGO

ozoNiech
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CpasHum CPU-npodunu: ao

pprof view

Flat

Flat% Sum%

2.86s 20.41% 20.41%
2.20s 15.70% 36.12%
1.41s 10.06% 46.18%

1.39s
0.87s
0.85s

ozoNiech

9.92% 56.10%
6.21% 62.31%
6.07% 68.38%

SAMPLE

Cum
3.58s
7.54s
1.95s
1.39s
0.87s
4.80s

REFINE CONFIG DOWNLOAD pgo-presentation cpu

Cum%
25.55%
53.82%
13.92%
9.92%
6.21%
34.26%

Name
fmt.(*fmt).fmtinteger
fmt.(*pp).doPrintf
runtime.mallocgc
runtime.kevent
runtime.madvise

fmt.(*pp).printArg

Inlined?




CpaBHum CPU-npodunu: nocne

pprof VIEW SAMPLE REFINE CONFIG DOWNLOAD pgo-presentation cpu

Flat Flat% Sum% Cum Cum% Name Inlined?
2.65s 19.57% 19.57% 3.54s 26.14% fmt.(*fmt).fmtinteger (inline)
1.96s 14.48% 34.05% 7.12s 52.58% fmt.(*pp).doPrintf (inline)

1.33s 9.82% 43.87% 1.33s 9.82% runtime.kevent
1.24s 9.16% 53.03% 1.96s 14.48% runtime.mallocgc
1.05s 7.75% 60.78%  1.05s 7.75% runtime.madvise
0.75s 554% 66.32% 4.53s 33.46% fmt.(*pp).printArg

ozoNiech




KctaTtu, cpaBHUTb MOXET U cam pprof

pprof

Flat
0.03s
0.02s
0.02s
0.01s
0.01s
0.01s
0.01s
0.01s
0.01s

VIEW

Flat%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

SAMPLE

Sum%
0.00%
0.00%
0.01%
0.01%
0.01%
0.01%
0.01%
0.01%
0.01%

Cum
-9.79s
-6.01s

-10.80s
-4.29s
-3.79s

-20.52s

-13.62s
-7.42s
-5.33s

REFINE

Cum%
-0.97%
-0.59%
-1.07%
-0.42%
-0.37%
-2.03%
-1.35%
-0.73%
-0.53%

CONFIG DOWNLOAD unknown cpu

Name
honnef.co/go/tools/go/ir.makeWrapper
sort.Sort

runtime.mcall

runtime.preemptM

honnef.co/go/tools/go/ir.(*builder).addr

honnef.co/go/tools/go/ir.(*Function).finishBody
honnef.co/go/tools/analysis/code.Preorder
go/types.(*Checker).stmt
go/types.(*Checker).expr

go tool pprof -http=:3000 -base=default.pgo pgo-optimized.pprof

ozoNiech
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[ebar-conaru

> go tool compile -d help

usage: -d arg[,argl]* and arg is <key>[=<value>]

<key> is one of:

abiwrap
append
checkptr
0:
1
2
closure
defer

ozoNiech

print information about ABI wrapper generation
print information about append compilation
instrument unsafe pointer conversions

instrumentation disabled

: conversions involving unsafe.Pointer are instrumented

: conversions to unsafe.Pointer force heap allocation

print information about closure compilation

print information about defer compilation

32



HNebar-dpnarn gpns PGO

> go tool compile -d help | grep pgo

pgodebug debug profile-guided optimizations
pgodevirtualize enable profile-guided devirtualization
pgoinline enable profile-guided inlining
pgoinlinebudget inline budget for hot functions

ozoNiech

33



JlormpoBaHue pellueHnn

-gcflags='-d=pgodebug=2,pgodevirtualize=3,pgoinline=1"

./main.go:24:7: PGO devirtualize considering call i.Foo()
./main.go:24:7: call main.foo:1: no hot callee
hot-callsite-thres-from-CDF=0.11223344556677892

hot-node enabled increased budget=2000 for func=main.Concrete.Foo
hot-node enabled increased budget=2000 for func=main.calllt

hot-budget check allows inlining for call main.calllIt (cost 105) at ./main.g

b HO MOXHO MOUTK YyTb JanbLue...

ozoNiech 34




Graphviz gnsa hot-paths

-gcflags="'-d=pgodebug=3"

digraph G {
forcelabels=true;
"fmt.Fprintf" [color=black, style=solid, label="fmt.Fprintf,inl_cost=1923"];
"main.foo" [color=black, style=solid, label="main.fo0"];
"main.Concrete.Foo" [color=black, style=solid, label="main.Concrete.Foo"];
"os.Create" [color=black, style=solid, label="os.Create,inl_cost=72"];
"os.(*File).Close" [color=black, style=solid, label="os.(*File).Close,inl_cost=67"];
"main.callIt" [color=black, style=solid, label="main.calllt"];
"main.main" [color=black, style=solid, label="main.main"];
edge [color=black, style=solid];
"main.Concrete.Foo" -> "fmt.Fprintf" [label="9.09"];
edge [color=black, style=solid];

ozoNiech
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Graphviz gns hot-paths

[ main.calllt ]

ozoNiech

A

9.09

[ main.Concrete.Foo }

N

4

9.09

[ fmt.Fprintf,inl_cost=1923 }
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[lebar He TonbKo Ana main

-

o

n

Mbl He Knagem Becb Ko B NakeT main 1 JIorM4HO NOCMOTPETb

onTUMMU3aLUUN N ONS APYrux NakeTtoB, B TOM Yncre ans Moayreu
N3 cTaHgapTHOW BnbnmnoTtekn

!
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[1ns1 std-nakeToB meHee noapobHbIN BbIBOA

-gcflags='-d=pgodebug=3"' -gcflags='std="-d=pgodebug=2""

» go build -o golangci-lint
-gcflags="'-d=pgodebug=3’
-gcflags="'std="-d=pgodebug=2""'
./cmd/golangci-lint 2>&1 | wc -1

7738

ozoNiech
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Bkntoynm ontuMmaaumm Tonbko ang runtime

-gcflags='runtime=-d=pgoinline=1,pgodebug=2"

> go build -0 golangci-lint
-gcflags='runtime=-d=pgoinline=1,pgodebug=2’
./cmd/golangci-lint 2>&1 | wc -1

514

ozoNiech
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[1n9 BCcex NakeTtoB MakCuMarbHbIX BbiBOA

_nglagS='all:ﬂ_d=pgodebug=3u|

» go build -o golangci-lint
-gcflags='all="-d=pgodebug=3""'
./cmd/golangci-lint 2>&1 | wc -1

443940

w BeiBog Oyaet oveHb 60sbLuown, ,
A NOTOMY YTO MNOHATb TaM ByadeT YTO-TO KpanHe CIOXHO!

ozoNiech 40



KoppekTtupoBka inline budget

é )
@ CTOMMOCTb VS
orookeT
N "
4 )
@ O6xon AST AN nonyyYeHus
NOSIHOWU CTOUMOCTU PYHKLNU
N >

ozoNiech

4 )
® Ba30Bblil
orogxker — 80
\_ 02 )
4 I
@ CpaBHeHue
_ 4

41



C orogxetom no ymosn4yanuto (2000)

_nglagS='runtime:ﬂ_d=pgodebug=2u|

hot-node enabled increased budget=2000 for func=runtime.mallocgc
hot-budget check allows inlining for call runtime.deductAssistCredit (cost 95)

at /opt/homebrew/Cellar/go/1.22.0/1ibexec/src/runtime/malloc.go:1006:31

in function runtime.mallocgc

ozoNiech
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C yBenunyeHHbIM orogxetom (3000)

-gcflags='runtime="-d=pgodebug=2,pgoinlinebudget=3000""

hot-budget check allows inlining for call runtime.deductAssistCredit (cost 95)
at /opt/homebrew/Cellar/go/1.22.0/1ibexec/src/runtime/malloc.go:1006:31

in function runtime.mallocgc
hot-budget check allows inlining for call runtime.mallocgc (cost 2137)

at /opt/homebrew/Cellar/go/1.22.0/1ibexec/src/runtime/iface.go:383:15

in function runtime.convT64

ozoNiech
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byayuwee PGO

[ M PGO opportunities umbrella issue — golang/go #62463

01 YnydweHue geBunpTyanusauum
02 Annokauus permctpos

03 PasmblkaHne umMknoB

04 Tlopsgok dpyHKUUM

05 alignment-unknos

ozoNiech

i
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https://github.com/golang/go/issues/62463

KoHeu?

dejo
He «cepebpsHasa nynsa»

Ho B OyayLuem Mbl MOXEM OXuaaTb

HOBbIX ONTUMM3ALNA U YITyHLWEHNA TYSIMHIA, a 3TO 3HAYUT,
YTO BbIMIPbILL MOXET cTaTb borbLue, NO3TOMY CTOUT B3ATb
PGO B Hall apceHan onTMMmMsaumin yxxe cendac.

ozoNiech
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ozoNiech

Cnacubo
3a BHUMaHune!

Makc Pusenpo,
Beaywmin paspabotumk B Ozon




