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Perforator

[TpumepHbIit /1aH

=  O6Ccyaum M3BeCTHBIE TTP0o6ieMbl TPOGUINPOBAHMS
= BcriomuuM, Kak paboraer perf
= VI3y4nuM MMOIXOObI K PACKPyTKe CTeKa
=  [locMoTpuM, Kak ImocTpouTsh cluster-wide mpodpumnanpoBIInK
= JIoKaJIbHbIN ITPOGUAUPOBILIUK
= PacrpeneneHHbI 69KeH]T

= [Ipuaymaem, Kak MCIIOIb30BaTh MTOYY€HHYIO0 KOHCTPYKIINIO
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Perforator

[TpemMeTHast 00/1aCTh

= Linux
= x86-64, AArch64

»  HatusHble a3biku: C++, C, Go, Rust
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Kak nmpodunmnpoBath?

[IpodunmpoBaTh Ha MacIITabax OIHON IIPOrpaMMbl Mbl YMeeM
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Kak npoduanpoBaTh?

[IpodunmpoBaTh Ha MacIITabax OIHON IIPOrpaMMbl Mbl YMeeM

=  GDB: https://poormansprofiler.org
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Kak nmpodunpoBaThb?

[TpodbunupoBaTh Ha MaciITabax OgHO IIpOrpaMMbl Mbl yMeeM

= GDB: https://poormansprofiler.org
= Linux perf
» Intel VTune

= VIHTerpupoBaHHbIe MTPOPUINPOBIINKI
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Kak nmpodunpoBaThb?

[TpodbunupoBaTh Ha MaciITabax OgHO IIpOrpaMMbl Mbl yMeeM

GDB: https://poormansprofiler.org

Linux perf
Intel VTune

MHTerpupoBaHHbIe TPOPUINPOBIINKYI
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https://poormansprofiler.org/

Kak npoduauponBarth BeCh
Siunexkc?
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Kak npodunnpoBaTthb Bechb SIHOEKC?

Ham Hy>keH mpodMIMPOBIIMK JIJISI BCEro KaacTepa

= [ne cepBUCHI TPATAIT Keyle30?

= Kak olleHMBaTh pe3yabTaT ONTUMM3AINIi 001X KOMIIOHEHT?
=  Kaxk BemeT ce6s1 KOHKPETHbIN cepBep?

»  Kak yCTpOoeH KOHKPETHbI CepBUC?

= Yro 06111€ero B rpoduiie Harpy3Ku y pa3HbIX CEPBUCOB?
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Kak npoduanpoBaTh Bechb SIHAEKC?

MHOXeCTBO reTeporeHHbIX CEPBMCOB

m  Pa3HbIe A3bIKU

=  PasHble BepCuu paHTanma ¥ KOMIIWJISITOPOB

=  PasHble peskuMbl COOPKU
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Buabl npodmanpoBIINKOB

Bri6upaem npopuanpoBIINK

= JHCTpyMeHTHUpYIOLINe

=  CeMmupyrolye
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Linux perf

= CraHAapTHbIN MPOoGUINPOBIIMK Mof Linux
=  MHOTro peXXnMoB paboThbl, HAM MHTepeceH ceMIUIUpyiounii perf record
= [lommepskuBaeT MHOTO XapJABapHbBIX M COGTBAPHBIX CYETUMKOB

= Pab6oraet uepe3 Performance Monitoring Unit (PMU)
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Performance Monitoring Unit (PMU)

TexHonorus ajist aHaan3sa nmpouspoauTenbHocT CPU

=  CPU pa3 B N cobbITHIT BBI3BIBAET 0COO0€ IMpephIBaHME

= qnpo Linux ero o6pabaTbiBaeT 1 aHAJIM3UPYET COCTOSIHME TIpoliecca
= Henb3s o6paboTaTh B userspace

=  Pa3Hble TUIIbI COOBITUII: TAKTbI, UHCTPYKIMY, TPOMaXy MUMO Kellla U

COTHM CITeIUMUUHBIX [JIs1 apXUTEKTYPbI
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perf record -e cycles -c 1000000 -p 12345
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Reverse| (Search




PackpyTka cteka: frame pointers

foo:

pushg
movl
callg
movl
movl
callg
Popq
retq

%rbx

%edx ,

bar

%eax,
%ebx ,

bar
%rbx

%ebx

%edi
%esi

used stack

RA from foo

Saved rbx

RA from bar

yoels TTED
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PackpyTka cteka: frame pointers

pushg
movq

popg

%rbp

%rbp

; prologue
%rsp, %rbp ;

prologue

; epilogue

g

used stack

C

RA from foo

Saved rbp

Saved rbx

RA from bar

Saved rbp

yoels TTeO

13/48



PackpyTka cteka: frame pointers

=  perf IpgMo B sgape Linux cobupaeT CTeK BbI30BOB

=  Kop pacKpyTKM CTeKa OueHb ITPOCTOi, IerKo BepubuiinpoBaTh
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Yrto He Tak ¢ frame pointers?

[Touemy ObI He BKJIIOUUTD Be3fe?
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Yto He Tak ¢ frame pointers?

[Touemy 6bI He BKJIIOUUTD Be3ie?

»  TepsieM NpOMU3BOAUTEIBHOCTb: TUIIMYHO 1-2%
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Yto He Tak c frame pointers?

[Touemy 6bI He BKJIIOUUTD Be3ie?

TepsieM NIpOU3BOAUTENBHOCTD: TUIIMYHO 1-2%

ITpocagka cuiabHO 3aBUCUT OT Harpysku: B Clickhouse mo 40%
Hy>xHO mepecobupaTh BeCb MUP: AOJITO CXOAUTCSI

EcTbh OMO/IMOTEKM U ITPUJIOKEHMSI, KOTOPbIE HE YAACTCS IepecoopaTh
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Yto He Tak c frame pointers?

[Touemy 6bI He BKJIIOUUTD Be3ie?

= TepseM pOU3BOAUTEIbHOCTb: TUIIMYHO 1-2%

= [Ipocagka cuabHO 3aBUCUT OT Harpysku: B Clickhouse mo 40%

=  HyyXHO repecobupaTh BeCb MUP: JOJITO CXOAMUTCS

=  EcTb 6M6IMOTEKM U TIPUIOKEHNSI, KOTOPbIE HE YAACTCS MepecoopaTh

=  EcCTb pyKOIMCHBIN acceMbyiep: Hy;KHO IMpaBUTh MHOTO KOJia
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PackpyTka creka: DWARF

DWARF - dopmat oT/1agouHoit uHpopmaium

JIJ1s1 KaskI 0l MHCTPYKIMY B UCIIONHSIEMOM (haiijie 3aKOAMPOBaHO, KaK
PaCKpPYTUTD CTEK U3 Hee

=  Hy)XKHO BBIUMCJINTD COCTOSIHME PETUCTPOB HA MOMEHT BbI30Ba QYHKIIUMU
= J3 rsp TpMBUAIBHO MOJy4YaeTcs agpec BO3BparTa

= [loBTOpsieM ISl ciienmyioneit GyHKIUM
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PackpyTka crexka: DWARF

[TpaBuia /151 BBIYMCIEHMST COCTOSIHUSI PETMCTPOB B Hauaie QyHKIIUU

O 00 N O LT DN W N B

B
= o©

foo:
push
push
push
sub
add
pop
pop

pop
ret

%rbp
%rl4
%rbx
$0x400,%rsp

$0x400,%rsp
%rbx
%rl4
%rbp

O 00 N O LT DN W N B

B
= o©

CFA
rsp+8
rsp+16
rsp+24
rsp+32
rsp+1056
rsp+32
rsp+24
rsp+16
rsp+8

RA

CFA-8
CFA-8
CFA-8
CFA-8
CFA-8

CFA-8
CFA-8
CFA-8
CFA-8
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PackpyTka crexka: DWARF

[TpaBuia /151 BBIYMCIEHMST COCTOSIHUSI PETMCTPOB B Hauaie QyHKIIUU

O 00 N O LT DN W N B

=S
N RO

foo:
push
mov
push
push
sub

add
pop
pop

pop
ret

%rbp
%rsp, %rbp
%rl4
%rbx
$0x400,%Trsp

$0x400,%rsp
%rbx
%rl4
%rbp

O 00 N O LT DN W N B

=S
N RO

CFA
rsp+8
rbp+16
rbp+16
rbp+16
rbp+16
rbp+16
rbp+16
rbp+16
rbp+16
rsp+8

RA

CFA-8
CFA-8
CFA-8
CFA-8
CFA-8
CFA-8

CFA-8
CFA-8
CFA-8
CFA-8
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CFA = *(rsp + 8 + r9 << 3) + 8
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DWARF He packpyTuTs B sgape Linux

OTBeT Ha MMOIBITKY peaan30BaTb pacKpyTKy uepe3 DWAREF:
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DWARF He packpyTuTs B sgape Linux

OTBeT Ha MMOIBITKY peaan30BaTb pacKpyTKy uepe3 DWAREF:

I never ever want to see this code ever again. (...) An
unwinder that is several hundred lines long is simply
not even remotely interesting to me. (...) In the absence
of that, just follow the damn chain on the stack without
the "smarts" of an inevitably buggy piece of crap.

— Linus Torvalds
20/ 48



Yto He tak ¢ DWARE?

[TpuxoauTcs pacKpyuMBaTh CTEK B userspace

=  KomnupyeT BepxylIlKy cTeKa u3 kernelspace B userspace Ha Kask[Ibli1 CEMILT
= [loctripoueccuur: mapcut DWARF n packpyunBaer cTex yke mocje 3armcu
=  BosbIoit pasMep Tpacchl: COTHM MEradamT B CeKYHIY

= O6pe3aeT cTeku: MakcuMym 64KiB 13 2MiB gocTyrHoro creka
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[Touemy He perf?

EcTb paTanbHbIN HETOCTATOK
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[Touemy He perf?

EcTb paTanbHbIN HETOCTATOK

Hy>kHO mepecodupaTh IpOrpamMmbl

1 $ perf record --call-graph=fp
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[Touemy He perf?

EcTb paTanbHbIN HETOCTATOK

Hy>kHO mepecodupaTh IpOrpamMmbl

1 $ perf record --call-graph=fp

Obpe3aHHbIe CTeKU

1 $ perf record --call-graph=dwarf
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Reverse| (Search




Reverse) (Search)

I




Clickhouse flamegraph with DWARF stack size limit of 1024 bytes Showing 1925 frames
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Clickhouse flamegraph with DWARF stack size limit of 256 bytes Showing 1535 frames

- DpBx:C..  DBuCo.. | _ZNSt3__116_v..  DB::MergeTreeIndexAggr.. N ]
[T TS N DN VS N W (I —— [ T I
T Wi il T [T I il
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Clickhouse flamegraph with DWARF stack size limit of 16 bytes Showing 1844 frames
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Reverse| (Search




Reverse| (Search




Clickhouse flamegraph with DWARF stack size limit of 65528 bytes Showing 1818 frames
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Kak ObITH?
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Perforator agent

»  BbINOJIHSIETCS HA KaXKI 0 HOJle KinacTepa

= CoOupaeT nmpoduan co Bceii HOIbI U OTIIpaBJisieT B 6a3y nmpodueii
=  MOKHO MCITOJIb30BaTh B KAUECTBE KIACCMYECKOTO MPOopMUIMpOBIIKA

=  He TpebyeT MomuduKauyy Koga uim repecOOpku mporpamm
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Perforator

Hy>KHO KaKk-TO PaCKpyTUTh CTeK B siape Linux
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Perforator
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Perforator

Hy>KHO KaKk-TO PaCKpyTUTh CTeK B siape Linux

= [laTyu B 48pO0O
= Mopnynu agpa
= eBPF
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Perforator

Hy>KHO KaKk-TO PaCKpyTUTh CTeK B siape Linux

= [laTyu B 48pO0O

= Mopnynu agpa

. @
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Hemuoro npo eBPF

= Bepuduiiupyemsbie Iporpammsl 118 crieriaabHoit VM BHYTpU Linux

= [apaHTMpPOBAHHO He comepXkUT UB (eetit-tonbro Bstape HeT 6aros)
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Hemuoro npo eBPF

MHOXeCTBO OFpaHquHMVIZ He Tb}OpI/IHF-HOHHbIe, €CTb JIMMUT Ha CJIOKHOCTb

= [IMKJIBbI TOJBKO HA KOHCTAHTHOE YMCJIO UTepaluit
= CJIOKHO HamucaTh 6MHAPHBIN TOUCK
= HeTpuBuasibHbIe MPOTPAMMBbI HY3KHO JTOJITO ONITUMMU3UPOBATh IO/,

BepuduKaTop
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eBPF meets Linux perf

B Linux ectb nmoaaep>kka Bbi3oBa eBPF-1riporpammel Ha mpepbiBaHue ot PMU

=  MoxkeM MOCTPOUTH CBOJ perf
= Ha kaxzpie N TaKTOB M3y4yaeM COCTOSIHME IIPOrpaMMbl
=  MoxkeM NOHSITbh OYKBaJIbHO BCe PO MPOIecc

»  Kak pacKpyTUTb CTEK?
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eBPF meets DWARE?

Eciu cmoskeM packpyTtuTb yepe3 DWARF, To mobenym. Ho kak?

38/48



eBPF meets DWAREF?

Ecnu cmoxkeM packpyTuTh yepe3 DWARF, To mob6enyim. Ho kak?

=  HyKHO BBINOIHUTD KOZ, 151 BUPTyaabHOM MaminHbel DWARF
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=  HyKHO BBINOIHUTD KOZ, 151 BUPTyaabHOM MaminHbel DWARF
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eBPF meets DWARE?

Ecnu cmoxkeM packpyTuTh yepe3 DWARF, To mob6enyim. Ho kak?
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eBPF meets DWARE?

Ecnu cmoxkeM packpyTuTh yepe3 DWARF, To mob6enyim. Ho kak?

=  HyKHO BBINOIHUTD KOZ, 151 BUPTyaabHOM MaminHbel DWARF

= [locmoTpum BHMMaTenbHO Ha DWARF, KOTOPBIN MUIIYT KOMITUIISITOPbI
= 100% mpaBmJI pacKpyTKU — 3T0 rsp+offset u rbp+offset

=  MOXXHO ITOCTPOUTD 00JIETYeHHYIO BepPCHI0 TabaUIIbI PACKPYTKM 6€e3

TbIOPUHT-TIOTHOTHI!
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@rnelspace

| Trigger PMU

interrupt

\ I// /’ \\\ J
ll i \‘
Setup Setup '.
eBPF program DWARF unwind Report
‘\\ /tables s ample
\\\ /// . - - (
@erspac\e\ 7 Ve
\\ // L’- -
77
Perforator | -_____~ 7 ’
agent “777  Export profile L
0 J

CPU

Network
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Perforator agent

I[Tpo overhead

= CPU: okoio 0.2% Ha peanbHBIX IPUIOKEHUIX

= 3aBMCUT OT YacTOThI cOopa ceMIioB. Y Hac 99Hz ¢ omHoro sapa

= RAM: 1% oT mamMsaT Xocra

= (Cejfuac HempepbIBaHO MpoduIMpyeM Bce IIPoLecchl, 6e3 opt-in
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Perforator symbolizer

[IpeBpaiaTh agpeca MHCTPYKIIUI B Ha3BaHMS (QYHKIIMIT JOPOTo

=  AreHTbI OTIIPABJISIIOT afpeca U UaeHTUdUKATOPbI MCIOMHSIEMbIX (aitioB
=  CUMBOIU3UPYEM BCE B OOHOM TOUKE
=  MakcuMaJIbHO TOYHO ITOKa3biBaeM 3ayH/IaliHeHHble PyHKIMN. JTyulie

ToMbKO gdb
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Perforator storage

ba3a maHHbIX poduiieit

= Xpanuauiie nosepx Clickhouse + S3

= [IpyHMMaeT mpoduan 13 TPoOU3BOJIbHBIX UCTOUHMKOB B (opmate pprof

=  XpaHUT NOC/Ied0BaTeIbHOCTY aTOMapHbIX Ipodueii. Koy
10C/Ie0BaTeIbHOCTY — HA60P METOK

= [Io pa3HbIM MPOEKILMSIM CTPOUT MIpeaarperaTsol
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$ perforator fetch '{

service = "yandex.search'",
timestamp > "10:00",
node id = '"serverl23.yandex.net"

}' -o flamegraph.html
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Cluster-wide nmpodunmpoBIuK caenaH. Kak npuMeHsSITh?
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Perforator. Kak ucrojib3oBaTh?

Cluster-wide nmpodunmpoBIuK caenaH. Kak npuMeHsSITh?

=  Omiagka Ipob6sieM ¢ IPOU3BOAUTEIbHOCTbIO B ITPOIILIOM

= CPU Ha CTpPOYKY: CKOJIbKO Kaxkaas cTpouka cxkuraet CPU?

= Wall-time profiling: rae rpoiiecc TpaTUT peajbHOe BpeMsi?

= Yrenue thread_local 3HaueHMit: mpoduib npo A/B Tectam

= Tenepanus nmpoduneit gjiast AutoFDO. PGO 6e3 cJIOKHBIX CTEHIOB

=  Minicores: 3amMcbiBaeM JIeTKOBeCHbIE CTEKTPeCchl TPy QaTalbHbIX

curHanax (Bkiarwouas SIGKILL!)

45 /48



Yrto ganpuie?
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Yrto pganpuie?

=  Bepum, 4TO cucTeMa OyeT mojge3Ha MUpy
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Yrto pganpuie?

=  Bepum, uTo cuctema OyzeT rojge3Ha Mupy

= Jlnanupyem B 2024 rony BoiiiTy B OpenSource
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UTto nanbuie?

=  Bepum, uTo cuctema OyzeT rojge3Ha Mupy

= Jlnanupyem B 2024 rony BoiiiTy B OpenSource

s JKgute HOBOCTEI!
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BrIBOIbI
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BbhIBOIbI

=  Mexnoy «BepHyTb frame pointers» 1 «0TKa3aTbCs OT TPOGMINPOBAHMSI»

MOJXHO He BbI6I/IpaTb
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BbhIBOIbI

=  Mexnay «BepHYTb frame pointers» 1 «0TKa3aThCsI OT MIPOOUIUPOBAHMSI»
MO3KHO He BbIOMpATh

=  eBPF - HOBas 1aBa B UICTOPpUM aHA/IM3a IIPOU3BOAUTEILHOCTU

= DWARF He kaTacTpoduuecKy CJIOSKHbIN

= Perforator emet B OpenSource!
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Criacub6o!

Bynem pazibl OTBETUTD Ha BalllM BOIIPOCHI
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