Huxe Kubernetes:
PaccnenoBaHnd B
GPU-kKnacrtepax Ha
Talos Linux




AHTOH
bypynes

Benywmnin nHxeHep,
Spirit Runtime Compute

= [lenan onga SberCloud GPU Kubernetes no

KHonke and DMZ 30H

= GPU B Baremetal Kubernetes BnepBble

noTporan B cepBepHoi ALLiaHa

= B T-baHKe cTpoto nnatdopmy Ha base
Kubernetes, B Tom 4ncne n ong 3anycka GPU

Harpy3Ku



Spirit Ru ntime Ctpounm K8S aaS
com pUte = OT1BeYyaem 3a K8S n Bce UYTO ero oKpy»xaet —

OC, GPU, CNI, CSIwn 1o

= CTpouM aBTOMATU3NPOBAHHYIO MNOCTaBKY Ha
0a3e Cluster API




Spirit Ru ntime Ctpounm K8S aaS
com pUte = OT1BeYyaem 3a K8S n Bce UYTO ero oKpy»xaet —

OC, GPU, CNI, CSInTno
= CTpoum aBTOMATN3MPOBAHHYIO NOCTaBKY Ha
ba3ze Cluster API

[eTeporeHHas NHpPaACTPYKTypa

= OC - Ubuntu, Talos
= On-prem, Cloud, Baremetal




Spirit Ru ntime Ctpounm K8S aaS
com pUte = OT1BeYyaem 3a K8S n Bce UYTO ero oKpy»xaet —

OC, GPU, CNI, CSInTno
= CTpoum aBTOMATN3MPOBAHHYIO NOCTaBKY Ha
ba3ze Cluster API

[eTeporeHHas NHpPaACTPYKTypa

= OC - Ubuntu, Talos
= On-prem, Cloud, Baremetal

Lndpbl

= 250k+ vCPU, 1.5 PB RAM
= 300k nogoB
= 3 roga Ha Talos B Production



copep)XxaHue

01

02

03

04

05

06

GPU po Talos

GPU n Talos

[Mpobnema O — MNepBas BcTpeya ¢ LLM

[Mpobnema 1 — MeponeHHbIin 3anycK

[Mpobnema 2 — Bbicokuia latency

BbiBOObI



GPU no Talos

BupTyanbHble mawinHbl ¢ Ubuntu
= 1BM-1GPU

= Kakgbii pod moxket nonyyntb 1 GPU



GPU no Talos

BupTyanbHble mawinHbl ¢ Ubuntu
= 1BM-1GPU

= Kakgbii pod moxket nonyyntb 1 GPU

[IpoCcTOTa YCTAHOBKMW

= NVIDIA GPU Operator

= EpnHCTBEHHAs CNOXHOCTb — cOOpKa apariBepa nog OC



NVIDIA GPU Operator - KOMNOHEHTDI

Operator
YnpaBngeT Bcem XXWU3HEHHbIM LIKITOM
GPU B Knactepe



NVIDIA GPU Operator - KOMNOHEHTDI

Operator
YnpaBngeT Bcem XXWU3HEHHbIM LIKITOM
GPU B Knactepe

Driver
NHTerpauma GPU c OC
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NVIDIA GPU Operator - KOMNOHEHTDI

Operator
YnpaBngeT Bcem XXWU3HEHHbIM LIKITOM
GPU B Knactepe

Driver
NHTerpauma GPU c OC

Container Toolkit
NHuTerpauna GPU ¢ Container Runtime
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NVIDIA GPU Operator - KOMNOHEHTDI

Operator Device Plugin
YnpaBnseT Bcem XXN3HEHHbIM LKITOM NHTerpauunsa GPU ycTponcts ¢ kubelet
GPU B Knactepe

Driver
NHTerpauma GPU c OC

Container Toolkit
NHuTerpauna GPU ¢ Container Runtime
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NVIDIA GPU Operator - KOMNOHEHTDI

Operator Device Plugin
YnpaBnseT Bcem XXN3HEHHbIM LKITOM NHTerpauunsa GPU ycTponcts ¢ kubelet
GPU B Knactepe

Driver Monitoring & Discovery
NHTerpauma GPU c OC IHBeHTapmn3aumsa n coop METPUK C
GPU

Container Toolkit
NHuTerpauna GPU ¢ Container Runtime
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NVIDIA GPU Operator - KOMNOHEHTDI

Operator Device Plugin
YnpaBnseT Bcem XXN3HEHHbIM LKITOM NHTerpauunsa GPU ycTponcts ¢ kubelet
GPU B Knactepe

Driver Monitoring & Discovery

NHTerpauma GPU c OC IHBeHTapmn3aumsa n coop METPUK C
GPU

Container Toolkit [JononHutenbHbie KOMMOHEHTDI

NHTerpauna GPU c Container Runtime vGPU, MIG, MPS n T.40.

14



NMepexon B Baremetal
Talos

CoxpaHeHune TeKyLnX
Crnoco00B NOCTaBKK

Sidero — rotoBblIi
NHDPACTPYKTYPHbIIA NpoBaiaep
onsa Cluster API
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NMepexon B Baremetal
Talos

CoXpaHeHMne TeKYLWnX MimmyTabenbHOCTb
Crnoco00B NOCTaBKK

Sidero — roToBbIl = Rootfs — readonly
NHPPACTPYKTYPHbIA NpoBainaep = Hert shell, package manager

nns Cluster API

16



NMepexon B Baremetal
Talos

CoXpaHeHMne TeKYLWnX MimmyTabenbHOCTb
Crnoco00B NOCTaBKK

Sidero — roToBbIl = Rootfs — readonly
NHPPACTPYKTYPHbIA NpoBainaep = Hert shell, package manager
nnsa Cluster API

[JeknapaTnBHoe
vrnpaBieHune

= YAML koHpurypaumna OC
= Habop KOHTPONEepOoB KaK B
Kubernetes

17



NMepexon B Baremetal
Talos

be30nacHOCTb

" MTLS ¢ KOPOTKOXNBYLLWMI
cepTupuKaTamm
= Hardening aapa
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NMepexon B Baremetal
Talos

be3onacHOCTb Kubernetes only
= MTLS ¢ KOPOTKOXKNBYLLIMIA = ABTOMAaTM3auUNsa 6a30BbIX
cepTndunKatamm OencTBUiA

= Hardening sapa =" YnpasneHue etcd
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NMepexon B Baremetal
Talos

be3onacHOCTb Kubernetes only

= MTLS ¢ KOPOTKOXKNBYLLIMIA = ABTOMAaTM3auUNsa 6a30BbIX
cepTndunKatamm OencTBUiA

= Hardening sapa " YnpaBneHune etcd

ddemepHOCTb

= MuHMManNMUCcTNYHbIN 0bpa3

OC

= HoAabl NPOEKTNPYIOTCA KakK

BPEMEHHas CYLIHOCTb

20



ba3oBbin Talos

Bca OC — cxxatbiid initramfs — 88 MiB

Rootfs — npyMoHTMPOBaHHbIN squashfs

Bcero okono 40 buHapHMKOB

-

\_

N

—/

-

modules.dep Base Talos
7y A
modules.dep Base Talos

\_

—/

/ITOroBbIiA
rootfs

Base rootfs
squashfs
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Talos n GPU:
Cno)XXHocCcti

Mopaynn agpa

= 3anpelieHa gMHammnyeckasa 3arpyska
mopaynein appa
= [1ng 3arpy3ku mogynsa aapa Hy>XHa nognnch
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Talos n GPU:
Cno)XXHocCcti

Mopaynn agpa

= 3anpeLlleHa gnHammyeckas 3arpyska
mopaynen agpa
= [1nd 3arpy3kun moaynsa aapa Hy>kKHa noanmch

C Library

" Talos Linux ncnonbsyet musl
= Bce komnoHeHTbl NVIDIA opneHTpoBaHbl
Ha glibc
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Talos n GPU:
Cno)XXHocCcti

Mopaynn agpa

= 3anpeLlleHa gnHammyeckas 3arpyska
mopaynen agpa
= [1nd 3arpy3kun moaynsa aapa Hy>kKHa noanmch

C Library

" Talos Linux ncnonbsyet musl
= Bce komnoHeHTbl NVIDIA opneHTpoBaHbl
Ha glibc

OtcytctBMe shell

Container Toolkit ncnonb3yert shell 0bepTku

24



Talos n GPU:
Talos <1.13

Extensions

= Mopaynun aopa NVIDIA-gpanBepa
= Userspace komnoHeHTbl NVIDIA -
Container Toolkit n 3aBucumocTn

25



Extensions

ToroBbii
Modules.dep Base Talos rootfs

B B Base rootfs

Modules.dep Base Talos squashfs
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Extensions

Modules.dep

Base Talos

NVIDIA Userspacelﬁ

NVIDIA Userspace

Modules.dep

AN

Base Talos

AN

ITorosbin
rootfs

NVIDIA Userspace
Extension
squashfs

Base rootfs
squashfs
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Extensions

Modules.dep

NVIDIA Modules

Base Talos

NVIDIA Userspacelﬁ

NVIDIA Modules

NVIDIA Userspace

Modules.dep

AN

Base Talos

ITorosbin
rootfs

NVIDIA kernel modules
Extension
squashfs

NVIDIA Userspace
Extension
squashfs

Base rootfs
squashfs
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Extensions

NVIDIA Userspacelﬁ

Modules.dep NVIDIA Modules Base Talos
!
Modules.dep
|
NVIDIA Modules
NVIDIA Userspace
Modules.dep B Base Talos B

ITorosbin
rootfs

Generated
modules.dep
squashfs

NVIDIA kernel modules
Extension
squashfs

NVIDIA Userspace
Extension
squashfs

Base rootfs
squashfs
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Extensions

[eHepupyeTcs HOBbI modules.dep

Bce squashfs 3awmBatorcs B initramfs
obpaza OC

[pwn 3anycke Talos extensions
MOHTUPYIOTCA OPYIr Han APYyrom no
npuHunny overlayfs

modules.dep NVIDIA Base Talos NVIDIA
modules userspace
A A A
modules.dep
NVIDIA
modules
NVIDIA
userspace
modules.dep Base Talos

(EEEEEEEE Gy e——

O\

ITorosbii
rootfs

Generated
modules.dep
squashfs

NVIDIA kernel modules
Extension
squashfs

NVIDIA Userspace
Extension
squashfs

Base rootfs
squashfs
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Extensions:
OcobOeHHOoCTI

CNO)XHOCTIN C OOHOBNEHNEM

" Bepcuin KOMNOHEHTOB NMpuBsA3aHbl K Bepchn Talos

= (OOHOBNEHNE KOMMOHEHTOB B paMKax TEKYLLE Bepcun

Talos — kacTomHasi cbopka extensions
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Extensions:
OcoOeHHOoCTI

CNO)XHOCTIN C OOHOBNIEHNEM

Bepcuim KOMNOHEHTOB NpuBsi3aHbl K Bepcuin Talos

OOHOBMNEHME KOMMOHEHTOB B paMKax TEKYLLE Bepcuy

Talos — kacTomHasi cbopka extensions

[MToanucb mopynen sapa

[loanncb YHMKanbHa 1 OOCTYMNHa TO/bKO Ha 3Tane

cOOpPKY

OOHOoBNEHNe Bepcun moaynsa — nepecoopka sapa Talos

32



Talos n GPU:
Talos <1.13

Extensions

= Mopaynun aopa NVIDIA-gpanBepa
= Userspace komnoHeHTbl NVIDIA -
Container Toolkit n 3aBucumocTn

NVIDIA GPU Operator?

33



s

driver.enabled = false
toolkit.enabled = false

NVIDIA GPU Operator?

>: Driver Daemonset

| HE CO30a€EeTCH

BN
—]
o
=]
~
—
O
Q
D
=
@)
-
n
(q))
—*

y He co3paetcs

4 v )
NVIDIA operator validator

_ [1poBepseT Hannyne gparieBepa Ha XocTe y

- = ==
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s

driver.enabled = false

NVIDIA GPU Operator?

toolkit.enabled = false

>: Driver Daemonset
| He co30aeTcH

—~ - - =

————————————

Toolkit Daemonset

He co3paeTco
y U - U HasTE
~ v )
NVIDIA operator validator
_ [lpoBepseT Hannyne gpaniBepa Ha XxocTe )

CtaHOapTHbIN NYTb

4 \L )
chroot /host nvidia-smi

\_ \]/ Y,
N m—
nvidia-smi He mo)XeT

kHa|7|T|/| [etc/ld.so.cache

- = ==
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NVIDIA GPU Operator?

4 . A S
driver.enabled = false A | Driver Daemonset : Toolkit Daemonset
toolkit.enabled = false y «  Heco3gaetca |, . He CcO3OaeTcH

D ] ______ T ] ______
4 < . )
NVIDIA operator validator
_ [lpoBepseT Hannyne gpaniBepa Ha XxocTe )
CtaHOapTHbIA NYTb KacToMHbIW NyTb 0O ApaliBepa
[ Hroot [host nvidi \ (nvidia-smi " 6I/I61'IVIOTeKVI\
chroot /host nvidia-smi HaxoasaTCcs B pa3HbIX
- \I/ J _ OpeKTopus y
SR ™ v
nvidia-smi He MOXXeT ~ R
HaliTn Jetc/ld.so.cache HeBo3moXxHO nopobpathb
- J NpaBUIbHOE 3HaYeHne

- = ==




Talos n GPU:
Talos <1.13

Extensions

= Mopaynun aopa NVIDIA-gpanBepa
= Userspace komnoHeHTbl NVIDIA -
Container Toolkit n 3aBucumocTn

~
N

KomnoHeHTbl GPU Operator

= NVIDIA Device Plugin
= MOHNTOPWHT
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Talos n GPU:
[TpoOMeXYTOUYHbIe NTOorn

Bbiunnm B Production

3anycTtunu aBa production

Knacrepa
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Talos n GPU:
[IpoMeXYTOoUYHbIe NTorn

Boiwinn B Production YA3BNMOCTM
3anycTunn gBa production = [lonyynnwn e CVE
Knactepa = [Ipobnema pewinnacb

oOHoBNeHnem Container
toolkit
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Talos n GPU:
[IpoMeXYTOoUYHbIe NTorn

Boiwinn B Production YA3BNMOCTM
3anycTunn gBa production = [lonyynnwn e CVE
Knactepa = [Ipobnema pelunnaco

oOHoBneHem Container
toolkit

Pa3zButune LLM

icnonb3yemasa GPU
nnatgopma He No3BonsAna

3anyckatb LLM

40



NMepexon K HoBonl GPU nnatdopme

TFLOPS

800

600 -

200

Tensor-nponssoantensHocTb (FP16/BF16)

165 TFLOPS

756 TFLOPS
~4 6%

GPU Platform A

GPU Platform B

Bandwidth

3 TB/s A

2 TBJs -

1 TBJs A

CpaBHeHune nponssogutenbHocT GPU nnatpopm

[TponycKHas cnocobHOCTb NaMATIA

933 GB/s

3.35 TB/s
~3.6x

GPU Platform A

GPU Platform B
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NMpo6nemao
3anyckK nepeoro
Knacrepa
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NMpo6nemao
3anyckK nepeoro
Knacrepa

Moprotosunu Talos

Ha Hopgbl ycTaHaBnuBaetcs Talos ¢ NVIDIA
GPU Extensions
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NMpo6nemao
3anyckK nepeoro
Knacrepa

Moprotosunu Talos

Ha Hopgbl ycTaHaBnuBaetcs Talos ¢ NVIDIA
GPU Extensions

K8S ycnewHo onpepenun GPU

BuoeokapTbl BUOHbI B pecypcax Hofabl
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NMpo6nemao
3anyckK nepeoro
Knacrepa

Moprotosunu Talos

Ha Hopgbl ycTaHaBnuBaetcs Talos ¢ NVIDIA
GPU Extensions

K8S ycnewHo onpepenun GPU

BuoeokapTbl BUOHbI B pecypcax Hofabl

Harpy3ka He 3anyckaeTtcH

GPU Harpy3ka otoaeTt owmnbKy, YTo cructema

HEMNPONHNLUWNANN3NPOBaHa

45



CepBep ¢ GPU: OxxnpaHune

~ N R
GPU - GPU

N J |\ )
@ PCle
@) 4
al

s NG A
GPU - GPU

- J L J

4 )
GPU — GPU
\_ Y,
PCle 8,
CPU : L O
)
4 )
GPU — GPU
\_ Y,
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CepeBep ¢ GPU: PeanbHOCTb

4 )
GPU

\- J

4 )
GPU

- J

s )
GPU

\_ J

4 )
GPU

\_ _J

GPU

-
GPU
\_
4
GPU
\_

GPU
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NVSwitch
dabpuka

GPU nogkntoyeHbl B NVSwitch dabpuky
yepe3 NVLink

NVLink 6bicTpee PCle B 7 pas3

be3 nHnymnanmnsaummn NVSwitch gpariBep
He No3BONSET 3anycKaTb Harpy3Ku

ENElEalr

EBlElreles
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NVIDIA
Fabric
Manager

OToenbHbIN AEeMOH

=  OTBeYaeT 3a nHuumnannsaunto NVSwitch ¢pabpnku

= HacTpanBaeT MapLpyT3aLnio 1 TOMOMOrMIo Knactepa
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NVIDIA
Fabric
Manager

OToenbHbIN AEeMOH

=  OTBeYaeT 3a nHuumnannsaunto NVSwitch ¢pabpnku

= HacTpanBaeT MapLpyT3aLnio 1 TOMOMOrMIo Knactepa

Talos extension

" OTtoenbHbIn extension ong yctaHoBKM NVIDIA Fabric
Manager

= B opensource OTCyTCTBOBaNa TOMOMNOrNa A1 Hallero
GPU

50



Talos Extension

Modules.dep

NVIDIA Modules

Base Talos Iﬁ

NVIDIA Userspace

ITorosbin
rootfs

A

&

Modules.dep \

Generated
modules.dep
squashfs

NVIDIA Modules %

NVIDIA kernel modules
Extension
squashfs

NVIDIA Userspace

NVIDIA Userspace
Extension
squashfs

(
(
(s

Base Talos

Base rootfs
squashfs




Talos Extension

Modules.dep

NVIDIA Modules

Base Talos Iﬁ

NVIDIA Userspace

ITorosbin

NVIDIA Fabric Manager

rootfs

&

L

A

Modules.dep \

Generated
modules.dep
squashfs

NVIDIA Fabric Manager

NVIDIA Fabric Manager

Extension
squashfs

NVIDIA Modules Iﬁ

NVIDIA kernel modules
Extension
squashfs

NVIDIA Userspace

NVIDIA Userspace
Extension
squashfs

(
(
(s

Base Talos

Base rootfs
squashfs




[IPOMEeXXYTOYHbIe BbiBOADbI!

HoBas coopka Talos

[ToaroToBUN HOBYIO COOPKY
Talos cneumanbHO Nofd HOBYIO
GPU nnatpopmy

5%



[IPpOMeXXYTOYHbIe BbiBOADbI

HoBas coopka Talos

[ToaroToBUN HOBYIO COOPKY
Talos cneuvanbHO NOA HOBYIO
GPU nnatdopmy

&

TecTnpoBaHue

PacLunpwunm TectnpoBaHume.

[obaBunn 3anyck NPobHOI
GPU Harpysku

o4



[IPpOMeXXYTOYHbIe BbiBOADbI

HoBas coopka Talos

[ToaroToBUN HOBYIO COOPKY
Talos cneuvanbHO NOA HOBYIO
GPU nnatdopmy

&

TecTnpoBaHue

PacLunpwunm TectnpoBaHume.

[obaBunn 3anyck NPobHOI
GPU Harpyskun

3anycTunmn Knacrtep

[lonb3oBaTeni Nnony4Ynnn
BO3MOYXHOCTb 1NCMNONb30BaTh

LLM BHYTpK BaHKa

95



3anycK BTOpPOro
Knacrepa

56



3anycK BTOpPOro
Knacrepa

HoBbil1 BEHAOP

OnbiTa paboTbl C 3TMM BEHAOPOM 00 3TOr0 HE
ObIno

Sf



3anycK BTOpPOro
Knacrtepa

HoBbil1 BEHAOP

OnbiTa paboTbl C 3TMM BEHAOPOM 00 3TOr0 HE
ObIno

HoBbliin Talos

Bonblloe Konm4yectBo KOMMOHEHTOB
oOHOBNsIeTCH
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3anycK BTOpPOro
Knacrtepa

HoBbil1 BEHAOP

OnbiTa paboTbl C 3TMM BEHAOPOM 00 3TOr0 HE
ObIno

HoBbliin Talos

Bonblloe Konm4yectBo KOMMOHEHTOB
oOHOBNsIeTCH

Cgroups v2

[lonb30oBaTeNnbCKNEe NPUNOXKEHNA OOMI0 He
MOrnn nepenTn ¢ cgroupsvl
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NMpo6nema 1
MeaneHHbIN
3anyckK
KOHTEeNHepoBs

60



NMpo6nema 1
MeaneHHbIN
3anyckK
KOHTEeNHepoBs

Moprotosunu Talos

"= Ha Hopobl ycTaHaBnmBaetcs Talos ¢ NVIDIA
GPU Extensions
= JlonoNHWUTENbHO 3anyLleHbl NPOBEPKU
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NMpo6nema 1
MeaneHHbIN
3anyckK
KOHTEeNHepoBs

Moprotosunu Talos

"= Ha Hopobl ycTaHaBnmBaetcs Talos ¢ NVIDIA
GPU Extensions
= JlonoNHWUTENbHO 3anyLleHbl NPOBEPKU

[Tonb3oBaTenn Xanyrtca

KoHTelHepbl gonro sBucAaT B ContainerCreating
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NMpo6nema 1
MeaneHHbIN
3anyckK
KOHTEelNNHepoB

T e R o

Moprotosunu Talos

"= Ha Hopobl ycTaHaBnmBaetcs Talos ¢ NVIDIA
GPU Extensions
= JlonoNHWUTENbHO 3anyLleHbl NPOBEPKU

[Tonb3oBaTenn Xanyrtca

KoHTelHepbl gonro sBucAaT B ContainerCreating

HaynHaem paccnepoBaHue

= Haww TecTbl NOATBEPXKOAOT Npobnemy
= Ha stage npobnema He Bocnpon3BoanTcs
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OXxngaHue

= kubectl describe x

Events:
Type Reason Age  From Message

Normal Pulled 25 kubelet spec.containers{cuda-vector-add}: Container image "docker-
registry.com/cuda-vector—add:cudal2.5.0" already present on machine

Normal Created 2s kubelet spec.containers{cuda-vector-add}: Created container: cuda-
vector—-add

Normal Started 1s kubelet spec.containers{cuda-vector-add}: Started container cuda-
vector—-add
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OXxngaHue

= kubectl describe x

Events:
Type Reason Age  From Message

Normal Pulled 25 kubelet spec.containers{cuda-vector-add}: Container image "docker-
registry.com/cuda-vector—-add:cudal2.5.0" already present on machine

Normal Created 2s kubelet spec.containers{cuda-vector-add}: Created container: cuda-
vector—-add

Normal Started 1s kubelet spec.containers{cuda-vector-add}: Started container cuda-

vector-add

BbICTpbIN Nepexon 13
Created B Started
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PeanbHOCTD

= kubectl describe x

Events:
Type Reason Age  From Message

Normal Pulled 30s kubelet spec.containers{cuda-vector-add}: Container image "docker-
registry.com/cuda-vector—-add:cudal2.5.0" already present on machine

Normal Created 30s kubelet spec.containers{cuda-vector-add}: Created container: cuda-
vector—-add

Normal Started 1s kubelet spec.containers{cuda-vector-add}: Started container cuda-

vector-add

Lonrun nepexon n3
Created B Started
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30 cCeKyH - MHOro nun 310?

ML Harpyska 3anyckaetcsa AocTaTo4HO Oonro:
= 3arpyska mogenn — o1 5 MUHYT

" VIHnuymannsaumna BecoB — OoT 10 MUHYT
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MIG- Multi-
instance GPU

Pa3sgeneHmne GPU Ha HeCKonbko
He3aBUCUMbIX BUPTYyanbHbIX GPU

NVIDIA GPU

1/2 NVIDIA GPU 1/4 NVIDIA GPU

1/6
NVIDIA
GPU
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MIG- Multi-
instance GPU

Pa3sgeneHmne GPU Ha HeCKonbko
He3aBUCUMbIX BUPTYyanbHbIX GPU

Ynyduwaetca ytunnsauna GPU

NVIDIA GPU

1/2 NVIDIA GPU 1/4 NVIDIA GPU

1/6
NVIDIA
GPU
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MIG- Multi-
instance GPU

Pa3sgeneHmne GPU Ha HeCKonbko
He3aBUCUMbIX BUPTYyanbHbIX GPU

Ynyduwaetca ytunnsauna GPU

GPU cTtaHoBUTCA OOCTYNEH ON4
bonbLlero Yncna KomaHa

NVIDIA GPU

1/2 NVIDIA GPU

1/4 NVIDIA GPU

1/6
NVIDIA
GPU
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MIG - 56 mnHun-GPU Ha HOAY

= kubectl describe x

Events:
Type Reason Age From Message
Normal Pulled 2mls kubelet spec.containers{cuda-vector-add}: Container image

"docker-registry.com/cuda-vector—-add:cudal2.5.0" already present on machine

Normal Created 2mls kubelet spec.containers{cuda-vector-add}: Created container:
cuda-vector-add

Warning Failed 1s kubelet Error: failed to start container '"cuda-vector—-add": rpc

‘error: code = DeadlineExceeded desc = context deadline exceeded |

KOHTelHep He ycrneBaeT 3anyCTUTbCS
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[TONCK
npoo6nembl

Iounck

01
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[Tonck
npoo6nembl

Iounck

[Mpobnema nposiBNeTCA MMEHHO

npw 3anycke KOHTenHepa

01
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[Tonck
npoo6nembl

Iounck

[Mpobnema nposiBNeTCA MMEHHO

npw 3anycke KOHTenHepa

01

Cgroups V2

02

4



[Tonck
npoonembl

Iounck

[Mpobnema nposiBNeTCA MMEHHO

npw 3anycke KOHTenHepa

01

Cgroups V2

[nntenbHoe Bpems

nunoTnpoBann Ha dev Knacrepe

02
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[Tonck
npoonembl

Iounck

[Mpobnema nposiBNeTCA MMEHHO

npw 3anycke KOHTenHepa

01

Containerd

03

Cgroups V2

[nntenbHoe Bpems

nunoTnpoBann Ha dev Knacrepe

02
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[Tonck
npoonembl

Iounck

[Mpobnema nposiBNeTCA MMEHHO
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= [lpenblaywWwia KnactTep yCcnewHo

paboTaeT Ha cgroups vl

= cgroupsvl deprecated B Talos 1.10
n Kubernetes 1.31
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CIMNTOMA

OTKaTt Ha cgroups vl

= [lpenblaywWwia KnactTep yCcnewHo

paboTaeT Ha cgroups vl

= cgroupsvl deprecated B Talos 1.10
n Kubernetes 1.31

PeweHue root
cause

YO6patb ANHAMUNYECKNIA
provisioning

= BupeokapTbl — CTaTUYHbIN PecypcC

= CDI -rotoBoe pelieHune
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container runtime
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Container
Device
Interface

Cneundunkauusa gna container runtime

EOVHBLIA cTaHOAPT onucaHng NoaKtYeHNsa YCTPONCTB K

container runtime

CtatTnyeckasa KoHpurypaums

Habop ycTpoincts B Kubernetes ctatnyeHd. OonH pas

creHepunpoBall — NCIOJ1b3YELLUb BECDb YXN3HEHHbIN LNKJT

HOQObI.
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CDIn CDI by default
GPU Ope rator B nocnegHnx sepcuax GPU Operator CDI

NCMNOonb3yeTCAd Nno yMmon4aHuio

108



CDIn CDI by default
GPU Ope rator B nocnegHnx sepcuax GPU Operator CDI

NCMNOonb3yeTCAd Nno yMmon4aHuio

[eHepauuna cneundukKaynn

= Container Toolkit — management goctyn
= Device Plugin — nonb3oBaTtenbCKuia 4OCTYN
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CDIn
GPU Operator

CDI by default

B nocnepHux sepcnax GPU Operator CDI
NCMONb3yeTcs Mo YMOTYaHUIO

[eHepauuna cneundukKaynn

= Container Toolkit — management goctyn
= Device Plugin — nonb3oBaTenbCKniA AOCTYM

MIG - HOBble YyCTpPOINCTBA

[locne pa3ameTkn GPU Operator
nepesanyckaeTt reHepaTopbl crneundunkaunm
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CDI n Talos

HecoBMeCTUMOCTb KOMMNOHEHTOB

= Device Plugin Heobxogum gocTyn K ApanBepy o

reHepaunn cneundurkaunm
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CDI n Talos

HecoBMeCTUMOCTb KOMMNOHEHTOB

= Device Plugin Heobxogum gocTyn K ApanBepy o

reHepaunn cneundurkaunm

HeT rotoBoro peLweHuns

= |ssue 0 nopgoep)xke CDI Ha MOMEHT peLLeHnd

npobnembl 3 mecsiLia 0e3 NpoaBMKEHNI

= [lopoep)xky CDI mobaBunu Tonbko B Talos 1.13
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=  QOperator Validator He paeT 3anycTUTLCA OPYrm
Mpo6nembl

OGHapy)XxeHune gpansepa

= Device Plugin nomxeH creHepupoBatb CDI

cneununKaunto
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3anyck GPU

Operator: |
=  QOperator Validator He paeT 3anycTUTLCA OPYrm
NMpo6nembl

OGHapy)XxeHune gpansepa

= Device Plugin nomxeH creHepupoBatb CDI

cneununKaunto

reHepauna mgmt CDI cneundukaumnm

= Container Toolkit 3anyckaetcs B Legacy pexxunme

=  (CDI Bbikfto4eH B Containerd
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Halle

pelwieHune: | |
= [1ns obHoBneHnsa Container Toolkit He HY)XHO
Bbl BOJ.'I.bI 00HOBNATb Talos

Inochbl

MunHycbI

= Bonbluoe Konnmyectso GOPKOB, KOTOPbIE HE MOLWN B

ancTpum
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Talos 1.13+

Tpe6oBaHue 1l -GPU
operator oonxeH
OOHapyXuBaTb ApaiiBep

B 0IHOM KOPHE A0MKeH ObITb
nvidia-smi n onbnmnotekn

Halue pelieHune

Talos 1.13+
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Talos 1.13+

Tpe6oBaHue 1l -GPU
operator oonxeH
OOHapyXuBaTb ApaiiBep

CneunanbHbIiA cepBuC
nenaeTt MayHT

[usr/local/glibc ->

irun/nvidia/driver B oqHOM KOpPHEe [0MKeH ObITb

nvidia-smi n onbnmnotekn
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Talos 1.13+

Tpe6oBaHue 1 - GPU NepecTpoiiKka extensions

operator oonxeH
OOHapyXuBaTb ApaiiBep

CneunanbHbIA cepBuC
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Talos 1.13+

CneunanbHbIA cepBuC
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[usr/local/bin/nvidia-smi ->

[usr/bin/nvidia-smi
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Mo)keT ObITb Heobxoonm ons
paboTbl 6a30BbIX KOMMOHEHTOB

Talos 1.13+
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Talos 1.13+
BbiBOAb]

Inochbl

= |lcnonb3yloTca upstream BepCU KOMMNOHEHTOB

MunHycbI

= [1ng odHoBneHnsa Container Toolkit Heobxogmmo

ooHoBNATL Talos

=  GPU Operator Hnyero He 3HaeT 0 cepBKCce reHepauini
CDI
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XoyeTcH BOT TaK

Inochbl

= |Icnonb3yloTca upstream BePCU KOMMNOHEHTOB

= [1ns obHoBneHnsa Container Toolkit HE Hy)XHO

ooHoBNATL Talos

MunHycbI
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Node Resource Interface

ona mgmt nopos
NVIDIA

[Jaet cny>XebHbiMm nogam
poctyn K GPU 6e3
BbloeneHna GPU yepes

Kubernetes
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Node Resource Interface

ona mgmt nogos CBa3ka K8S n CDI
NVIDIA

Jaet cny>kebHbiM nogam NRI npeBpallaeT aHHOTaUnn
poctyn K GPU 6e3 pod B 3anpoc Ha

BbigeneHna GPU yepes nogknto4veHune CDI-ycTpoincTs

Kubernetes
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Node Resource Interface

ona mgmt nogos
NVIDIA

Jaet cny>kebHbiM nogam
poctyn K GPU 6e3
BbloeneHna GPU yepes
Kubernetes

CBdaA3ka K8S n CDI

NRI npeBpaLwiaetT aHHOTaLWW
pod B 3anpoc Ha

nogknto4veHune CDI-ycTpoincTs

be3 nvidia
RuntimecClass

GP
NR
NV

J nogknio4valoTcs 4yepes

+ CDI, 6e3 otoenbHOro

DIA runtime
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NRI n GPU

be3 ncnonb3oBaHna NRI

NVIDIA Container
kubelet :
Runtime wrapper

[ containerd j
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be3 ncnonb3oBaHna NRI

NVIDIA Container
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Runtime wrapper

Co3paHne mgmt noaa
containerd
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be3 ncnonb3oBaHna NRI
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NRI n GPU

be3 ncnonb3oBaHna NRI

NVIDIA Container w shell wrap NVIDIA Container

kubelet Runtime wrapper J Runtime
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Kak
NOAKMIOYNTD
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Co3spgaHne mgmt noaa
containerd
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be3 ncnonb3oBaHna NRI
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NRI n GPU

be3 ncnonb3oBaHna NRI

NVIDIA Container w shell wrap NVIDIA Container
Runtime wrapper J Runtime
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containerd J CDI

-

_J

container created +

o

container created

~
runc nvidia-cdi-hook

C ncnonb3oBaHnem NRI

NVIDIA NRI plugin

containerd
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NRI n GPU

be3 ncnonb3oBaHna NRI

C ncnonb3oBaHnem NRI

NVIDIA Container w shell wrap NVIDIA Container
Runtime wrapper J Runtime

kubelet

kubelet

A

Kak
NOAKNOYUTD
Bce GPU?

Co3spgaHne mgmt noaa

containerd J CDI

-

_J

container created +

o

container created

~
runc nvidia-cdi-hook

Co3zpaHne mgmt nopga

NVIDIA NRI plugin

containerd
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NRI n GPU

be3 ncnonb3oBaHnsa NRI C ncnonb3osaHnem NRI

NVIDIA Container w shell wrap NVIDIA Container

kubelet Runtime wrapper ) RuNtime kubelet NVIDIA NRI plugin
f K
Kak MGMT
NOOKIOYNTD Pod
Bce GPU? Annotation

CospnaHve mgmt noaa Co3pnaHne mgmt noaa

containerd containerd

{_
(
[
=

{ CDI
{ nvidia-cdi-hook

container created

container created

k_J\T/\__J\__/
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NRI n GPU

be3 ncnonb3oBaHna NRI

C ncnonb3oBaHnem NRI

NVIDIA Container w shell wrap NVIDIA Container

kubelet Runtime wrapper ) Runtime

A

Kak
NOAKNOYUTD
Bce GPU?

kubelet NVIDIA NRI plugin

Co3spgaHne mgmt noaa

containerd

{ CDI
{ nvidia-cdi-hook

container created

container created

{_
(
[
(o

k_J\T/\__J\__/

1

MGMT
Pod
Annotation

MGMT CDI
Device spec

Co3zpaHne mgmt nopga

containerd
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NRI n GPU

be3 ncnonb3oBaHna NRI

C ncnonb3oBaHnem NRI

NVIDIA Container \ shell wrap NVIDIA Container
Runtime wrapper ) Runtime

kubelet

kubelet NVIDIA NRI plugin

A

Kak
NOAKNOYUTD
Bce GPU?

Co3spgaHne mgmt noaa

containerd

{ CDI
{ nvidia-cdi-hook

container created

container created

{_
[
[
(o

k_J;A_/\__J\__/

1

MGMT
Pod
Annotation

Co3zpaHne mgmt nopga

containerd

MGMT CDI
Device spec

2

v

runc

nvidia-cdi-hook

Y

container created

Y

container created

AN Y ) O

;J\_‘_/\__J\_

il



NRI nn Talos NRI by default

= B Talos 1.14+ NRI BKNtO4eH rno ymon4aHuto
"= B Talos <1.13 Hy)XHO BKNOYaTb
CaMOCTOSATENbHO

152



NRI nn Talos NRI by default

= B Talos 1.14+ NRI BKNO4YeH rno ymon4aHuto
"= B Talos <1.13 Hy)XHO BKNOYaTb
CaMOCTOSATENbHO

NRI n host Toolkit

NRI nnarnH opunumnanbHO Nnognep)XnBaeTcs
TONbKO B cocTtaBe Container Toolkit DaemonSet
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NRI n Talos

NRI by default

= B Talos 1.14+ NRI BKNO4YeH rno ymon4aHuto
"= B Talos <1.13 Hy)XHO BKNOYaTb
CaMOCTOSATENbHO

NRI n host Toolkit

NRI nnarnH opunumnanbHO Nnognep)XnBaeTcs
TONbKO B cocTtaBe Container Toolkit DaemonSet

Container Toolkit Extension

= B Talos 1.15 n3 Container Toolkit extension
byoet yopaH Container Toolkit

= Container Toolkit byoeT yctaHaBnMBaTbCS
Kak DaemonSet
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n pOMe)KVTO‘-l H bl e CpaBHeHne BpemeHn 3anycka GPU-Harpysok

> 2 MUHYT

NTOIN

100 -

80 A

Pa3bnokunposanu ncnonb3osaHne MIG

60 -

3anyctunn NVIDIA GPU Operator

Bpems 3anycka (cekyHabl)

40 -

30 ceK

3anycTuincb Ha cgroupsv2

20 A

2 ceK

1 cek 1 cek
0 _4— : .
\ O\ \
upS +© RN
cor© (0\)95\'1 9 co\
Cg O“QS\I
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NMpo6nema 2 — Bbicokunii latency

Bpems reHepauuu otseta LLM mopenbio

[epBblii Knactep BTopoi knactep

Latency nepBblit Knactep Latency BTopou knactep
5 mins 5 mins
4.67 mins 4.67 mins
4.33 mins 4.33 mins
4 mins 4 mins
3.67 mins 3.67 mins
3.33 mins 3.33 mins
3 mins 3 mins
2.67 mins 2.67 mins
2.33 mins 2.33 mins
2 mins 2 mins
1.67 mins 1.67 mins
1.33 mins 1.33 mins
1Tmin 1 min

40s 40s \/\
20's 20s \

/ \

Os Os
13:00 13:10 13:20 13:30 13:40 13:50 14:00 14:10 14:20 14:30 14:40 14:50 15:00 15:10 15:20 15:3 13:00 13:10 13:20 13:30 13:40 13:50 14:00 14:10 14:20 14:30 14:40 14:50 15:00 15:10 15:20 15:3
== |atency 99 percentile == 90 percentile == 50 percentile == Latency 99 percentile == 90 percentile == 50 percentile

Production Tpaduk 3epkanuposaHue 1/3 Tpaduka
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[loka3arenn

NMoTpeb6neHmne nutaHna GPU B Knacrepe

[epBbli KnacTep

GPU Power Usage - NepBbii Knactep

700 W

600 W

S00 W

400 W

300w

200w

100 W

ow

a2

r=F—__ ‘ ‘FE_Q_I = 4

13:00

13:10

[

13:20 13:30 13:40 13:50 14:00 14:10 14:20 14:30 14:40 14:50 15:00 15:10 15:20 15:3/

300w ¢ yacTbimn nnkamu oo 700w

BTopow knactep

GPU Power Usage - Bropo# knactep

700 W =
600 W
500 W
f_ o
400 W 1 -
300 W
— |

200 W

100 W

ow

13:00 13:10 13:20 13:30 13:40 13:50 14:00 14:10 14:20 14:30 14:40 14:50 15:00 15:10 15:20 15:3/

180w ¢ pegkummn nukammn oo 700w
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[loKa3arTenn

YTnunn3aumna GPU B Knacrepe

[epBbln KNacTep BTopoi knactep

GPU Utilization - MNepBbI Knactep GPU Utilization - Bropo# knacrtep

10%

100%

|

|

|

|

I

|
.
-
I
1
[}

Y 3
T
]
L

1
u
T
[ 1]l
[l
o
"
F

[ |
i

60% 60% _‘ \_—I

—

= | .

50% 50% I
—

40% 40%
30% 30%
20% 20%
10% 10%
0% 0% A
13:00  13:10 13:20 13:30 13:40  13:50  14:00  14:10  14:20  14:30  14:40  14:50  15:00  15:10  15:20  15:3 13:00  13:10  13:20  13:30  13:40  13:50  14:00  14:10  14:20  14:30  14:40  14:50  15:00  15:10  15:20  15:3

YTunusaumna B panioHe 92% HectabunbHasa yTunusaums
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[TONCK
NMCTOUYHMNKA

GPU

01
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[TONCK
NCTOUYHMNKA

GPU

GPU Burner noka3blBaeT

OTNIN4YHbIE PE3YJ1bTaThbl

01
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[TONCK
NCTOUYHMNKA

GPU [Mpob6nemHblie cBA3KN GPU

GPU Burner noka3blBaeT

OTNIN4YHbIE PE3YJ1bTaThbl

01 02
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[MTonNcK
NMCTOUYHMNKA

GPU

GPU Burner noka3blBaeT

OTNIN4YHbIE PE3YJ1bTaThbl

01

[Mpo6nemHble cBA3KN GPU

= Bce NVLink BugHbl nporpammHo
= Bce napbl BUOEoOKapT
NoKa3bIBalOT 0OMNHAKOBYIO

MPOonN3BOONTENTbHOCTb

02
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[MTonNcK
NMCTOUYHMNKA

GPU

GPU Burner noka3blBaeT

OTNIN4YHbIE PE3YJ1bTaThbl

BIOS

01

03

[Mpo6nemHble cBA3KN GPU

= Bce NVLink BugHbl nporpammHo
= Bce napbl BUOEoOKapT
NoKa3bIBalOT 0OMNHAKOBYIO

MPOonN3BOONTENTbHOCTb

02
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[MTonNcK
NMCTOUYHMNKA

GPU

GPU Burner noka3blBaeT

OTNIN4YHbIE PE3YJ1bTaThbl

01

BIOS

[1poBEepuni:
= Bepcun npowwinsok BIOS,
CPLD, PSU

= KoHopurypauuio BIOS

03

[Mpo6nemHble cBA3KN GPU

= Bce NVLink BugHbl nporpammHo
= Bce napbl BUOEoOKapT
NoKa3bIBalOT 0OMNHAKOBYIO

MPOonN3BOONTENTbHOCTb

02
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[MTonNcK
NMCTOUYHMNKA

GPU

GPU Burner noka3blBaeT

OTNIN4YHbIE PE3YJ1bTaThbl

01

BIOS

[1poBEepuni:
= Bepcun npowwinsok BIOS,
CPLD, PSU

= KoHopurypauuio BIOS

03

[Mpo6nemHble cBA3KN GPU

= Bce NVLink BugHbl nporpammHo
= Bce napbl BUOEoOKapT
NoKa3bIBalOT 0OMNHAKOBYIO

MPOonN3BOONTENTbHOCTb

02

dunsnyeckKkne ocooeHHOCTI

04
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[MTonNcK
NMCTOUYHMNKA

GPU

GPU Burner noka3blBaeT

OTNIN4YHbIE PE3YJ1bTaThbl

01

BIOS

[1poBEepuni:

= Bepcun npowwinsok BIOS,
CPLD, PSU

= KoHopurypauuio BIOS

03

[Mpo6nemHble cBA3KN GPU

= Bce NVLink BugHbl nporpammHo
= Bce napbl BUOEoOKapT
NoKa3bIBalOT 0OMNHAKOBYIO

MPOonN3BOONTENTbHOCTb

02

dunsnyeckKkne ocooeHHOCTI

= [lepeycagunun/no4yncTnnm Bce
GPU
= [IpoBepunn Bce NVLink

04
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Pa3aensemcs

beHumapK multi-GPU Harpy3Kn

= bl HE MOXXEM HOpMasibHO TECTMPOBATb MMMNoTe3bl be3

NONIb30BaTENbCKOWN Harpy3Ku

B X0[1€ norbITOK NCMPaBuTh " Het pedepeHCHbIX 3HaYeHN 1

npobnemy nony4ynnm oanH
ncnpaBHbIN cepBep
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Pa3aensdencs

beHumapK multi-GPU Harpy3Kn

= bl HE MOXXEM HOpMasibHO TECTMPOBATb MMMNoTe3bl be3

NONIb30BaTENbCKOWN Harpy3Ku

B X0[1€ norbITOK NCMPaBuTh " Het pedepeHCHbIX 3HaYeHN 1

npobnemy nony4ynnm oanH
ncnpaBHbIN cepBep

[lpoBEepKa AoNCKOB

= Bonblune 00pa3bl NynaTcs B 3 pasa [oosblie Yem Ha

stage knacrtepe

= [ncKn Ha prod KnacTepe 3HaYnTenbHO bbicTpee
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NMpoBepKa ANckKoB - 4k random read

800 -

TbIC. onepauunii/c

200 -

(0))

o

o
1

400 -

4K random read: menkue onepaunn oerpaoupyroTt cuiibHee Bcero

O)XnpaHue

IOPS

849k

288k
34% OT OXXngaemoro

OxngaHne PeanbHOCTb

4K random read noka3sbiBaerT latency-sensitive small [/O: MHOro KOpoTKx onepaunia, roe 3ameTHa LeHa KaXkaon 3a0epKu.

B PecanbHoOCTb

Us

500 -

400 -

300 A

200

100 -

Avg latency

151 ps

OXunpaHune

440 ps
2.9x BblLle

PeanbHOCTb
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NMpoBepkKa anckoB — 1M sequential read

1M sequential read: npn 4TeHM bonbLVIMI BIOKaMIK pa3HMLA NOYTU UCYE3aeT

OXXKnpgaHue B PecanbHOCTb

Bandwidth Avg latency
i 3406 MiB/s 3241 MiBJs
3500 95% OT OX1OAemoro 19.7 ms
20 - 18.8 ms
3000 -
2500 - 15
9D
o0 2000 - Cé>
= 104
1500 -
1000 -
5 -
500 -
O I O T
OXnpaHne PeanbHOCTb O)XnpaHne PeanbHOCTb

1M sequential read nokasbiBaeT peak throughput: npn nocnegoBaTenbHOM YTeHUN BonblMK Bnokamm 0ba cepBepa BbIXOAAT MOYTW Ha oAMHAKoBbIN bandwidth
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beHUMapK multi-GPU Harpy3skn

NCCL tests: [lerpagauns nc4yesaet Ha O0NbLLNX COODLLLEHNAX

NoYTN OONHAKOBO

500 - c 256M

400 -
L
m
)
<
o 300 - OXupaHme
-;% =@ PeanbHOCTb
S
o 200 -
-
m

100 - pasHuua 7.7x

O 1 1 I 1 1 I 1 1
8M 16M 32M 64M 128\ 256M 512M 1G

Pa3mep coobLeHuns

Manble collective-onepaunn aerpaonpyoT 3Ha4nTeNIbHO CUNbHEE KPYMHbIX nepenay AaHHbIX.
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UTOo BNANM?
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UTOo BNANM?

PCle
NVME SSD n GPU

noakntodarTtca no PCle
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UTOo BNANM?

PCle Tonbko small batch
NVME SSD n GPU [Tpobnema BMOHA TONbKO Ha
nogknyarotca no PCle MaJibIX OaHHbIX. 9T OaHHbIE

bbicTpo 0OpabaTbiBatOTCS
SSD n GPU
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UTOo BNANM?

PCle Tonbko small batch beHUMapKn naeanbHbl
NVME SSD n GPU [Tpobnema BmaHa TONbKO Ha [pn 100% noTpebneHnn
nogknoyatorca no PCle ManbIX OAHHbIX. 9TW OaHHbIE YCTPOWCTB Npobnem HeT

bbicTpo 0OpabaTbiBatOTCS
SSD n GPU
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PCle ASPM

Manble oaHHble ObICTPO
obpabatbiBatoTcs PCle ycTporicTBamum

Power Manager ycneBaeT norpy3untb
JINHKN B COH

Ka)kpoe Takoe Npoby)xaeHune —
3a0EPXKKN

(&

(=}

(&

PCle
Device

[lepenayvya naHHbIX 3aBepLleHa

L1 - ﬂVIHK cnuT PCle
L1.2 - Nunk B rny6okom cHe | Device

\4

[losBNNCb HOBbIE JaHHbIE

PCle
Device
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Interconnect PM

Socket 1

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

GPU GPU

r \ Intercpnnect (
Socket 0 —
_ | Y, N
YnpasneHune — CPU, naHHble — NVSwitch '
Fabric GPU GPU GPU GPU GPU
Ha cuctemax ¢ ABymMA COKETaMU eCTb
Interconnect Link
[1pn cnawem NMHKE TpaTuMm BPemMs Ha -
ero npobyxneHue NVSwitch Fabric
\_
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( )

bOHYC
Cgroups v2 oorosans o

-

HY>XEH OTBET OT KaXXA0ro agpa l HY>XEH OTBET OT KaXXAoro aapa

/ Socket O \ f Socket 1 \

Y S ‘
[pn obHoBRNeHN eBPF Kaxkaoe aapo core0 ' corel ! | core4 I core5 |
[ [ nterconnect l l
OOMKHO NOATBEPANTb, 4TO eBPF 6onbLue CTBGT"'”D et Link CTBGT"'”D L L
N e = N o e o
He NCNOoMb3yeTcs TN ) (N )
: core2 | core3 : core6 | core7
> | [
Cnawmin NNHK Mor YONNHATbL BPpems , et omemnoj , cnuT | OTBETUNO
N o e = \ N o = = k J
obHoBNeHnsa eBPF
Cson agpa Yyxxne agpa
BbiCTpO Yepes NnHK
x
Onepauus 3aBeplueHa |[&—
Y,
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NTorosblie
3anycTuan gBa BbiICOKONpPoOn3BoaAnTesibHbIX
BbiBOADbI GPU kKnacrtepa

Ynyywnnn Hage>xHoCTb MHCTPYMEHTOB Ha OCHOBE

opensource-moaenein

Pasoo6panu Becb NVIDIA stack

= ChopmupoBanu Habop TecToB 1 pedPepeHCHbIX

3HaYeHNI

= Jlaneko He Bcerga root cause oKka3blBaeTCH

ONencTBUTENbHbIM root cause
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[lononHNTEeNnbHbIE
matepuanbl
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