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o GPU:
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Tesla K2, Tesla K10, Tesla P100
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Docker
o Docker #t12&4 AV THFEEIT IV IA—L
o BEALIATURTY IV r—avREETIO/HES
$ docker run image _name -p 80:80
o ITTEBICERDTNAREDHEEDS
o 1—YANBETRHELAMA—ZEFIRALRS
o FTTVDEITITMERSATIVFLED-HD
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Nvidia Docker

o DockerMbLGPUZRIEZTBERICTHAEDY—IL
o AVTFAGPUNY—RZEIYHTEHIEMNEES
$ NV_GPU=0,1 nvidia-docker run nvidia/cuda nvidia-smi

e Deep Learning DA A—U BN AKX TIRESINTINVS

CONTAINER 1 CONTAINER N

o nvidia/cuda % &E
o CUDA Toolkit (SDK) #&a&
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GPUYS R4 GPUDIEE Docker
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OpenStackZun
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OpenStackZun

DockerSwarm

| SwarmMode AT FTARAEOTOEANEIERC

BEMICATTHMELETS
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OpenStack Zun

« OpenStack LTV TFHZEETH-HDY—IL
« OpenStackNEB TEARZITFTDOHFIHE (i.e. CRUD) D A1

Native API

- - - -

Deployment
(Magnum) -
COE/Container Engine (Kubernetes, Monitoring

Docker, etc.) (Telemetry?)
Authentication

(Keystone)

Zun O é'[“"g‘*f?
IRV 594 {Glanca?) Storage Network
(Cinder) (Neutron)
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OpenStack Zun

o GPUJY—ZAMHHR—FEINTLVEL
o Docker IZ “CpuShares” and “Memory” /NS A—2NDHEIT EMN AT HE
o GPUMIGDEEEMNIZT =TI TEMN>TLVLY

3
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OpenStack Zun DREEHER
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- TEHBYHT
OpenStackZun
X X

DockerSwarm
| SwarmMode

Kubernetes
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Docker Swarm / swarm mode

e Docker RAT4THISRAEEY—)L

o DockerBMEFEASN-YI U ERENOHEICISRAIZTIHEEHEKS
e Docker v1.12 LL_ETDockerlZiZ#ETHAIAFENTULVS

Internal Distributed State Store

Manager Manager - Manager

(follower) (leader) (follower)
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Docker Swarm / swarm mode

e Docker Swarm (¥ GPU #H/HR—kLTLVELY

o IREHLGPURIGAY Docker Project [CEWWTHESH SN TLVS
m https://github.com/docker/docker/issues/23917

e Nvidia Docker £, RE#RIZHR—FE TULVELY
o GPUaVTHITWMHEBELSATIEEZI I M FLZL

4

Docker Swarm / swarm mode (&

“GPUYSARIEE

3 Zil =L TLVELY
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OpenStackZun
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Mesos

e ApacheVI7h )z 7HHIZ&KSIVTRZEEY—)L
o MMETEMMNDEIRIEY—RDHEOELHMNARE
o NENTITUHr—1 3 0TL—LT—%4% Mesos Master HV&l 1

o e.g. Marathon, Chronos, Hadoop...

AVAVA
VAVAVY
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scheduler scheduler quorum
\ / _____ A
Mesos +  Standby + Standby
master i master | master
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Mesos slave | | Mesos slave Mesos slave
Hadoop MPI Hadoop || MPI
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Mesos
e Mesos @) GPU HR—KIk;

o Mesos v1.0.0 LL_E T Nvidia GPU IZxtiGLTLYS
o CPU A Memory&R#RIC GPU 4 EE 4 5EMHES

Resources
CPUs
Total 16
Allocated 0
Offered 0

Idle 16

GPUs

Mem
14.7 GB
0B

0B

14.7 GB

Disk
53.1 GB
0B
0B

53.1 GB
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Mesos

Mesos JL— LT —9(Z DA TFERSE

- Mesos 27+ -Docker a>T7F

g
s

b
|
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(314

Task Type Frameworks  GPU + Mesos GPU + Docker

Aurona V4 X
4

- m

X
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Kubernetes

e Google IZ&% Container Orchestration Engine (COE)
o VT DITRA)UT A —rRG—1 T EDRRITHREF IR

o IIa=-TLERTHEEIZER

kubernetes

Copyright © NTT Communications Corporation.

PHREDORENTHN TS

user

36



Kubernetes

o O T FIX Pod EMEENSEAMTEEINSD

o PodlZE—(LLIIEHDOTFHTHERINSD
o PodB{iT CRUD FDOHKLKITNEMNITHND

----------------------------------------

----------------------------------------
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KRHEHEBD Pod BEEAE

Service Task : Pod, ReplicaSet
Deployment &

Batch Task :Job %&

37



Kubernetes
e I T CRUD B X v=JxRXI7AM4I)L TI1O
o Pod BU Pod HDIAVTTDIEREEET S apiversion: vl

kind: Pod
{t 3 : metadata:
[ | POdG) EIEjj—lf (Klnd) . name: nginx
B OVTSOVTFAA—SRGE e
conatiners:
o yaml-jsonD & &R X CEEATHE S
- ts:
o CLI (kubectl) ¥ WebUI A & F| AT &E S ot Eents BE

. 3 §
s a|ll] :
O\ o [Waster | -

I,

User Manifest
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Kubernetes
e KubernetesGPUYHR—FIkiR

o v1.3.x HOREEBRMICGPURY Y a1—) T RBASHhT-
m GPU as a Service QD EH%H-LTULVELY
o BHGPUMEIY LY THELZL
o GPUD D EEAH FZL

o v1.6 LL.ET Alpha [R&ELT GPURS S a—1) U5 EHR—b
m GPURS D a—) T DsEENRESNT-

e v1.3.Xx~ V15X ETHOMEMNEERINTLNSD
n BEMIC/—R EDOGPUBERHTES v1.6REF A
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Kubernetes
o BIBGPUZHE—DILTFICEIYYTHHE

T_JxAMANTGPUHZIEET S

resources.:

limits:
alpha.Kubernetes.io/nvidia-gpu: 2 :l“/-T-d'Pil o)ﬁﬁ

requests:
alpha.Kubernetes.io/nviida-gpu:

command: [V moN—c]
args: [“nvidia-smi” && tail -f /dev/null] [~~~ 77°~

Volatile Uncorr. ECC
GPU-Util Compute M.

Tesla K10.G2.8GN Ooff |§0000:00:05.0
39C P8 117w OMiB / 3527MiB

Tesla K10.G2.8GB Ooff |§J0000:00:06.0 Ooff
P8 18W / 117w OMiB / 3527MiB
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Kubernetes

o IAVTTHREITGPUDREENTIRE

$ kubectl get pods -a -o wide
NAME READY STATUS RESTARTS AGE IP NODE

nvidia-smi-47vpm| 1/1 Running @ 1m 10.233.78.15  sv5lu-maku
nvidia-smi-d88z9| 1/1 Running @ 1m 10.233.78.16  sv5lu-maku

$ kubectl logq nvidia-smi-47vpm | $ kubectl logd nvidia-smi-d88z9

Mon Apr 1@ 15:55:7@¢ Z@17 Mon Apr 1@ 15:55:27 2617

| NVIDIA-5MI 367.57 Driver Version: 367. NMVIDIA-SMI 367.57 Driver Version: 367.
| === et e T e | === - ittt T L
| Persistence-M| Bus-Id Disp.A | GPU Name Persistence-M| Bus-Id Disp.A |
| Temp Perf Pwr;Usage/Capl Memory-Usage | Fan Temp Perf Pwr:Usage/Capl Memory-Usage |
S I Y
| GRID KZ Off || 0000:07:00.0 Off | @ GRID KZ Off || 0000:90:00.0

| P& 18W / 117W | MMiB / 4@36MiB | NAA P8 18W /7 117W | BMiB / 4936MiB |
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Kubernetes

o IN\YFRRIIZH it

BRRINIEEFY T ACNNTES

apiVersion: batch/vl

limits:
alpha.Kubernetes.io/nvidia-gpu: 2

requests:
alpha.Kubernetes.io/nviida-gpu: 2

command: [“/bin/bash”, “-c”]
args: [“nvidia-smi”]

Copyright © NTT Communications Corporation.

Pod iR (ERhEF)

$ kubectl get pods

NAME READY STATUS RESTARTS AGE

nbody-swsdj 1/1 Running 0 5s

kubectl get jobs
NAME DESIRED SUCC
nbody 1

PodD1EHH (#& T BF)

$ kubectl get pods -a -o wide

NAME READY STATUS RESTARTS AGE
nbody-swsdj 0/1 Completed 0 2m
S kubectl get jobs

NAME DESIRED SUCCESSFUL AGE
1
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GPUYS R4 GPUMDEE Docker INYFRRY
wE sumyuc  CPUOTE HFR—p £ A HED
OpenStackZun
DockerSwarm
| SwarmMode X X X V X
v (V4 v X v
Kubernetes ‘/ ‘/ ‘/ ‘/ V
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Kubernetes ZRBUL\ =V ILFTFUrDER

Kubernetes TOVILFTFTUMERFXRIL 2188 H5

7i%1. OpenStack DT+ &ITk8sHET7AA49 %
- 1-1 OpenStack Magnum 5 7O4
- 1-2 OpenStack HeatGF70O4
77i%2. Kubernetes MEREE-F2 AT IZ OpenStack Keystone ZFLY5

_____________________________________________________

OpenStack i ~ OpenStack | | Kubernetes

Tenant A Tenant B Tenant A <ﬁ——> NamespaceA
k8s k8s v

Tenant B <+———>| NamespaceB

____________________________________________________________________________________________________________
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5 i%E1-1 Magnum
e OpenStack LT COE DVFRFRFZHHEIZTHEL TN SV R—RUE
o Kubernetes %> Mesos % E T3 L TLYS
e OpenStack IEERNIZ Kubernetes 75 XA DIEFEH AT 5E
o OpenStack Cinder 4> Octavia (LBaaS) L EEH K S
o #hi5 B5IZ Minion Node xR 5

; Tenant A _
AP = g
A ;
: B
: ‘H H
................... -y
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7%1-1 Magnum
" GPU XIE®M k8s 1.6 [EHR—rEH TLVELY

— IZFED Magnum D k8s x4k 5
Minion Node #ERDOSA A—VIZKYUERS
[Fedora Atomic]: k8s 1.5.3 [CoreOS]: k8s 1.5.2
o ANXHKR—LDAA—=2(Z Nvidia Driver BAEFEN TULVELY
—  GPURIGIZIE B OS A A—C DIERMNBEIZIED
« JMBERET k8s 1.6 BNF|FAHEKLIMN IR ZIT o=
- A—HYAITEERZILENEEKRGVABBDEEI7MILEER
* IRE®M Magnum TIXHEEHFELL
k8s 1.6 & Magnum HYEREEE#E H 40N
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}i%1-1 Heat
* OpenStack £t T A —45AXLL—L3ay FT5aVR—R2b
— Heat Template [CEDUVT VM 5 NW L EEEEH K S
— k8s MAXALTFHALTLVS Heat Template h3& 5
k8s 1.6 HIF DT TL— BT B ...
« AI—HYHEHENEHRGITRIREZEEHKXD
— 31— T Heat Template ZEEREHFS

Heat Template Z#R&E 9 5%E T Nvidia Driver D42 X+—JL BB AT HE

« k8s 1.6 ZHEEREEMNRILZT 1T 0T
— IRTE®M OpenStack Heat TIXHEEH F40
WHELGBREI7MILDEFRECEREIEY T
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%2 Keystone i

® EIL\FIIELEE' OL\-C

o Kubernetes M 1—H 25l % Keystone ~FEH KD

o OpenStackDEEF1—TZAUN-EREEA AT BE
o EFXR[ALIE|ZDLNT
o OpenStack MT7F >k & Namespace DRI ATITD

19—

ax AE

AL

m Kubernetes [& Namespace EMEIEN ST BED LA D H S

m Kubernetes @ BA] DA (RBACKABAC) ZFIFHT %
o Keystone DA TRAIZEEH T HEIFHRINE FKZLY

B https://qgithub.com/Kubernetes/Kubernetes/pull/25624
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CILFTFUMRRFEOLR
o k8s 1.6 xfitx M Heat RV Keystone M2FZE LI TDE M TLEERL .
REERBRICE T 5B ETIVFTFUINERAEEEIRT S
o GPUJY—ZRD7 i
o TANAFREATOHGPUERR
o AVTTEREDSH
o PRYRT—DUDHEH
o OpenStack LOVMED@EE
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TILFTF U ERBRFEOHR

GPUYY—R  Jons(4H A = RyrJ—H@D  OpenStack
D5 HE GPUMEMR Kt Bt o hE VMEDE(E

HiE

TN
OpenStack® — — K Tenant
= Nk T MBI Z3) TFUMELL (X)I;II_EAN), Network K

k8s#% B

Hik2 Tk
k8s i BV ATRE e7rok #H Floating IP
FREE/FRA[(Z #*E HAH (Flat + ¥ H

Keystone Iptables)

S EQRIPREDEH

o GPUJY—RZELBZRLEARTHALEWL - N
e GPUYJY—RZETO/NAFAITERLI=L 75 ;izéiﬁ
o FWEBIINWEMNDBEINTLDIRLENLLY
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REERFEOMEE
1—4 —
L
Keystone Jiffijz sz OPenStackEnv

Node DIEEEEEEEEEERe '<cYystone ;
Deploy/Manage Pods R :

l

Minion Node1

GPU x 8

(Tesla P100)

Minion Node2

GPU x 4
(Tesla GRID K2)

Minion Node3

GPU x 2
(Tesla K10)

Minion Node4

GPU x 2
(Tesla K10)

FEEE DGPURE, H—/\T Kubernetes D5 R4 #A TLS
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Demo

Kubernetes _E T Digits (GPU) #3E{1TLTH 1=

NVIDIA. x digits

Hardware
Tesla K10.G2.8GB (#0)

Memory

70 181 MB / 3.44 GB (5.1%)
GPU Wilization

92%

Temperature

86 °C

racy (%)

Process #246

CPU Utilization
154.4%

Q.14



GPUYSREANDEELEE ~EFE~ 1/3
o £/—RETOHGPUaLTFTDERIE

1. Nvidia Driver D42 A+—)L

m http://www.nvidia.co.jp/Download/index.aspx?lang=jp
2. Nvidia docker DA/ X+—JL

= https://github.com/NVIDIA/nvidia-docker
3. Kubernetes IRIEDIEE

m  kubelet DEBBFICUTD/NFTA—EZEF 595

m --feature-gates=Accelerators=true

Copyright © NTT Communications Corporation.
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GPUYSRADBELEE ~EE~ 2/3
o 1—HAIEFNDGPUERIRTIEEIZT S

o EBH/—FIZTNIL (GPUR) ZERTET S

m PoCIRIETIX, GPUDFEEEIZIE LT p100°,'k2", k10" 15 E vl BE
$ kubectl label nodes <nodeName> gputype=p100

o A—HIEV=ZIJIAIMCEE(IZRES=-GPUSRILEEIETF

nodeSelector.gputype: p100

LABEL: p100 LABEL: k2 LABEL: k10

Deploy

Minion Node 1 Minion Node 2 Minion Node 3

m Tesla P100
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GPUISRAMIBHELEE ~EHE~ 3/3
e Kubernetes & Keystone 03E#E

O Kubernetes AITHDERTE
m kube-apiserver ~MD/\TA—2{}+5
--experimental-keystone-url

--experimental-keystone-cafile
o OpenStack BITDERTE
m Keystone Endpoint @ HTTPS 1t
o UN—RTOXLELTATS
o LEDODLIZFEFRIFZEZ Kubernetes TI1T5
m Keystone [CHEHETLHEEFEI—H~ Role DEH
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GPUYSREDMELER ~ER~ 13
e GPUJY—RDETR
o Kubernetes IZ5(14 GPUB R A A
m  Kubernetes [ZIRETRESNTLSHCGPUY Y —RE R RE
m NVIDIAIZE>TIR#ESIN TLYS NVdia Management Library (NVML)
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o k8sTILGPUHZE R TEHMAEMNRETIROOTLD
o LITOIAVUFTHRARRERDHZEAAIHE

o & kubectl describe node

apacity:

alpha. kubernetes. io/nvidia-gpu: 2 . *”JEHEJ"EI‘EEGPU#!&%IEEE[:HY?EF

cpu: 16

memory : 16430856K1 _‘j_ é $ 75‘\-(‘:%7; LY

o R - - EDAVTFMNGPUZEFIFH
alpha.kubernetes.io/nvidia-gpu: 2 h\[j:ﬁj\h\lafd:[,\

cpu: 159@@m

memory : 15828456Ki
pods: 110
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e NVIDIAIX NVdia Management Library (NVML) Zi2#tL TL 3
o FRARIEGPUAN)VRZERIFT HEMAIEE

e.g.

nvml.util.gpu : GPU FIFE (%)
nvml.mem.used : GPUD{ERF AT E
nvml.temp . GPUDEE
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sv55n-maku: GPU Utilisation (2h) sv55n-maku: GPU Memory (2h)
150 % 6%
100 % 4%
50% 2% I
0% h 0%
©Cmoweme mwowmewe mwmome we mme we wo O momemoweme wo mnowowmo me e w o
2RSS B2 L8R HRTYERNRNSLE2LE RIS YA 2RSS 828R YIRS YRASLE2rE LR NS YR
LEEECR A A S-S A A A S A AR GRE- R - A - B A A - S A SR B I B
a a ] s
o o 0 o
3 3 3 3
last  min ag max last  min avg max
B GPU Utilisation0  [avg] 0% 0% 57% 100% B GPU Memory 0 [avg] 0% 0% 0.26% 389%
B GPU Utilisation 1 [avg] 0% 0% 582% 100% Bl GPU Memory 1 [ava) 0% 0% 0.23% 4%
B GPU Utilisation2  [avg] 0% 0% 643% 100% [E GPU Memory 2 [avg] 0% 0% 022% 355%
[ GPU Utilisation3  [avg] 0% 0% 607% 100% [l GPU Memory 3 [avg] 0% 0% 0.21% 354%
@ GPU Utilisation4  [avg] 0% 0% 651% 100% [l GPU Memory 4 [avg] 0% 0% 019% 354%
[ GPU UtilisationS [avg] 0% 0% 652% 100% M GPU Memory 5 [avg] 0% 0% 018% 354%
M GPU Utilisation6 [avg] 0% 0% 658% 100% B GPU Memory 6  [avg] 0% 0% 018% 354%
[ GPU Utilisation 7 [avg] 0% 0% 592% 100% B GPU Memory 7 [ava] 0% 0% 0.18% 389%
sv55n-maku: GPU Temperature (2h) sv55n-maku: GPU Power (2h)
60 C 200W
50 C 150 W
40cC 00W
30 C P = SOW |
20¢C ow
cmEg 82 2adasnssriass2iaaasns gl a8 228 dss3I e ancseznadasns e
LA - - - S I D AR e 0 L AL R TR R
" = A = " ) a =
A A - a
© o w o
S 3 3 S
last min avg max last min avg max
B GPU Temperature 0 [avg] 28C 27 C 29.61 C 48 C B GPU Power 0 [avg] 3221 W 3218W  40.56W 19283 W
B GPU Temperature 1 [ava] 29C 28C 3063C 48C B GPU Power1 [avg] 3L.71W 31.7W 39.96W 17341 W
B GPU Temperature 2 [avg] 28C 28C 3012C 49¢C B GPUPower2 [avg] 30.19W 3017 W 38.3W 19934 W
E GPU Temperature 3 [avq] 29¢C 28¢C 30.18 C 47 cC B GPU Power 3 [avg] 29.69 W 29.67 W 36.15W 15899 W
B GPU Temperature 4 [ava] 30C 2C .71 C 49 C @ GPU Power 4 [avq] 33.74 W 33.23W 4147w 1901 W
B GPU Temperature 5 [ava] 29¢C 29C 31.39C 49 C B GPU Power 5 [avg] 322w 3l1.2wW 39.28W 17376 W
B GPU Temperature 6 [aval 30C 30C 32,17 C SLC [ GPU Power 6  [avg] 30.71 W 30.7 W 38.76 W  168.54 W
W GPU Temperature 7 [avg] 30C 30C 31.84C 48 C B GPU Power 7 [avg] 30.21 W 30.21 W 37.65W 17026 W
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