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BLUOBEBZMXRLLLET, A>T Htb. BRI —U>T BLUOVY —IAEEBKEICED. AlD—0O0—-FZE
O OMMEMISERTETE Y,

AR TIE. 2TV ./ —RTHEMEL. BEINLLEBNE S % microk8s Z@FAL X9,
UTDOURLEZEBBELTA YA R=ILLTLEEL,
https://microk8s.io/

3.3.1 NVIDIA GPU Operator ME&E

Kubernetes £ T GPU ZHTE 3L S512957-8®IC. NVIDIAGPU Operator 1 > XA b—JLL £ 7,

NVIDIA GPU Operator & microk8s @ add-on & L TFEL TH D nvidia add-on Z enable 5 & Tr VX b—
IWTEFET, L. N=2 a3 hHVWEOHRFIAON—23 > %ZIBEL £, nvidiaadd-on @ enable DRI,
--gpu-operator-version THERMICIEEL £9,

F7-. GPUDirect RDMA & & U GPUDirect Storage DEHTHZ A —F> ixD GPU RS ANZES LSICIEET S
7=®. --gpu-operator-set driver.useOpenKernelModules=true Z/X\Z X—4— L TIEEL X7,
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https://www.nvidia.com/en-us/drivers/unix/
https://microk8s.io/

3.3.2 NVIDIA Network Operator 1 > X =)L

Kubernetes =T RDMA IZEAT 2%y FD—0 D) Y —X%=EE T S7-IZ. NVIDIA Network Operator - > X
F—=ILLZEJ, LLF®D URL iS5 T Getting Started with Kubernetes ) #8B L T4 > X b—JLLE T,
https://docs.nvidia.com/networking/software/cloud-orchestration/index.html

Node Feature Discovery (39 TIZ GPU Operator I TEIfEL TUL 3 7=, Network Operator O >~ X b—)LEFICIE
disable L £9 (--set nfd.enabled=false),

3.3.3 NetApp Astra Trident 1 > X k—JL

Trident (&, Kubernetes IRIBTABMA ML —S% BB IZXA ML —JA -4 XL —>30Y—ILTY, BENMLT T
feXhL=o7OES3=Z>d AML—C0F RO R— b BLUT—2EFEHRREZTRMEL. AlID—70—RIZ
WMEBEBIAML—JZERMICEIELEY,

LTFDURLZBEBLTAYRAM=ILLTLIEEL,

https://docs.netapp.com/us-en/trident/

3.4 StorageClass DEXE

3.4.1 Trident Backend Storage ME&E

r3.3.3 NetApp Astra Trident @1 >~ X k—JL]1 (P.19) T« > X k—JL L7z NetApp Astra Trident Dt b7 v %17
W, RBRICERTZIRNL—CZF/ELE T,
https://docs.netapp.com/us-en/trident/trident-use/backend-kubectl.html

&
tridentctl < > RIC& DERL L 7z TridentBackendConfig (&, kubectl Ik Z2ZERHIBRMNTET Ao

—A%EY7% Kubernetes MIZ1ETIE. HIBRTEHAWUY - L TR B3GEDH D 7. kubectl AT REFERAL
THRELIEANEZL T,

3.4.2 StorageClass DEXE

3.4.1 Trident Backend Storage D& (P.19) TE&ZE L 7= Backend Storage %Z A L T. Pod A’ Persistent Volume
ELTHERS&LSIC StorageClass ZEREL £,
https://docs.netapp.com/us-en/trident/trident-use/create-stor-class.html
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https://docs.netapp.com/us-en/trident/trident-use/backend-kubectl.html
https://docs.netapp.com/us-en/trident/trident-use/create-stor-class.html
https://docs.netapp.com/us-en/trident/
https://docs.nvidia.com/networking/software/cloud-orchestration/index.html

3.5 Open Source MLOps with NetApp D1EZE

NetApp D Al V') 12— 3 > T3 Open Source MLOps with NetApp Z#8&EL £7,
https://docs.netapp.com/us-en/netapp-solutions/ai/aicp_introduction.html

Open Source MLOps with NetApp (&. #—7F>YV —X®d MLOps tool Z#AHEHEZ T, Al 7—270—-0D%
WzRBRBICTBHDTT,

MLOps tool (ZIEWK DH B D £FH. Tl Kubeflow ZERBL £7,
https://www.kubeflow.org/docs/started/installing-kubeflow/

3.5.1 Kubeflow 1> X b—JL

Z C Tl microk8s £ B D R LY Canonical ® Charmed Kubeflow (*1) ##ERALTA X —=JILLE T,
https://charmed-kubeflow.io/docs/get-started-with-charmed-kubeflow

*1: Charmed Kubeflow & 5t® Kubeflow @ZWMIULTDEED TY,
https://charmed-kubeflow.io/docs/charmed-vs--upstream-kubeflow

3.5.2 DataOps Toolkit

DataOps Toolkit -1 > XA b —JLIZDWVWTIE. UTFD URLZBIRL T3,
https://github.com/NetApp/netapp-dataops-toolkit

3.6 Pod OERE

UFDURLZEBRLTLLIZEW
https://kubernetes.io/docs/concepts/workloads/pods/
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https://github.com/NetApp/netapp-dataops-toolkit
https://docs.netapp.com/us-en/netapp-solutions/ai/aicp_introduction.html
https://www.kubeflow.org/docs/started/installing-kubeflow/
https://charmed-kubeflow.io/docs/charmed-vs--upstream-kubeflow
https://charmed-kubeflow.io/docs/get-started-with-charmed-kubeflow
https://kubernetes.io/docs/concepts/workloads/pods/

3.7 FvwvbkARw bk FastChat ®RE

(1)  huggingface VRIS MU DTHT > MMERK
EHIIC https://huggingface.co/ ICF 22 A L. 7HADU Y b EERLE T,

2 OJa4>/T7oER =0 1ERK
huggingface U R kIO A > L. 7OEA =0 % ERLFT,

fim &
FastChat (& controller. engine. frontend HS#ElEINE T, ENENZ Pod L LTTFFOATB %
HWRELFTH. FEEEHRL TLSDT controller. engine. frontend DIBZFICES L T 72T LY,

FEIEEES CFEDIEF TERITL T EL, engine DBIEEHS S UBEREDES frontend ZELETBZ &
ZHRLEFY,

(3)  Frondend API server DiZ&)

Frontend (& API F—N\—X F+v v b GUI ZFIRTET X7,
Host & port I engine Z1EE L £, EEOJICRIETNZIBDZIBEL TET LY,

3.8 RAG LangChain &%

Llamindex %2 &\ IZFHDRAG DT L—LT—UHHD FIH. T Tl LangChan OEEFIEZRLE T,
UFDURLZEBELTLLIZEW
https://python.langchain.com/v0.2/docs/tutorials/rag/

3.9 LLMPerf 1 >X =)L

LLMPerf @1 > X b—JLIZDWTIdE. UTFD URL ZERL T T L,
https://github.com/ray-project/llmperf
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https://huggingface.co/
https://github.com/ray-project/llmperf
https://python.langchain.com/v0.2/docs/tutorials/rag/

3.10 [&#Z] GPUDirect Storage ¥ NFS over RDMA

GPUDirect Storage (GDS) I&. NVMe %> NVMe over Fabrics (NVMe-oF) AR¥oO—AJ. FzlFUE—FZA ML —
¥ GPU XEVUDMBICERET —2NRZEBLET, CHICED. CPU ZNTTICERBT —FEEZRERL. L
BREZABICALIEXT,

3.1 GPUDirect Storage

SRTLXEY

SRTLAEY

{0k - - O
A cPU | cPU | cPU
3 s @ FEms @ EmmsS
L — ; ol - ; ol L —
PCle — | PCle — | PCle —
e NiCs RbL=S Xiyy MM XbL—s e NIGS RbL-Y
NVMe ! :
GPU l GPU l GPU
GPUDirect 1 GPUDirect 1 GPUDirect
Storage % L | Storage D | Storage %D
: (m—#) : (VE'E—H)

F 7= NFS over RDMA |& TCP {ZfX4> Db .RDMA (Remote Direct Memory Access) 70 k 3 /L% {#F L T NFS(network
file system) IC77E€RX TR LICED DRTFLXEVIZHLTUE—RI ML —UQE5ERET — XX T R
L £9,.PRIMERGY. ETERNUS AX/AC series THR— kTN TL 3 ConnectX-5 X LD RoCE (RDMA over Converged
Ethernet) SIGRY FD—0 A VB =TT A ZAA—R ZYy D=0 T7HTR—%FERBT 3 & T. NFSover RDMA
TOT7IVEANAREERD XD,

GDS ¥, ROMAZERL TR L =YY RTLE GPU X EURBTT —RZERITE TS LT CPU XTIV XE
DETLICNANZXL. THUSED GPUMIGDT -7 00— FZE5ICERELE T,
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NFS over RDMA
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4 FREEFIE

AZTlE. ETERNUS AX/AC series Z3EF L T. LLM D4RESTHE & #&REsT A ML £ 9,

4.1 FREEMERK

MRAERICDOWTIZ. R UIT7LYR - T7—FT7Fv—1 (P.7) #BEBLTLLETL,

4.2 IREE

42.1 LLMPerf ®%17

LLMPerf ZITONFX—2—%RL £ Y,
« &7 )LIF FastChat @ engine LRAILHDZIBE L T T LY,
« Tokenizer DBEIRTETILZEZELLRELBWVGEIE. tokenBEELL AUV M TEEH A,
« Input/output token E ZDIES5DZTEREL £75
CCTIRBEDFyYy b QAZMEEL. UTOLSICHRELF LT

$ python token benchmark ray.py --model "Meta-Llama-3-8B-Instruct" --mean-input-tokens 150 -
-stddev-input-tokens 15 --mean-output-tokens 150 --stddev-output-tokens 15 --max-num-com-
pleted-requests 10 --timeout 60 --num-concurrent-requests 1 --results-dir "result outputs" -
-1llm-api "openai" --additional-sampling-params '{}'

- Max num completed requests
HITEIMT Y, BRICIFSDEIHHBZIBFEIE. HITEHZE P LTI,
- Num concurrent requests
FEF) I T X MITTY, FastChat (Cxf L CRFICAAICELMNT 2D ZREL F T R TLDERMLHRIC
BhETRELTLLEELL,
- Llm-api
FastChat ® APl H—N—BILBHDZIBEL TLLEI L,

4.2.2 LLMPerf OEHEFER DORESR

ERBICKRITINZCUTOLSHOTHEANETNE T, 17.4 (token persec) DHAINFEERTET XTI,

inter token latency s

(&)

Number Of Errored Requests: 0

Overall Output Throughput: 17.386019685924794
Number Of Completed Requests: 8
Completed Requests Per Minute: 7.444504415025781
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5 FHEER

5.1 [EresT(

M LLMPerf

FHMEER TR LTcS R T LT LLMPerf DRV FI— I Z 1T o ThE&R BLURYFI—TDEBRNTA—Z—ZUTF
ICRLET. EAHALIEETILIZ. Meta #th12024 F£5 BICHEKLT- Llama2 BB ETILD Llama3 Td, 8EU A
YDNTA—B—CBETHIDICNMA. BABOMEDHREINTUVET, AHID token BMOHFE IF. —HRHI%R
QAF¥ v hEBELTWET,

LLM model: meta-llama/Meta-Llama-3-8B-Instruct
input token 150 std 15, output token 150 std 15

1400
1200
1000

800

600 [
400 -
200 _ I |
0 e -
8 64 512

FEU 2R M

Overall Output Througput
(token per sec)

® 1GPU = 2GPU

HARADFEEZGZERE L 500 ~ 600 XF,DEEHLNTULWE T Tokenizer DIEBICHEKEZEL £ TH.5H5 10token
persec DEANESNNERA ML ZBKBBERBENTEI VBRI EEILONE T,

FEROERN S 1GPU TIZEEEU VT X I 8 12E. 2GPU TIX 64 BETHNIECOEHZHB-LE T,

BIZIE. —HBEMA QAT T 1 AHLD 1 BIC 1 EREBRTEIV AT LZEBET BZHRIC. 8,000 AREDRIET
S KEHE T 2att=BEL 5SS, 1GPU T 64,000 AFREDS# TIF 2GPU %1ER9T % £ GPU DMEEIE+0R S
&
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5.2 HEeEETME

B Open Source MLOps with NetApp

H—EXERRETIR. BARNBEER LS TILDODH B EY, DevOps THNUIZ ZEXEIFEEELL. REL

RRRRN S ERRIRICHBITTEXI,

Open Source MLOps with NetApp &, Al MBI T®D DevOps (MLOps) #BHRICKRIBTET 3V —IILERMHLEF T,
Kubernetes £ T workflow %3233 9 3 kubeflow ZHulMI. Al BEENSIMICAR ) 2 — LEEROJEER trident ¥
EELA—TVYV—XTIINRZYID MLOps IRIBZHEELET,

Open Source MLOps

with NetApp
®» © ©

o Open Source MLOps platform »
‘5, xm"ﬂ“"" MetApp works with all major MLOps platform -

Kubernates
Cloud Kisberneles service

Seif-hosted cluster (VM of bare-metal)
Nethpp cloud storage services
5-8-307ViCe

FlaCacha
Seagibdrroe
HetApp AFF with Notipp ONTAP @
Clowg-connectod ali-flash storsge \_/ Storage-s
P Unified hytrid multic forago management a

>

Private Coud/Datacenter

FIAGYITTDOLIY RY—IT> KRR
[ AID—270— REEZLREH

LELRBHENEA—T YV —XTODIEM

Kubeflow Ti&. MLOps THE L L 3#AA1ExZ BEML L. E1T{ER%Z Dashboard "5 —ETHRRTEX I,

7e Kubeflow

¥  Experiments (KFP)
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B Z I RAG @ vectorDB DEFISABFKICAERICRKE T 50 H LN FH A.Datasource DEFHZ X IC. Snapshot
DYEM. Preprocess. Embedding. #&IC& 2 X ATHIE. BELUP IV T LI ETDH vectorDB DEFH £ TZEHE
{ELTHIFIE. Datasource DEF THENNEL THERECKIIE. Snapshot T Restore TEFX T, <D Snapshot
DYERL*° Restore R DR 1) 12— LEE % trident TEIMICITA £9,

Activities ® Firefox Web Brow...

B % Kubeflow Centra -' Untitled.ipynb (2 ®x  {f%# Kubeflow Pipelines x + ~ *
Ry oI ® f =
Ex t 1
< ) RAGupdate.yam| _ Clone run Terminate Archive

Graph Detall Pipeline Spec

NetApp $DILTD Web H+ T Al (CBIE S S Pipeline D7 > 7L — hARBETATVWEY, ThxFBATNIIE.
R0 ZvFhH 5 Pipeline 2B 9 2 FRZ&ITE 7,

® Pipeline > 7))L
https://github.com/NetApp/netapp-dataops-toolkit/tree/main/netapp_dataops_k8s/Examples/Kubeflow

B DataOps toolkit

Al DRREFFICIZ. Al BEEDT —2OBEZEANIITSBENHD T, LH L. ZLOMEM/TIE Al RS
EARL—CDBEEEIEERGDET, RN a—LOERCHIBR. Snapshot DERL L Restore Z Al EE D € DEE
storage OEBHICATEL TLTIE. MBEHZNTMISTEEI TET £t Ao DataOps toolkit (T DL S BRRZHRET S
FRZRHBLFT,

DataOps toolkit i&. Triton Inference server. & & U Jupyterlab DIRIE% EEIC Kubernetes cluster (IC7 704
3OV R. BLU Jupyter BS54 VR— b LT Al BREEDRY 2— LOIER,HIFR. Snapshot DIER,HIkk &
Restore ¥ 3 FRZzRMEL X7,

LTFDaY > RTjupyterlab OEREXBREL X I,

$ netapp dataops k8s cli.py create jupyterlab --storage-class=<f{ERL 7= SC> --workspace-
name=jupyter-netapp --size=20Gi --nvidia-gpu=2

27


https://github.com/NetApp/netapp-dataops-toolkit/tree/main/netapp_dataops_k8s/Examples/Kubeflow

RIC. BfESfz Pod iCO4 1> L. Pod ICH netapp_dataops-k8s 1> X b—JLL £ T,
TS S EBFOJIEEINIEWEBUIIZTIEXLET. 1 VX —=ILL7S 417 S netapp_dataops.k8s
ZAYR—bL. EBICEELTVWAHEEREL T ET L,

M Untitled.ipynk ¥ | M Untitledl.ipynb e |+
B+ X000 » m & » cCode v O Notebock (3 #  Pythen 3 (ipykemel) O =

F
import netapp_datacps.ks8s as ndt

| o= IR |

LUFIE. EBIC kubernetes IC Jupyer OEREZ T 7O L. £DHH 5 Snapshot Z1EK T 26T,
T—RBRBIIBRERT— Y AR—RADER. R a1—LOER. SLUVHBMAZT—R2 LTEMIATLET,

- Flle Edt Wiew PRun Keme! Tabs Seftings Help
- roc x [+ %
B » m © w» Code v g @  Python 3 (ipykermnel) O =
files by name Q, - . . =
o o -l
- PersistentvolumeClain (PVC) Name status  Size  StorageClass  Clome  Source PVC  Source volumesnapshot
= | MName - normal-na:

W cocker-examples

B rvidis-exam

‘4, NVIDIA_De
A READMEmd

* W] Untitled ipynb

Leamng_Containe..

ndt. creste_wvolume snapshot(pve_name="ntap-dsutil- jupyterlab-jupyter-netapp2”, volume_snapshot_class="csi-snapclass”, namespace="default
4 ]
Creating volumesnapshot ‘ntap-dsutil.2e24@9e4110640° for PersistentvolumeClaim (PVC) “ntap-dsutil-jupyterlab-Jupyter-netapp2” in namesp
ace 'default’.

volumeSnapshot ap-dsutil.2ez48984110548" created. waiting for Trident to create snapshot on backing storage.

snapshot successfully created.

I [11]: ndt.list_wvolume_snapshots(pvc_nane="ntap-d

terlab-jupyter-netappz”, namespace="default", print_cutput=True)

volumeSnapshot Name Ready to Use
volumeSnapshotClass

Source PersistentvolumecClaim (FVC) Source JupyteriLab workspace

2024-92-94T02:08:511 ntap-dsutil-jupyterlab-jupyter-netappl Jupyter-netappl

yterlab-jupyter-netapp2®,

simple o B 1" @ Python 3 lipykemel) | idie Mode: Command &  Ln1, Col117  Untitleddpynb 1 0}

28



6 L&

AETIE. ERAI Frv bRy FORRERIBBEICE TS, ETERNUS AX/AC series Z7FRA L) 77 L YR« 7—
FTOFv—ZRBNALE LT £ A Fyy bRy FOBE, 7—F 70 F v—. BRFIB. BRIHER. MEEFTME.
5 L UHEETMZ & L. ETERNUS AX/AC series D Al ERICEITD A ML —PRERRICEM TS Zm L TL
£,
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TER A FEESR

@® ETERNUS AX2200
https://www.fujitsu.com/jp/products/computing/storage/all-flash-arrays/ax/

@® ETERNUS AC2100
https://www.fujitsu.com/jp/products/computing/storage/all-flash-arrays/ac/

® ETERNUS BEE S VH LU T 7XER
https://www.fujitsu.com/jp/products/computing/storage/product-feature/axhx-anti-ransom.html

https://www.fujitsu.com/jp/products/computing/storage/axhx/feature/protect-ransomware.html

@ ETERNUS AX/AC series ¥ =a7 )L
https://www.fujitsu.com/jp/products/computing/storage/manual/axhx-list.ntml

https://storage-system.fujitsu.com/manual/ja/axhx/introduction-concepts/index.html

® ETERNUS BBV =277 )L

https://www.fujitsu.com/jp/products/computing/storage/eternus/video-library/ax-hx/#5min

® ONTAP

https://storage-system.fujitsu.com/manual/ja/axhx/introduction-concepts/index.html

@® PRIMERGY
https://jp.fujitsu.com/platform/server/primergy/products/lineup/rx2540m7/

® PRIMERGY ¥=a 7L

https://www.fujitsu.com/jp/products/computing/servers/primergy/manual/

® A EEY—-EX

https://www.fujitsu.com/jp/products/computing/servers/primergy/solution/ai-infra/

® GPU Driver (NVIDIA)

https://www.nvidia.com/en-us/drivers/unix/

® Llama3

s NV THA b+
https://llama.meta.com/

« GitHub U7 R kU
https://github.com/facebookresearch/llama
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https://www.fujitsu.com/jp/products/computing/storage/product-feature/axhx-anti-ransom.html
https://www.fujitsu.com/jp/products/computing/storage/axhx/feature/protect-ransomware.html
https://www.fujitsu.com/jp/products/computing/storage/manual/axhx-list.html
https://storage-system.fujitsu.com/manual/ja/axhx/introduction-concepts/index.html
https://www.fujitsu.com/jp/products/computing/storage/eternus/video-library/ax-hx/#5min
https://jp.fujitsu.com/platform/server/primergy/products/lineup/rx2540m7/
https://www.fujitsu.com/jp/products/computing/servers/primergy/manual/
https://www.fujitsu.com/jp/products/computing/servers/primergy/solution/ai-infra/
https://github.com/facebookresearch/llama
https://storage-system.fujitsu.com/manual/ja/axhx/introduction-concepts/index.html
https://www.nvidia.com/en-us/drivers/unix/
https://llama.meta.com/

® microk8s 1> X k=L
https://microk8s.io/

@ Getting Started with Kubernetes

https://docs.nvidia.com/networking/software/cloud-orchestration/index.html

@ NetApp Astra Trident <=2 7)L
https://docs.netapp.com/us-en/trident/

@ NetApp Astra Trident £y b 7w/
https://docs.netapp.com/us-en/trident/trident-use/backend-kubectl.html

@ StorageClass F&E

https://docs.netapp.com/us-en/trident/trident-use/create-stor-class.html

@ Open Source MLOps with NetApp

https://docs.netapp.com/us-en/netapp-solutions/ai/aicp_introduction.html

® Kubeflow 1> X k—JL
https://www.kubeflow.org/docs/started/installing-kubeflow/

® Charmed Kubeflow 1 > X k=)L
https://charmed-kubeflow.io/docs/get-started-with-charmed-kubeflow

® DataOps Toolkit 1>~ X b—JL
https://github.com/NetApp/netapp-dataops-toolkit

® POD HE

https://kubernetes.io/docs/concepts/workloads/pods/

@ RAG LangChain 1%
https://python.langchain.com/v0.2/docs/tutorials/rag/

® LLMPerf 1> X k=)L
https://github.com/ray-project/llmperf

@ Pipeline 4> 7L
https://github.com/NetApp/netapp-dataops-toolkit/tree/main/netapp_dataops_k8s/Examples/Kubeflow
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https://microk8s.io/
https://docs.netapp.com/us-en/trident/
https://docs.netapp.com/us-en/trident/trident-use/create-stor-class.html
https://docs.netapp.com/us-en/trident/trident-use/backend-kubectl.html
https://docs.netapp.com/us-en/netapp-solutions/ai/aicp_introduction.html
https://www.kubeflow.org/docs/started/installing-kubeflow/
https://charmed-kubeflow.io/docs/get-started-with-charmed-kubeflow
https://github.com/NetApp/netapp-dataops-toolkit
https://kubernetes.io/docs/concepts/workloads/pods/
https://python.langchain.com/v0.2/docs/tutorials/rag/
https://github.com/ray-project/llmperf
https://github.com/NetApp/netapp-dataops-toolkit/tree/main/netapp_dataops_k8s/Examples/Kubeflow
https://docs.nvidia.com/networking/software/cloud-orchestration/index.html

4/ Al #3239 % PRIMERGY/ETERNUS DRFiT7o /O —
AIZRL=2 VT 7L 2R T—FT0Fv—

C140-0133-01Z3

RITER 2024F98
RIEME I7UXFo/0°0—-I%Rett

@ FXEDHARIF. HED-HEFIERBLICEETZIELAHBDF T,

@ XEDAHARIE. MODEEZTH > THIERL £ L. AEDRDRF. BHROKIT.
AEBHROFERICERT 2EBGERICEALELTI. EEZEVDINRETOTTFHT
TEBEWET,

@ KEIIREINET—RDFERICER Y 2F=FBDRFTFIES LUV ZDHDIEF DERE
ICDOWVWTIE. HIEIFZDEEBVEHA.

@ EMEEHZZELET,
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