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Open-source MLOps platforms
NetApp works with all major MLOps platforms

- NetApp AFF with NetApp ONTAP = NetApp cloud storage services
Cloud-connected all-flash storage @ Storage-as-a-service

Fi NetApp NetApp BlueXP
Unified hybrid multicloud storage management and data services

Private Cloud/Datacenter
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A Snapshot copy records only changes to the active file
system since the last Snapshot copy.
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FlexClone copies share data blocks with their parents, consuming no
storage except what is required for metadata.
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$ cat << EOF >
{
"version": 1,

"storageDriverName":

./trident-backend-aipod-flexgroups-ifacel.json

"ontap-nas-flexgroup",

"backendName": "aipod-flexgroups-ifacel",
"managementLIF": "10.61.218.100",
"dataLIF": "192.168.11.11",

"svm": "ontapai nfs",

"username": "admin",

"password": "ontapai"

}

EQOF

$ tridentctl create backend -f
ifacel.json -n trident

e i
o
| NAME |

| STATE | VOLUMES |
e e L
e

| aipod-flexgroups-ifacel |

b263-b6dabcdecObdd | online | 0

e S ittt
o
| NAME |

| STATE | VOLUMES |
o e
o

| aipod-flexgroups-ifacel |

b263-bodabcdecObdd | online | 0

ontap-nas-flexgroup |

ontap-nas-flexgroup |

./trident-backend-aipod-flexgroups-

UUID

—t—— - pom - +

b74cbddb-e0b8-40b7-

UUID

—t—— - tom - +

b74cbddb-e0b8-40b7-

2. NetApp. FlexVol® M Trident/\w 7 T ROIERBHIER L TWET, KENABT TV Tr—>3 VDR

FTa VT BR. BH. TNYIEREEDREFICIE
4, FlexVollRl) 2 — LZEFERT3HSIE.

FlexXVolrR) a—L%ZFERATZIcxH#HLE

FlexVolsi 5D Trident/N\w 2 T R%& 1 DU EERR T B UEN

HDFET, XOY>F) AT RiF. B—DFlexVolxfitTrident/\w 7 T ROERERLTWVWET,
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$ cat << EOF > ./trident-backend-aipod-flexvols.json
{

"version": 1,
"storageDriverName": "ontap-nas",
"backendName": "aipod-flexvols",
"managementLIF": "10.61.218.100",
"dataLIF": "192.168.11.11",
"svm": "ontapai nfs",

"username": "admin",

"password": "ontapai"

}

EOF

$ tridentctl create backend -f ./trident-backend-aipod-flexvols.json -n
trident

Fommmmmmemoososmesonoomoms Fommmmmmemenoneososoos

o - e fomm - +

| NAME | STORAGE DRIVER | UUID

| STATE | VOLUMES |

fmm fmm
Fommmmmmmmesesessse s s e e o= Pommmmmm== +

| aipod-flexvols | ontap-nas | 52bdb3bl-13a5-4513-a9cl-
52a690657fabe | online | 0 |

Rttt P csseseseme=
Fommmmmmrmessrrrrrrr e reme e e e e o Fommmmom= Fommmmmom= +

$ tridentctl get backend -n trident

Rttt P cemsmesememe=
Fommmmmmrmesrrrrrrrre e meme s e emm o Frommmmom= Fommmmmom= +

| NAME | STORAGE DRIVER | UUID

| STATE | VOLUMES |

e e e e
Fommmmcccosssssrsrss e e s T E e e S e e Fommmmmm= Fommmmmmm= +

| aipod-flexvols | ontap-nas | 52bdb3bl-13a5-4513-a9cl-
52a69657fabe | online | 0 |

| aipod-flexgroups-ifacel | ontap-nas-flexgroup | b74cbddb-e0b8-40b7-b263-
bo6daocdecObdd | online | 0 |

NetApp AlPodT 701 X > D Kubernetes X kL —2 0 5 XD

TridentZzf£MA L T Kubernetes 7 5 X Z—ATX ML —2 UV —ZEMICTOED 3
=>4 F3a1C. 1 DL E®D Kubernetes StorageClasses *Ef 9§ 2 EBHH D £,

UFDAF. CDV)a—a>OaYR—3%Y M ROGHAICEBRAT 358ICERT
BABMDODBHZIIETIELRATDRANL =TI T RZRLTWVWETY, "NetApp AlPod"
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../infra/ai-aipod-nv-intro.html

o

StorageClasses D&l H&LVMD T Z v b T #+ — L/AERIED StorageClasses Dl

[CDOWTIE. "Trident RFa X2 k',

1. NetAppld. 2> 3 > TIERL L 7=FlexGroupst&Trident/\w 7 T > R M StorageClassz FR T 5 Z & &

HWEEL £9, "NetApp AIPodEAICH T B Trident/N\wy 7 TV FOF" . ZTv 1. UTFOIAT Y RN,
OV TR SN Y TN IV RIS T 2EBDA ML —2 0 5 AOEMZETR L TULE
To "NetApp AIPOdEAICE T B Trident/N\y 7 T > RDFI"ZX T 1 -EBT SHD"NFS over RDMA"Z
LTESTIEBEVDHD,

Wi § B PersistentVolumeClaim (PVC) DHIBRINf-& FITKEARY a—LAHIBRINEVWKLS IS, K
DFITIF reclaimbolicy DI “Retain, FHMAICDULVTIE. ‘reclaimPolicy’ 7 4 —JL RIZDWTIZ,
8T "Kubernetes K+ a2 X > k"

A RDBFID StorageClasses Tld. mAEET 1 X & LT 262144 ZfEFAL £, CORKEET 1 %
EATBICIE. ONTAPY R T ATRAELXY 1 A BEYNIRE T IHNELH D £, BER'ONTAPD R
o A2 RIS DWW T,

3¥: NFS over RDMA Z{EH T 3I1CI&. ONTAP> X5 LT NFS over RDMA #58E T AHELH D F£9,
SH"ONTAPD R 2 X > FEEMIC DUV Tldo

A RDOBITIE. StorageClass BFE 7 7 -1 )LD storagePool 7« —JL RICHED/NY I I RHHEETH
TWEY,
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$ cat << EOF > ./storage-class-aipod-flexgroups-retain.yaml
apiVersion: storage.k8s.io/vl
kind: StorageClass
metadata:
name: aipod-flexgroups-retain
provisioner: csi.trident.netapp.io
mountOptions: ["vers=4.1", "nconnect=16", "rsize=262144",
"wsize=262144"]
parameters:
backendType: "ontap-nas-flexgroup"
storagePools: "aipod-flexgroups-ifacel:.*"
reclaimPolicy: Retain
EQOF
$ kubectl create -f ./storage-class-aipod-flexgroups-retain.yaml
storageclass.storage.k8s.io/aipod-flexgroups-retain created
$ cat << EOF > ./storage-class-aipod-flexgroups-retain-rdma.yaml
apiVersion: storage.k8s.io/vl
kind: StorageClass
metadata:
name: aipod-flexgroups-retain-rdma

provisioner: csi.trident.netapp.io

mountOptions: ["vers=4.1", "proto=rdma", "max connect=1l6",
"rsize=262144", "wsize=262144"]
parameters:

backendType: "ontap-nas-flexgroup"
storagePools: "aipod-flexgroups-ifacel:.*"
reclaimPolicy: Retain
EQOF
$ kubectl create -f ./storage-class-aipod-flexgroups-retain-rdma.yaml
storageclass.storage.k8s.io/aipod-flexgroups-retain-rdma created
$ kubectl get storageclass

NAME PROVISIONER AGE
aipod-flexgroups-retain csi.trident.netapp.io Om
aipod-flexgroups-retain-rdma csi.trident.netapp.io Om

NetApp. 22> 3 > TIERL L 7=FlexVolXd & Trident/\w & T > RIZXH 9 % StorageClass = Ep 93 Z &
HHBELTVET, "AlPodT 704 X FHDTrident/N\y 7 T2 RO . RTFw F2, OB > FILIAR
> RiF. FlexVol’RY 2 — LADE—D StorageClass DIEZRL TWLWE T,

A RDOBITIL. StorageClass B 7 7 -1 )LD storagePool 7« —JL R ICRFED Backend HHEE TN TLY
Ft Ao, ZDStorageClass% A L TKubernetes TR ) 2 — L% EE Y 315G, TridentidF A RIAEZR /N
wOIVRZFEALEISELEXT, ontap-nas’ R Z-1/\,
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$ cat << EOF > ./storage-class-aipod-flexvols-retain.yaml
apiVersion: storage.k8s.io/vl
kind: StorageClass
metadata:
name: aipod-flexvols-retain
provisioner: netapp.io/trident
parameters:
backendType: "ontap-nas"
reclaimPolicy: Retain
EQOF
$ kubectl create -f ./storage-class-aipod-flexvols-retain.yaml
storageclass.storage.k8s.io/aipod-flexvols-retain created
$ kubectl get storageclass

NAME PROVISIONER AGE
aipod-flexgroups-retain csi.trident.netapp.io Om
aipod-flexgroups-retain-rdma csi.trident.netapp.io Om
aipod-flexvols-retain csi.trident.netapp.io Om
— .
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Airflow Z 7 704 9 3 HilC. Kubernetes 7 7 XX —HTT 7 #JL kD StorageClass #I8E T 2 HENH D

£9, Aiffow DFFO4X> b 7OV XTIE. 77 7JL D StorageClass ZEHA L TH L LKA 22—
LEZ7OES3=>JLL5LET, T7 2L LD StorageClass & L T StorageClass BMEE SN TL\A

WHEE. T7OCMXYMEIKBLET, VSRAEZ—KNTTIFILEDI L= TS A%FIBET BIC

I&. "Kubeflow 7 7O XY Mo 3>, VT RRZ—RTT 7 4I)L bOD StorageClass =9 TICIEEL TWL
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Helm Z{EA L T Airflow #7019 3

Helm %R L T Kubernetes 75 X2 —I(C Airfflow #7704 3ICIE. TTOAMX N Py T KA D
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TV OB FILAT Y RiE. Helm ZEA L7 Aiflow OF 7O4 XY hERLTWET, EEZEE.
BN, HIBRL £9. “custom- values.yamI'BFRIFEHFLE T IHEMICILLE T BEISIGCLTTZ 7L ZEEBL
9,

$ cat << EOF > custom-values.yaml
FHA#H A H AR
# Airflow - Common Configs
FHAFHHEHHH A AR HRF AR S
airflow:

## the airflow executor type to use

#4

executor: "CeleryExecutor"

## environment variables for the web/scheduler/worker Pods (for
airflow configs)

#4

#
FHAHHHEHRH AR A AR S
# Airflow - WebUI Configs
FHAFH A
web:

## configs for the Service of the web Pods

#4

service:

type: NodePort

FHAFH A A A AR
# Airflow - Logs Configs
iFgsstsEs s ias A EEE LA LR EEEEEEEEE
logs:

persistence:

enabled: true

FHAFH A A AR
# Airflow - DAGs Configs
iFgss s Eas T LA LR EEEEEEEE
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dags:
## configs for the DAG git repository & sync container
#4
gitSync:
enabled: true
## url of the git repository
#4
repo: "git@github.com:mboglesby/airflow-dev.git"
## the branch/tag/shal which we clone
#4
branch: master
revision: HEAD
## the name of a pre-created secret containing files for ~/.ssh/

#4

## NOTE:

## - this is ONLY RELEVANT for SSH git repos

## - the secret commonly includes files: id rsa, id rsa.pub,

known hosts
## - known hosts is NOT NEEDED if “git.sshKeyscan  is true

#4

sshSecret: "airflow-ssh-git-secret"

## the name of the private key file in your ‘git.secret’
#4

## NOTE:

## - this is ONLY RELEVANT for PRIVATE SSH git repos

#4

sshSecretKey: id rsa
## the git sync interval in seconds
#4
syncWait: 60
EQOF
$ helm install airflow airflow-stable/airflow -n airflow --version 8.0.8

--values ./custom-values.yaml

Congratulations. You have just deployed Apache Airflow!
1. Get the Airflow Service URL by running these commands:
export NODE PORT=S$ (kubectl get --namespace airflow -o
jsonpath="{.spec.ports[0] .nodePort}" services airflow-web)
export NODE IP=$ (kubectl get nodes —--namespace airflow -o
Jjsonpath="{.items[0] .status.addresses[0] .address}")
echo http://$SNODE_IP:S$SNODE_ PORT/
2. Open Airflow in your web browser

2. $RTO Airflow Ry RHREL TWB 2B LET, IRTORY RHEEFT D X TICHDHH D
BEhHD XTI,
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3. F|E1 T Helm ZEAL TAiflow 27 70O« Lz ZiICa> Y —ILICRREINIFIEBICRE > T, Airflow

$ kubectl -n airflow get pod

NAME
airflow-flower-b5656d44f-h8gjk
airflow-postgresqgl-0
airflow-redis-master-0
airflow-scheduler-9d95fcdf9-clfdb
airflow-web-59c94db9c5-z7rg4

alirflow-worker-0

Web #—E X URL ZEIGL £ 7,

READY
1/1
1/1
1/1
2/2
1/1
2/2

STATUS

Running
Running
Running
Running
Running

Running

RESTARTS

N O N O O O

$ export NODE PORT=$ (kubectl get --namespace airflow -o

jsonpath="{.spec.ports[0] .nodePort}" services airflow-web)

$ export NODE IP=$ (kubectl get nodes --namespace airflow -o

Jjsonpath="{.items[0] .status.addresses[0] .address}")

$ echo http://SNODE_TIP:SNODE_PORT/

4. Airflow Web H—E X ICT7 IR TETd e xR LET,
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2. Kubernetes 77 5 X2 —|ZNetApp Tridenth g TICA VY XA F—=)LT . BREINTWLWET, TridentDFEHAIC
DWTIE, "TridentO RFa X2 k",
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JupyterHub =7 70O 9 %HiIC. Kubernetes I FO—J)L /—RICHelm%Z A4 VA =L 2HNEHNHD £
o HelmZzA VX E—JLTBICIF. "1 VA F—ILFIE"AT Helm FF a2 X > MIEEHINTWLWET,

T 74 )L k@DKubernetes A FL— O S XA ERET D

JupyterHub =7 70O § %HEiIIC. Kubernetes 75 XX —AT7T 7 #JL k@D StorageClass Z18E 3 2 HEH
HDET, VFAZ—AHNTTIAIN MDA ML= U FRAEIBET BICIE. "Kubeflow 7 THOA X > RIS
32, VZAR—ATT 7 #I)L D StorageClass Z 9 TICIEEL TWBHEIE. COFIEZXFy S TEZE
ED

JupyterHubZz 77019 %

LERDFIEZTT 5 L. JupyterHub Zz7 70O+ § 3FE®mNEWVE T, JupyterHub D7 FOA X > MMIIEK
DFIEHNHETT,

JupyterHub 7040 X~ h %R T 3

FT7O4 XY FORIIC. TNENOEREICEHLE T JupytertHub T 7OA4 XY h 2 RE(CLTEZI 2 HEOL
9, configyaml 7 71 J)LZ{ER L. Hem Fv— brZERAL T 7OMRICENZFATEEF I,

config.yaml 7 7 1 JLOBNIRDIZERICH D £,  https://github.com/jupyterhub/zero-to-jupyterhub-k8s/blob/
HEAD/jupyterhub/values.yaml

_ @ config.yaml 7 71 JLTl&. NetApp Trident StorageClass ®

@ (singleuser.storage.dynamic.storageClass) /N7 X— 2 ZHRETETE I, Nid. B4na
—H— D= ZAR=ADR) 2a—LZzFOED I Z VI TRLEDIFERINZI AL 03
AT,

HER) 12— LDEM
IARTD JupyterHub I —H —[CHBRY 2 —LZFEA Y 3BEIE. NUTEL T config.yaml ZFAETEX

9o T=& ZI&. jupyterhub-shared-volume & L5 #H PersistentVolumeClaim H'$% 3355 DK D ICTART
D1—H— Ky KT /home/shared ¥ LTY TV FTEET,
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singleuser:
storage:
extraVolumes:
- name: jupyterhub-shared
persistentVolumeClaim:
claimName: jupyterhub-shared-volume
extraVolumeMounts:
- name: jupyterhub-shared
mountPath: /home/shared

() chizgt7oa>oFETHED. ChE0/85X—2IFRBIEL TRETS 7.

Helm Chart TJupyterHub%* > 70 § %

Helm I JupyterHub Helm Fv— bk DRI MU ZEREIEF T,

helm repo add jupyterhub https://hub.jupyter.org/helm-chart/
helm repo update

RDESBHADVRRIEINET,

Hang tight while we grab the latest from your chart repositories...
...Skip local chart repository

...Successfully got an update from the "stable" chart repository
...Successfully got an update from the "jupyterhub" chart repository
Update Complete. [l Happy Helming![]

RIC. configyaml EEFNTWB T LI MUDSXRODIOT Y FZEITL T config.yaml THEEINF v
—brZA2RAM=ILLET,

helm upgrade --cleanup-on-fail \
--install my-jupyterhub jupyterhub/jupyterhub \
--namespace my-namespace \
--create-namespace \
--values config.yaml

@ C DFITIE.

<helm-release-name> & my-jupyterhub ICERETNTH D TNH JupyterHub J U —XDEFICED £7,
<k8s-namespace> (&, JupyterHub Z - > X b— )L § 2 %EIZEME TH % my-namespace ICFREINTUVE
9. --create-namespace 7 77 ¢, BEIEBAFLEFEELBVSSICHTIZEBZER T 3 71-HICFERAINE
9o --values 757 1F. RERERA T30S config.yaml 771 ILEIEEL I,
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F7O90 X FDOFESR

7Y T2 OERTHIC. ROOATY RTRY RIMETN TWA 2R TEX T,

kubectl get pod --namespace <k8s-namespace>

NTEe7OxFY Ry RHRITREICBRZ T THEE I,

NAME READY STATUS RESTARTS AGE
hub-5d4ffd57cf-k68z8 1/1 Running 0 37s
proxy-7cb9bcdcc-9bdlp 1/1 Running 0 37s

JupyterHub IC7 72X 93

JupyterHub ICT7 V2R T B7-DICERTEZ IPZRDITE T, HABDEKSIC. proxy-public H—E XD
EXTERNAL-IP WMEARBEICHR D £ T, KOOIV RZEITLE T,

@ config.yaml 7 71 JL T NodePort ' —EXZfEA L X LA BEICEDLWTRIRICEDET
FAETE £ (H: LoadBalancer).

kubectl --namespace <k8s-namespace> get service proxy-public

NAME TYPE CLUSTER-IP EXTERNAL-IP PORT (S)
AGE

proxy-public NodePort 10.51.248.230 104.196.41.97 80:30000/TCP
1m

JupyterHub ZEB T 3 (Cid. 7 77HIC7OF> NTUw o H—EXDOAIP ZAILEFT,

JupyterHub TNetApp DataOps*Y — /L% b Z{FHT 3

Z ? "Kubernetes FANetApp DataOps YV —JL % v k"JupyterHub A EHE TERATSE
9, NetApp DataOps Toolkit % JupyterHub ¥ AT 2. TV KR 2A—H—|F. 7—
PJAR=ZADNY I T v TRT—2ty bDSEFIADRL—HED T DIzDDR
) a—L X+ v T 3w % Jupyter Notebook RO S EIEER TE 3L SICHD F
ERS

TRy b TS
DataOps Toolkit % JupyterHub TfEA 9 3 HiIC. JupyterHub HYE 4 D 1 —H —d Jupyter Notebook Server 7R

w RIZEID TS Kubernetes ' —E X 7HD Y MIBEYARIERE S5 T 2HELHD £, JupyterHub
&, singleuser.serviceAccountName JupyterHub Helm F+ — F&B T 7 1 )L DEEL,
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DataOps V—ILF¥ v bDU S A Z—O—ILZ{ERT S

x93, AJa—L XFyvToay b EERT 37-OICHNER Kubernetes APl #fR % ¥ D netapp-dataops]
EWSEFIDYZRRZ— O—)LEERLET,

$ vi clusterrole-netapp-dataops-snapshots.yaml
kind: ClusterRole
apiVersion: rbac.authorization.k8s.io/vl
metadata:

name: netapp-dataops-snapshots

rules:
- apiGroups: [""]
resources: ["persistentvolumeclaims", "persistentvolumeclaims/status",
"services"]
verbs: ["get", "list"]
- apiGroups: ["snapshot.storage.k8s.io"]
resources: ["volumesnapshots", "volumesnapshots/status",

"volumesnapshotcontents", "volumesnapshotcontents/status"]
verbs: ["get", "list", "create"]

$ kubectl create -f clusterrole-netapp-dataops-snapshots.yaml
clusterrole.rbac.authorization.k8s.io/netapp-dataops—-snapshots created

J=bhITWO H—=N=DHY—ERTHIVMNIIZTRE—O—-ILEZDHETS

WY RBRIZEBADOEY A Y —E X 7H7U > ~MI 'netapp-dataops-snapshots' 75 22— O— L% E|D YT
BP2O0-ILNAT4>T%ERLET, 7= zIE. JupyterHub% Tjupyterhub) ZRIZERICA X k=L L.
‘singleuser.serviceAccountName Z# % £ 9 25513, RDOBICTRT & SIC. 'netapp-dataops-snapshots'
25 AR — O—)L% ‘'jupyterhub’ ZBITZERE D 'default H—E X 7AT > MIEIDHTET,
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$ vi rolebinding-jupyterhub-netapp-dataops—-snapshots.yaml
kind: RoleBinding
apiVersion: rbac.authorization.k8s.io/vl
metadata:

name: jupyterhub-netapp-dataops-snapshots

namespace: jupyterhub # Replace with you JupyterHub namespace
subjects:
- kind: ServiceAccount

name: default # Replace with your JupyterHub
singleuser.serviceAccountName

namespace: jupyterhub # Replace with you JupyterHub namespace
roleRef:

kind: ClusterRole

name: netapp-dataops-snapshots

apiGroup: rbac.authorization.k8s.io

$ kubectl create -f ./rolebinding-jupyterhub-netapp-dataops-snapshots.yaml
rolebinding.rbac.authorization.k8s.io/jupyterhub-netapp-dataops-snapshots
created

Jupyter Notebook A TR 2—L XF v T ay bEERT S

IRTE. JupyterHub I —H— (&, XDHITRT &L SIC. NetApp DataOps Toolkit ZfEF L T. Jupyter
Notebook AW S E#ER) 2a—L RF v o3y M EERTEZE T,
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Execute NetApp DataOps Toolkit operations within JupyterHub

This notebook demonstrates the execution of NetApp DataQOps Toolkit eperations froam within a Jupyter Notebook running on JupyterHub

Install NetApp DataOps Toolkit for Kubernetes (only run once)

Mote: This cell only needs to be run once. This is a one-time task

%pip install --user netapp-dataops-k8s

Import NetApp DataOps Toolkit for Kubernetes functions

from netapp_dataops.kfs import list_veolumes, list_volume_snapshots, create_volume_snapshot

Create Volume Snapshot for User Workspace Volume
The foliowing example shows the execution of a "create volume snapshot” operation for my user workspace valume,

jupyterhub_namespace = “jupyterhub"
my_user_workspace_vol = “"claim-moglesby"

create_volume_snapshot{namespace=jupyterhub_namespace, pvc_name=my_user_workspace_vel, print_output=True)

Creating VolumeSnapshot 'ntap-dsutil.28240726062955' for PersistentVolumeClaim (PVC) ‘claim-moglesby' in namespace 'jupy
terhub',

VolumeSnapshot “ntap-dsutil.2@248726002955° created, Waiting for Trident to create snapshot on backing storage.

Snapshot successfully created.

NetApp SnapMirrorz £/ L TJupyterHublC 7 — X ZE DAL

NetApp SnapMirrorld. NetAppA FL—Y AT LB TT—X2%ERTETZL ) r—
23> 7T0/0OYTY,. SnapMirror ZERAT S . JE— MRIED S JupyterHub (7
—REBMDALZEHTEET,

J—0 70— T EDH

SH8"Z D Tech ONTAP 7 074/ #475"NetApp SnapMirror%z 8 L T JupyterHub |7 — X Z XD AT EEMA T —
270—-FleTEZ BT,

MLV O—

MLflow =01 X > bk

ZDtU 3> Tld. Kubernetes 75 XA —I|C MLflow 7 OA1F3=HDICTET T3
MERHBZ A ZTICDWVWTEEL 7,

@ MLflow | Kubernetes UIND TSy b T —LICHTTOATEE T, Kubernetes AAND T
Sy bhT7Hx—LICMLlow 2T 7O1F 3. CDOV)a—>a>OHERNTT,
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2. Kubernetes 77 5 X2 —|ZNetApp Tridenth 3§ TICA VX =)L TN, B INTWVWE T, TridentDFEIC
DUVTIE. "TridentO RE¥a X2 Ky

HelimZ1 > X k—JL 93

MLflow |&. Kubernetes O—f&HIZ /Ny —2 Y2 —2 v —TH D Helm ZERAL T 7O NE T,
MLflow ZF O+ 9 %80IC. Kubernetes > bO—J)L /—RICHeim%ZA4 X =)L TINELRHD £,
HeimZz - > X b—I)LF3ICIF. "7 VA F—ILFIE"RAT Helm RF a2 XY MIEHINTULET,

T 7 #JL E@DKubernetes A AL —S 0 S X ERET D

MLflow Z 7 704 § 2#ilC. Kubernetes 7 2 XX —HNTT 7 #JL kD StorageClass ZIEE T 2 HENH D
F9. VIRAZ—ATTIAILEDR ML= ZZA%ZIBET BICIE. "Kubeflow 7 TOA4 A > U2 3
Yo VIRARA—ATT 74 LD StorageClass =3 TICIEEL TWVWBRHEHIE. COFIEZXF v FTEF
ER

MLflow* 57019 %
BHRREIEI-E N5, Helm Fvy— b ZFEAL T MLflow DT 70O1 BB TE £ 9,

MLflow Helm Chart OF 7040 X > b %8R L £ 7,

Helm v — b ZfEA L T MLflow 7 70O 9 %80l config.yaml 7 77 JL%Z{EHB L T. NetApp Trident
A=Y ISRZFERTBZELIICT IO ZEBHEL. Z—XEDHDETHONSX—2ZZETEET,
config.yaml 7 7 1 JLOAIX. RDIFFRICH D £9,  https:/github.com/bitnami/charts/blob/main/bitnami/
mliflow/values.yaml

@ config.yaml 7 7 -1 JL® global.defaultStorageClass /\> X — 4 TTrident storageClass % %€
TZ XY (f: storageClass: "ontap-flexvol")o

Helm Chart® -1 > X k=)L

Helm v — k&, DA< > REFEAL T, MLflow D7 XX L config.yaml 7 71 )LE EHICA VA M—
ILTEXT,

helm install oci://registry-1.docker.io/bitnamicharts/mlflow -£
config.yaml --generate-name --namespace jupyterhub

COOXR Y RIE. RBESINT config.yaml 7 71 )LZ N L THIX X LI T Kubernetes 75
()  x&—icMLflow 2F 70+ LET. MLflow SRS RBIERMICT 7O SN, UU—2
ICxF L T Kubernetes BT VA LR U —XEHREZ5NET,
F 7O X ~DORESE

Helm Fv¥y—rOT7O4/D T LS. ROOAY Y REFERALTH—ERICT VI TESZHE SHEHESS
TEEY,
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kubectl get service -n jupyterhub

() iupyterhub £, F7OA BRI L - RRIEMICES B £ T,

RDOY—EZXBRREINE T,

NAME TYPE CLUSTER-IP EXTERNAL-TP
PORT (S) AGE

mlflow-1719843029-minio ClusterIP 10.233.22.4 <none>
80/TCP, 9001/TCP 25d

mlflow-1719843029-postgresqgl ClusterIP 10.233.5.141 <none>
5432/TCP 25d

mlflow-1719843029-postgresqgl-hl ClusterIP None <none>
5432/TCP 25d

mlflow-1719843029-tracking NodePort 10.233.2.158 <none>

30002:30002/TCP 25d

@ NodePort #—E X & L TAHR— k 30002 ® MLflow IC7 2t X9 3L S5IC config.yaml 7 7
T ZRELE LT

MLflow [C77 2t X 93

MLflow(CREE T 2 IR TOH—EIDEFH L7 5. F8E SN 7=NodePortE 7zi&LoadBalancer®IP7 KL X (
5 : http://10.61.181.109:30002 )

NetApp & MLflow (C& BT —2t Y b SETFTIADNL—HEU 7+

Z ® "Kubernetes FANetApp DataOps 'V —ILF v k"TF—2 v O SETFIL. £71ED
—JAR=ZADSETIAD L —HE) T4 ZRETZ7HIC. MLilow DERERE
REX AR DOE THERATEEY,

T—=REY EDESETFILA, FHIET—IZAR=ZANSETIAD R L—HEY T4 %#RETBICIE. XROY
DTINOA—R ZZRY MIRTESIC. FL—Z2FFRTD—EL LT DataOps V—ILF* v b EFEALTT
— Ry bERIET—OZAR=A A a—LDRFT v T3y bEEHRLET, COO—RiE. MLflow EBR
B —N—IIRBFEITIHED L —ZVIERTICEEFITONEITE LT T—F R a—LRERF
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from netapp dataops.k8s import create volume snapshot

with mlflow.start run()

namespace = "my namespace" # Kubernetes namespace in which dataset
volume PVC resides
dataset volume name = "projectl" # Name of PVC corresponding to

dataset volume
snapshot name = "runl" # Name to assign to your new snapshot

# Create snapshot

create volume snapshot (
namespace=namespace,
pvc name=dataset volume name,
snapshot name=snapshot name,
printOutput=True

# Log data volume name and snapshot name as "tags"

# associated with this training run in mlflow.
mlflow.set tag("data volume name", dataset volume name)
mlflow.set tag("snapshot name", snapshot name)

*a—7J70O—
Kubeflow =704 X k

ZDtU 3> Tld. Kubernetes 7 5 XX —I|C Kubeflow #7704 §27=HICRT T
BZRREBEHRBHZRXRIICDOVWTEHBELE T,

ARSI
SOOI arTHATIERAREZEITIBRIIC. ROXRXINMBUCKRITINTULB L ZRIBE L TULE
ER

1. T TICHEBP D Kubernetes 75 XX —h'HD. T 7O4 B3 FED Kubeflow N\— 3 > THR— TN
TUWL3 Kubernetes DNN—2 3 02 ETLTVWET, Y R—EINTL SKubernetes®/N\—2 3> D) X
MMZDWTIE. Kubeflow/N\—2 3 > DEERERZESIRL TS 7ZE L "KubeflowD /AT FF a2 X > R,

2. Kubernetes 77 5 X2 —|ZNetApp Tridenth’ 9§ TICA Y X F—ILT . BTN TWLWET, Trident®EEHAIC
DWVWTIE, "Trident® RF a2 X2 Ry
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T 7 #J)L E@DKubernetes A AL —S U S XEFRET S

Kubeflow Z 7 70O § HilC. Kubernetes 75 X2 —WT7T 7 # )L b® StorageClass ZIEET D&%z H
BMHLET, Kubeflow DFFO4 KXY~ 7O X TIE. T 7 #J)L b StorageClass % £ L THr L LVkit
R a—L7OES aZ>IRRAITEINZHZENHD £T, 77 #JL b StorageClass & L T
StorageClass HMEE TN TUVWAWEE. T 7O4 XY MIKKT38EMDRHD £, VT AEZ—KHNTT 7
4L k@ StorageClass ZI8E T BICIE. T AKX N S VT RAMDSRDEAR IV ERTLET, 7
FZXRZ—WTT 7 #J)L D StorageClass Z 3 TICIEEL TW35EIF. COFIEZXFY T TETFT,

1. BI%F® StorageClass ® 1 D% 7 7 #JL b ® StorageClass £ L TEEL£FT, UTDIAT > RF|
I&. StorageClassDIEE%Z R L TWE T, ontap-ai-flexvols-retain’7 7 #JL D StorageClass & L To

Z® ontap-nas-flexgroup Trident/\WwI IV K RAFlE. &/ pvc B4 XHHED

@ RKELBDFET, 77 A4 ETIE Kubeflow FHA XD cB LHALW pvc Z270OEY
a=>JL&S58LET, LA >T. ‘“ontap-nas-flexgroup Kubeflow =040 X > ~
DEMT. T74J)L b StorageClass Y LTNY I IR 214 F%BELE T,

$ kubectl get sc

NAME PROVISIONER AGE
ontap-ai-flexgroups-retain csi.trident.netapp.io 25h
ontap-ai-flexgroups-retain-ifacel csi.trident.netapp.io 25h
ontap-ai-flexgroups-retain-iface? csi.trident.netapp.io 25h
ontap-ai-flexvols-retain csi.trident.netapp.io 3s

$ kubectl patch storageclass ontap-ai-flexvols-retain -p '{"metadata":
{"annotations":{"storageclass.kubernetes.io/is-default-class":"true"}}}"'
storageclass.storage.k8s.io/ontap-ai-flexvols-retain patched

$ kubectl get sc

NAME PROVISIONER AGE
ontap-ai-flexgroups-retain csi.trident.netapp.io 25h
ontap-ai-flexgroups-retain-ifacel csi.trident.netapp.io 25h
ontap-ai-flexgroups-retain-iface? csi.trident.netapp.io 25h
ontap-ai-flexvols-retain (default) csi.trident.netapp.io 54s

Kubeflow O T 7OA4 XY b A 3>

Kubeflow 7T 7OA $3ICIZTEZ I EHA T a>AHD 9, BB "KubeflowD /AT FF 2 X > M REREA
T3> DR MNEESRL. Z—XICRBERA T a Vv EBRIRLTLIEETL,

() #EDESIC. Kubeflow 1.7%F FOA LE L. "5 TOTKF 0.1.1,

T—R A ITYT 4 X ELITERERITIC Jupyter Notebook 77— AR— % O
Eoaz=>g9%

Kubeflow (& T—X YA IV T4 A MDT—0 AR— & L THBET D51 L L) Jupyter
Notebook H—/N\—ZHERICTOEY 3 =2 TE XY, Kubeflowd>YTF X A
M Jupyter Notebook DEFMHIC DWW TIE. "KubeflowD AT R F 2 X > k",
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FROM pytorch/pytorch:latest

RUN pip install torchvision numpy scikit-learn matplotlib tensorboard
WORKDIR /app

COPY . /app

COPY train mnist.py /app/train mnist.py

CMD ["python", "train mnist.py"]

BHICIHLC T, 7OV S LDOERTICHREBRINTOZA TSV ENYT—2%14 VA M=ILLET, EHFEE
ETFINENL—Z>TF3H0IC. TTICKREL TULS Kubeflow T 7014 XY bAHBZ e =RiIRE LTULE
ER
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Katib ZEB L71=/\1/N\—/X5 X— X DEER

"HT 1 7"E. ETILDONAIN=INT A=A TT=OICERTE 3 Kubeflow RDY —ILTY, K% ER
T3ICIF. FTENOEE/EEEZEERZLET, CNIIEE. TRAMDEBETY, XMy INERINTL
5. MLTHIEWNAN=NFA=R (A TT4IAF—IFBXR/ILAV—E) 2:#BRLE T, KatiblF. 21—
HF—EBDEZFRALTNAN=NTX—=E A1 —T%RTL. BHNOX M) v I ERBIIRER/INT A —
ROEAEDHLEERDITET, TNSDNTX—RIFUIDE LI IV TERTETET, HBWLIE. BER
AR ESEIR LI YAML 7 7 M IILEZERIT D EHTEXT, UTIEAT s TERBERORE T,

P tear] (G - =

« Experiment details B OELETE
Objective
Hame Wahdaton-accurocy
Type
Gaoal

Additicnal metrics

Trials

Max talked trinls
Max trinls

Pasallel trials

Parameters

¢ Parameter type: double  Min: 001 Max 0.03
num-layers Poarameter typazint e 1 Munx: 64
ptimizer Parameder type: calegorical  sgd, adam, firl
Algorithm

MName

Metrics collector

Collector type Fil
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D ieamT e = ]
« Experiment details —
@  Coukdny find any successful Trisl

OWERWIEW TRIALS CETAILS VAR
Hame

Status oE

Best trial Mo-af
Besttrials params

Best trial performance

User defined goal Valdatior-acturacy » 0.9
Running trials

Fadled triala

Succeeded irials

Experiment Conditions

= Filter 9

NetAppR+v Foay bZEAL TEIRRRT —XZRET S

EFILDRL—Z=>FI, BRWAREMDIOHICFL—=>F T—42ty FDRF v T3y b ERETS
BEDNBDET, CNEERTITBICIE. UTFISRT LIS NATSAVICRFyToay b ATy TzZE
mLEd, XF+vr>ay bEERTSICIE. "Kubernetes FiNetApp DataOps Vv —J)LF v k",

SHR "Kubeflow FH DNetApp DataOps Toolkit DFI"FHHICDOVWTIFCESZ CELIEE L,

Tridenti2{ED A
LTI UICIE. TridentTREITI BT XS ERIBEDHINEEFNTULET,

BEOR)a—LZzA>R—+TF3

Kubernetes 7 S XA —KND AV TF—ICR T b TN, 5 XZ—RD PVC ICEEEFIT SN TULWAEVELE
DAY 2—LDNetApp A L — S RATFLITZSY b T —LEICFEETZHEIE. CNS5OR)a—L%EA
VIR—RIBIRELRAHDFEFT, CNSDR) a—L%EAVR—ETBICIE. TridentR) 2—L 1 >R — M
BExFEHETEEY,
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MFoIaT> RAIE. pb fg all, PVCOFFMICDWTIE. "KubernetesD AT FFa X k"o R
— LA VR— MEREOFRIC DOV TIE, "Tridentd RF 2 X > k",

7 > “accessModes” Dfffifild "ReadOnlyMany t > )LD PVC 7 7 1L TIRESN TV E I, FEMICDL
Tl&. ‘accessMode 7 1 —JL RICDWTIE. "KubernetesD/ATLRF 2 X > k"

$ cat << EOF > ./pvc-import-pb fg all-ifacel.yaml
kind: PersistentVolumeClaim
apiVersion: vl
metadata:

name: pb-fg-all-ifacel

namespace: default
spec:

accessModes:

- ReadOnlyMany

storageClassName: ontap-ai-flexgroups-retain-ifacel
EQOF
$ tridentctl import volume ontap-ai-flexgroups-ifacel pb fg all -f ./pvc-—
import-pb fg all-ifacel.yaml -n trident

e e T o
e o

et e oo pomm - +

| NAME | SIZE | STORAGE CLASS

| PROTOCOL | BACKEND UUID | STATE |
MANAGED |

o oo
e e o

e et oo pomm - +

| default-pb-fg-all-ifacel-7d9fl1 | 10 TiB | ontap-ai-flexgroups-retain-

ifacel | file | b74cbddb-e0b8-40b7-b263-b6dacdecObdd | online | true
|

e o

e o

o - fomm - fomm - +

fessssssssssssssessososssss=ss=ssos fememe===s

o - e

fessmssee s se s o s s s e e fremem==== e I

| NAME | SIZE | STORAGE CLASS

| PROTOCOL | BACKEND UUID | STATE | MANAGED |
R R fremememm=s
fos=sss=sssssccscssssssssasosssss=as fem========

o e fomm - +

| default-pb-fg-all-ifacel-7d9fl | 10 TiB | ontap-ai-flexgroups-retain-
ifacel | file | b74cbddb-e0b8-40b7-b263-b6dabdecObdd | online | true
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$ kubectl get pvc

NAME STATUS VOLUME CAPACITY
ACCESS MODES STORAGECLASS AGE

pb-fg-all-ifacel Bound default-pb-fg-all-ifacel-7d9fl
10995116277760 ROX ontap-ai-flexgroups-retain-ifacel 25h

HLWRYa—LZOESaZ>093

TridentZfEA L T. NetAppA bL—2 S RATFLXLIE TSy b T7A4—LICHLWAR) 2a—LA%7FOEY 3=
VOTEET,

kubectl Z#ER L THLWARY 2 —L%2 O3 =593
KDY BFE. kubectl Z{EHA L TH L LFlexVol volumez 7O aZ>J 3 AEETRLTULWET,

77> “accessModes’ Dfffifi "ReadWriteMany XD > 7J)L PVC &7 7ML TEEEINTVLWE T, FMlICD
WTIE. ‘accessMode 7 1 —JL RICDWTIE. "Kubernetes®ATL R Fa A Ry

$ cat << EOF > ./pvc-tensorflow-results.yaml
kind: PersistentVolumeClaim
apiVersion: vl
metadata:
name: tensorflow-results
spec:
accessModes:
- ReadWriteMany
resources:
requests:
storage: 1Gi
storageClassName: ontap-ai-flexvols-retain
EQOF
$ kubectl create -f ./pvc-tensorflow-results.yaml
persistentvolumeclaim/tensorflow-results created
$ kubectl get pvc

NAME STATUS VOLUME

CAPACITY ACCESS MODES STORAGECLASS AGE
pb-fg-all-ifacel Bound default-pb-fg-all-ifacel-7d9fl
10995116277760 ROX ontap-ai-flexgroups-retain-ifacel 26h
tensorflow-results Bound default-tensorflow-results-
2£de60 1073741824 RWX ontap-ai-flexvols-retain

25h
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NetApp DataOps V—I)LF v rZFERALTHLWARY 2—LEFOEY 3 =093

NetApp DataOps Toolkit for Kubernetes ZfEF L T. NetAppA L —2 S RAFLFRIFT S Y b T+ —LAIC
FLWARD 2—LZ O3 =095 8HTEFET, NetApp DataOps Toolkit for Kubernetes &
Tridentz AL TR 2a—LZz7OED3aZ>JLEdA. I—H—0 7O XZz@HRILLEFT. SR+
a2 XY RERIC DWW T,

AIPodERDE/NT #—<I A2 3 T Df
B— /) —ROQOAID—70—REFETTS

Kubernetes 7 S XA X—THB—/—RDAI LUV ML 3T 2ETT3ICIE. 704
XN v T RAMNDERDRARAVZRITLET, TridentzERTR L. RE/NA
MRIEOT—2%Z STV AeEEDOH BT —2 K1) a—L%. Kubernetes 7—2o0O—RKHh
SRRNDOBEEICTIELRATEBRLDICBDET, COLSBT—R AR)a—L%
Kubernetes /Ry RIAD'S 7 VX TEBRLDICTBICIE. Ry REETPVC Zi8ES
B1EITTY,

DU a>Tld. Kubemnetes 77 XX —TEHITLEDELTWLWRREDAI ELU ML T
()  —so=FpFTIcay 7+ —1k (Docker 1V 7+ —Fa) SNTNBC L &HIRE LTUE
ER

1. x@a< > RBIE. ImageNet 7—2tw b Z AT S TensorFlow XY FIY—2 J—2o0— RED
Kubernetes ¥ 3 7DERETRL TWEd, ImageNetT—Zt v b DFEMAIC DL TIE. "ImageNety =7
U1k

COYTFINTaTIF8ED GPU Z2EKRT 7. 8EMULD GPU ZHX 1c8E—D GPU T—H—/ —
RTERITTETET, COYUTFILTaTid 8EULED GPU ZHBEH LT —H—/ — RHAFELAEL.
FLEFRENDOT—I/O—-FTHEASNTVSE I SRX—TEETEET, €DHFE. EDLOIBT—7H
—/—RFHHAEFTREICESZ E T, PaTIIREREBOTRICEDET,

THIC. AML—UBEREERALT RO BRERINL—Z220 T—2%5TR) a—LIE. 2O
ATICL>TERSNEARY RRIC2ETTY FENET, Ry RIZIEZRIOAR) a—LBHEHINTWLE
T CO2FBBDAR) a—LlF. BREX NIV IERRETZLEOHICERINE T, CN5DR)a—LA
I&. PVC D&HIZFERAL T3 JERTERINE T, KubernetesY 3 T DFFMIC DUV T
"Kubernetes AL R F a2 X k"

7> “emptyDir /R 1 2 — L3 EF "medium DfE{E "Memory (CEXD FF 5 TW3 “Idevishm™ Z D> )L
S THMERTBRY KRR, T 7 A4 bDH 1 X% /devishmDocker A>T+ T 21 LICK > TEH
MICPERL SN BIRAEARY) 2 — Lid. TensorFlow D= — X ZEEAWVWEARHDET, YTV b
‘emptyDir XDFID K SRR a—Lidk. +PBRKRI IO /devishm {RIER ) 2 — L. FFHICDOWLWTIE
‘emptyDir & (CDWTIE. "KubernetesD/ATLRF 2 X > k"

COPDT I TEETIEESINTVWRE—DI YT FITIE. securityContext > privileged Offf
fE “trueo COMEIF. AVTFHNRIMLETRENICIIL— M TV EREZFO>TVWEI L ZEKRLE
o COBE. BITINBZBFEDT—o/O—RICIFIL—F FICLIADKRETH S, CDT7/T—3
VHMERENE T, BAMICIE. 7—70—RHAETITEIF vy ad ) 7REICIEIL—F 772D %
ETY, cnh privileged: true’ 7/ T—2 3 VHRBEMNE SME. EITLTVWBAHFEDT7—27O0—RD
BEHICE>TEARDET,
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$ cat << EOF > ./netapp-tensorflow-single-imagenet.yaml
apiVersion: batch/vl
kind: Job
metadata:
name: netapp-tensorflow-single-imagenet
spec:
backoffLimit: 5
template:
spec:
volumes:
— name: dshm
emptyDir:
medium: Memory
- name: testdata-ifacel
persistentVolumeClaim:
claimName: pb-fg-all-ifacel
- name: testdata-iface?2
persistentVolumeClaim:
claimName: pb-fg-all-iface?2
- name: results
persistentVolumeClaim:
claimName: tensorflow-results
containers:
- name: netapp-tensorflow-py?2
image: netapp/tensorflow-py2:19.03.0
command: ["python", "/netapp/scripts/run.py", "--
dataset dir=/mnt/mount 0/dataset/imagenet", "--dgx version=dgxl",
num devices=8"]
resources:
limits:
nvidia.com/gpu: 8
volumeMounts:
- mountPath: /dev/shm
name: dshm
- mountPath: /mnt/mount O
name: testdata-ifacel
- mountPath: /mnt/mount 1
name: testdata-iface?2
- mountPath: /tmp
name: results
securityContext:
privileged: true
restartPolicy: Never
EQOF
$ kubectl create -f ./netapp-tensorflow-single-imagenet.yaml
job.batch/netapp-tensorflow-single-imagenet created

n
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$ kubectl get Jjobs
NAME COMPLETIONS DURATION AGE

netapp-tensorflow-single-imagenet 0/1 24s 24s

2. FIE1 TERLES I THRELLEITINTVWAR I ZEELE T, XOIAT Y RAIZ. ¥ aTJEEKTIHE

EINLEHDICY 3 TICHLTHE—DOK Y RAVERIN. COHRY RHBEGPU 7—hH— /—RD 1
DTERFINTVWE L ERELET,

$ kubectl get pods -o wide

NAME READY STATUS
RESTARTS AGE

IP NODE NOMINATED NODE
netapp-tensorflow-single-imagenet-m7x92 1/1 Running 0
3m 10.233.68.61 10.61.218.154 <none>

3 FIE1 TEMLAD I THERICKET LIEC e ZHEBLET, ROATYRAIK. Y3 THERICETL

40

Tl ZMHEBLET,



$ kubectl get jobs

NAME COMPLETIONS DURATION
AGE

netapp-tensorflow-single-imagenet 1/1 5m42s

10m

$ kubectl get pods

NAME READY STATUS
RESTARTS AGE

netapp-tensorflow-single-imagenet-m7x92 0/1 Completed
0 11lm

$ kubectl logs netapp-tensorflow-single-imagenet-m7x92
[netapp-tensorflow-single-imagenet-m7x92:00008] PMIX ERROR: NO-
PERMISSIONS in file gds dstore.c at line 702
[netapp-tensorflow-single-imagenet-m7x92:00008] PMIX ERROR: NO-
PERMISSIONS in file gds dstore.c at line 711

Total images/sec = 6530.59125

================ (Clean Cache !!!| ==================

mpirun -allow-run-as-root -np 1 -H localhost:1 bash -c 'sync; echo 1 >
/proc/sys/vm/drop caches'

mpirun -allow-run-as-root -np 8 -H localhost:8 -bind-to none -map-by
slot -x NCCL DEBUG=INFO -x LD LIBRARY PATH -x PATH python
/netapp/tensorflow/benchmarks 190205/scripts/tf cnn benchmarks/tf cnn be
nchmarks.py --model=resnet50 --batch size=256 --device=gpu
-—force gpu compatible=True --num intra threads=1 --num inter threads=48
--variable update=horovod --batch group size=20 --num batches=500
-—-nodistortions --num gpus=1 --data format=NCHW --use fplé6=True

-—use tf layers=False --data name=imagenet --use datasets=True
--data_dir=/mnt/mount 0/dataset/imagenet

-—datasets parallel interleave cycle length=10

-—datasets sloppy parallel interleave=False --num mounts=2

--mount prefix=/mnt/mount %$d --datasets prefetch buffer size=2000
-—datasets use prefetch=True --datasets num private threads=4

-—horovod device=gpu >

/tmp/20190814 105450 tensorflow horovod rdma resnet50 gpu 8 256 b500 ima
genet nodistort fpl6 rl1l0 m2 nockpt.txt 2>&1

4 X723 : oM E ) —>T7 v T LET, RO R, FIE1 THERSN D aT =
T hDOHIBRZRLTWVWET,

oad AT b EHIBRY B . Kubernetes IZBEMITSNTUVWSRY REBEBICHIBRL £9,
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Kubemetes {kis) Cluster

$ kubectl get jobs

NAME

AGE

netapp-tensorflow-single-imagenet

10m

$ kubectl get pods

NAME

RESTARTS AGE
netapp-tensorflow-single-imagenet-m7x92
0 11lm

COMPLETIONS
1/1
READY
0/1

$ kubectl delete Jjob netapp-tensorflow-single-imagenet

job.batch "netapp-tensorflow-single-imagenet" deleted

$ kubectl get Jjobs
No resources found.
$ kubectl get pods

No resources found.

RO EAID—oO0—REETT3

Kubernetes 7 5 XA X —TEHEATILF/—RAIBLVO ML 3 TZET93ICE. 77
OAXY N Pv T RANTRORZRVZERTLET, COTOERICED. NetApp
A a—LICREINTVWET—2%ZFHL. B—DT—H— /—FHRHTE3 LD
HZLDGPU ZFHATETALSICABD XY, DA O3 TDORICDOWTIE. kD

SRLTLIEE L,

®

A X hOEENTT,

Kube API

Data Data
$ b

Master Node

DURATION

5m42s

STATUS

Completed

EHADES 3 713, JEEEOBS a TEBL T N7 4=V REML—Z 2T DFEEZH
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COFDT—H— F O XY FTIE 8 ED GPU BRSNS 7. 8EULD GPU 2 -E—D
GPUTJ—Hh— /—KRTEFTTETEIT, GPUT—H— /—FRIC8EA%RFEZD GPUMWEEH INTLDIE
Bl NI =TIV RERARICEDZ=HIC. CO¥ET—H— /—RICBHEINTLS GPU 0¥ &
FLCICAEDESICEY T EHITIHLET, Kubernetes®DFT 7OA X FDOFEMICDOWVTIE.
"KubernetesO AL R Fa X k",

COFITIE. COREDIAVTHEEIN=T—H—IZEHTIEITT LAV =8, Kubernetes 77O X
YEDMERENE T, LD > T, Kubernetes ¥ 3 JiB&2FEBE L TTF 7O1 9 2DIEEKLH D £H
Ao T—H—HDEBEMTETITBLSICKETFIEEBRTNTVWBRIBEIF. P37 AV NSV bEFERL
TI)—h—%T7O14 932 EMEMNTT,

COFDTTOAC XY MEERTIEESNTWVWS R Y RIZIE. hostNetwork DOffifE “true. DB

I&. Kubernetes BNEEZR Y RIS L TER T 21RE®RY b T—20 XXy I TIEHRLL, KX~ T—H—
J—=RDRYNT—0 A2y I ERYy RHIMERTZcE2EKRLET, COHBE. D7/ T—>3vh
FAINZDIE. HEDT—2o0— KD Open MPI. NCCL. & U Horovod ICf&FL T, 7—20O—R
ZRIBADE AN TRITIBZH TS, LD >T. KA XY NT—T ARV IANDT I ADRET
9o Open MPI. NCCL. Horovod ICEE S 25iREIE. CORFa XY bDEREANTT, D
‘hostNetwork: true’ 7 ./ 7—> 3 UHMEHAE SHME. EITLTVBRREDT—27O0—ROEHICEL-T
BEDZET, FFMICDOLTIE. “hostNetwork' 7 4 —JL KICDWTId. "Kubernetes /AT R 2 X > k"

o

$ cat << EOF > ./netapp-tensorflow-multi-imagenet-worker.yaml
apiversion: apps/vl
kind: Deployment
metadata:
name: netapp-tensorflow-multi-imagenet-worker
spec:
replicas: 1
selector:
matchLabels:
app: netapp-tensorflow-multi-imagenet-worker
template:
metadata:
labels:
app: netapp-tensorflow-multi-imagenet-worker
spec:
hostNetwork: true
volumes:
- name: dshm
emptyDir:
medium: Memory
- name: testdata-ifacel
persistentVolumeClaim:
claimName: pb-fg-all-ifacel
- name: testdata-iface?2
persistentVolumeClaim:
claimName: pb-fg-all-iface?2
- name: results
persistentVolumeClaim:
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claimName: tensorflow-results
containers:
- name: netapp-tensorflow-py?2
image: netapp/tensorflow-py2:19.03.0

command: ["bash", "/netapp/scripts/start-slave-multi.sh",
"22122"]
resources:
limits:
nvidia.com/gpu: 8
volumeMounts:
- mountPath: /dev/shm
name: dshm
- mountPath: /mnt/mount 0
name: testdata-ifacel
- mountPath: /mnt/mount 1
name: testdata-iface?
- mountPath: /tmp
name: results
securityContext:
privileged: true
EOF

$ kubectl create -f ./netapp-tensorflow-multi-imagenet-worker.yaml
deployment.apps/netapp-tensorflow-multi-imagenet-worker created
$ kubectl get deployments

NAME DESIRED CURRENT UP-TO-DATE
AVATILABLE AGE

netapp-tensorflow-multi-imagenet-worker 1 1 1

1 4s

2. FE1 TER L7 —hH— T 7O4 X MAEBICES LI ZBRELET, XXV REIE. T
TOAMXY FERICEINTWVWBR LIS, TTOAMAY MR LTE—OT—H— Ry RABMER SN,
DRY RAREGPU T—H— /—RD1DTEITINTVWBR L ZHERELET,

$ kubectl get pods -o wide

NAME READY

STATUS RESTARTS AGE

IP NODE NOMINATED NODE
netapp-tensorflow-multi-imagenet-worker-654fc7£486-v6725 1/1

Running 0 60s 10.61.218.154 10.61.218.154 <none>

$ kubectl logs netapp-tensorflow-multi-imagenet-worker-654fc7f486-v6725
22122

3. FEEARILTF / — R O3 OERTEHEE. 2. Bifd 23T XY —HD Kubernetes 3 7%= EB L 9
UTFoa< > RFlE. £ 3>l T8E— ) — RTEITEINFE CTensorFlowR > FI—272 3 T DE
HADEEITE IR, B, BEig 3V XA —%E1D1ERLE T, "H—/ —FDAIT—J0O0—R%EET9 5"

44


ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html
ai-osmlops-train-singlenode.html

o

CDOFIDTRA—3T1E8 DD GPU #EKRT 378, 8EAMULED GPU gz 7=8—dD GPU 7 —H—
J—RTEITTEEXI, GPUT—H— /—RIC8E%ZEBRS GPUDEEHINTWEFEIE. NT+—
IVRAERARICEDHD=HIC. COBET—H— /—RICEBHEINTLS GPU DEERILICHRZ LS
ISP I EBITIOHLET,

COPITEERHTIEESNTVE I AR—RY RIZIE. “hostNetwork DfEfE "true’ HEIER Y RICEX
5NT=DZE L &£ SIC “hostNetwork' DfHifE ‘true’ X 7w F1To " DENNELRIBRODEFMICDOWVTIL.
Flg1 #=B8BLTLEEETL,

$ cat << EOF > ./netapp-tensorflow-multi-imagenet-master.yaml
apiVersion: batch/vl
kind: Job
metadata:
name: netapp-tensorflow-multi-imagenet-master
spec:
backofflLimit: 5
template:
spec:
hostNetwork: true
volumes:
- name: dshm
emptyDir:
medium: Memory
- name: testdata-ifacel
persistentVolumeClaim:
claimName: pb-fg-all-ifacel
- name: testdata-iface?
persistentVolumeClaim:
claimName: pb-fg-all-iface?2
- name: results
persistentVolumeClaim:
claimName: tensorflow-results
containers:
- name: netapp-tensorflow-py2
image: netapp/tensorflow-py2:19.03.0
command: ["python", "/netapp/scripts/run.py", "--
dataset dir=/mnt/mount 0/dataset/imagenet", "--port=22122", "--
num devices=16", "--dgx version=dgxl", "--
nodes=10.61.218.152,10.61.218.154"]
resources:
limits:
nvidia.com/gpu: 8
volumeMounts:
- mountPath: /dev/shm

name: dshm
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5.
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- mountPath: /mnt/mount O
name: testdata-ifacel
- mountPath: /mnt/mount 1
name: testdata-iface?
- mountPath: /tmp
name: results
securityContext:
privileged: true
restartPolicy: Never
EOF
$ kubectl create -f ./netapp-tensorflow-multi-imagenet-master.yaml
job.batch/netapp-tensorflow—multi-imagenet-master created
$ kubectl get Jjobs
NAME COMPLETIONS DURATION AGE
netapp-tensorflow-multi-imagenet-master 0/1 25s 25s

FIE 3 TER LY AR — P33 THELLETINTVWBR I ZERLET, XOOTY R, T3
TERICRINTVWEESIC. D3 TICRLTE—DIYRAZ— Ry RHIMEF I, CDRy RHIRE
GPUT—Hh— /—FRD1DTEITINTVWBR e ZHERLET, £7-. FIE1 TERVICHESELT7—7h
— Ry RDBELRITINTED, YAEZ— Ry RET—H— Ry RHRERZ/—RTRITINTVWSBC
CHHERTIHNELNHD X,

$ kubectl get pods -o wide

NAME READY
STATUS RESTARTS AGE

IP NODE NOMINATED NODE
netapp-tensorflow-multi-imagenet-master-ppww]j 1/1
Running 0 45s 10.61.218.152 10.61.218.152 <none>
netapp-tensorflow-multi-imagenet-worker-654fc7£486-v6725 1/1
Running 0 26m 10.61.218.154 10.61.218.154 <none>

FIE3 THER LY R — D3 TREBICTET LIS ZREBLET, ROOATY FAIIE. a3 THIE
BICTET LI zmEBLET,

$ kubectl get Jjobs

NAME COMPLETIONS DURATION AGE
netapp-tensorflow-multi-imagenet-master 1/1 5m50s 9ml8s
$ kubectl get pods

NAME READY

STATUS RESTARTS AGE

netapp-tensorflow-multi-imagenet-master-ppww]j 0/1

Completed 0 9m38s

netapp-tensorflow-multi-imagenet-worker-654fc7£486-v6725 1/1
Running 0 35m
$ kubectl logs netapp-tensorflow-multi-imagenet-master-ppww]



[10.61.218.152:00008] WARNING: local probe returned unhandled
shell:unknown assuming bash

rm: cannot remove '/lib': Is a directory

[10.61.218.154:00033] PMIX ERROR: NO-PERMISSIONS in file gds dstore.c at
line 702

[10.61.218.154:00033] PMIX ERROR: NO-PERMISSIONS in file gds dstore.c at
line 711

[10.61.218.152:00008] PMIX ERROR: NO-PERMISSIONS in file gds dstore.c at
line 702

[10.61.218.152:00008] PMIX ERROR: NO-PERMISSIONS in file gds dstore.c at
line 711

Total images/sec = 12881.33875

================ (Clean Cache !!! ======s===========

mpirun -allow-run-as-root -np 2 -H 10.61.218.152:1,10.61.218.154:1 -mca
pml obl -mca btl “openib -mca btl tcp if include enpls0f0 -mca

plm rsh agent ssh -mca plm rsh args "-p 22122" bash -c 'sync; echo 1 >
/proc/sys/vm/drop caches'

mpirun -allow-run-as-root -np 16 -H 10.61.218.152:8,10.61.218.154:8
-bind-to none -map-by slot -x NCCL DEBUG=INFO -x LD LIBRARY PATH -x PATH
-mca pml obl -mca btl "“openib -mca btl tcp if include enplsO0f0 -x
NCCL_IB HCA=mlx5 -x NCCL NET GDR READ=1 -x NCCL_IB SL=3 -x

NCCL IB GID INDEX=3 -x

NCCL_SOCKET IFNAME=enp5s0.3091,enpl2s0.3092,enpl32s0.3093,enpl39s0.3094
-x NCCL_ IB CUDA SUPPORT=1 -mca orte base help aggregate 0 -mca

plm rsh agent ssh -mca plm rsh args "-p 22122" python
/netapp/tensorflow/benchmarks 190205/scripts/tf cnn benchmarks/tf cnn be
nchmarks.py —--model=resnet50 --batch size=256 --device=gpu
-—-force gpu compatible=True --num intra threads=1 --num inter threads=48
--variable update=horovod --batch group size=20 --num batches=500
-—-nodistortions —--num gpus=1 --data format=NCHW --use fpl6=True

--use tf layers=False --data name=imagenet --use datasets=True

--data dir=/mnt/mount 0/dataset/imagenet

-—datasets parallel interleave cycle length=10

-—-datasets sloppy parallel interleave=False --num mounts=2

--mount prefix=/mnt/mount %d --datasets prefetch buffer size=2000 --
datasets use prefetch=True --datasets num private threads=4

--horovod device=gpu >

/tmp/20190814 161609 tensorflow horovod rdma resnet50 gpu 16 256 b500 im
agenet nodistort fpl6é rl0 m2 nockpt.txt 2>&1

6. REBEICHR-T=6T7—H—FT 7O X b EHIRLET, OO RHIE. FlE1 TERSN T —hH—
FIOAAY S 7T FOBIBRERLTVWET,

J—hH— FTOA4X N 7T b=HIBRT D . Kubernetes IZEEMITENTVWET—H— Ry R
=BERICHIFRL £9,
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$ kubectl get deployments

NAME DESIRED CURRENT UP-TO-DATE
AVATLABLE AGE

netapp-tensorflow-multi-imagenet-worker 1 1 1

1 43m

$ kubectl get pods

NAME READY

STATUS RESTARTS AGE

netapp-tensorflow-multi-imagenet-master-ppwwj 0/1

Completed 0 17m

netapp-tensorflow-multi-imagenet-worker-654fc7£486-v6725 1/1

Running 0 43m

S kubectl delete deployment netapp-tensorflow-multi-imagenet-worker
deployment.extensions "netapp-tensorflow-multi-imagenet-worker" deleted
$ kubectl get deployments

No resources found.

$ kubectl get pods

NAME READY STATUS
RESTARTS AGE

netapp-tensorflow-multi-imagenet-master-ppwwj 0/1 Completed 0
18m

1. 3723 i RRE=23TT7—T14 77020 )—2T7yFLET, ROITY REIE. FIE 3 TE
MENYAZ— 23T T2 bORIBRERLTVWET,

NARRA—23 74T 10 &R T S . Kubernetes IZEEMITENTVWBR TR THOYRE—RY R
= BERICHIFRL £95,

$ kubectl get Jjobs

NAME COMPLETIONS DURATION AGE
netapp-tensorflow-multi-imagenet-master 1/1 5m50s 19m
$ kubectl get pods

NAME READY STATUS
RESTARTS AGE

netapp-tensorflow-multi-imagenet-master-ppwwj 0/1 Completed 0
19m

$ kubectl delete Jjob netapp-tensorflow-multi-imagenet-master
job.batch "netapp-tensorflow-multi-imagenet-master" deleted
$ kubectl get Jjobs
No resources found.
$ kubectl get pods
No resources found.
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