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

— NetApp AFF with NetApp ONTAP :
Cloud-connected all-flash storage Oniaicaplicationd

N NetApp

MNetApp cloud storage services
Storage-as-a-service

NetApp BlueXP
Unified hybrid multicloud storage management and data services

]l aws | ... | m-

Private Cloud/Datacenter

~

2

\J
-

A
=

o

_
N

oIr

GREZL AZtel 0tZ2ol QIX| 7|52 RUSI=E 3= AFE et ZorLICh Al JHE A= AREHE

SOH0] Attt FARSHALE W FO LA o2 EXIE LU SHEZLICE B 219 3 HA 2{d2 A9 519
ClL|ct %2 30t HIZL A @7AretS X[J5H7| f/6 Al ML & DL§ HE o MEStD ASLIC R 7K

e B 2=


https://airflow.apache.org
https://airflow.apache.org
https://airflow.apache.org
https://airflow.apache.org
https://airflow.apache.org
https://www.kubeflow.org

FMAIZHS FEYIAZEN =1

HH AFE J|50| LRBILICE M2t GPUS| BE M2| 7|50l HE
CPUELH &M FHo{Lt7| 20| Al ZF 2

=
ddsh= ol GPUZL HE O B0l AHEE[2 LT

e 4
mo Ha

ZE|olH

ZEO|H= 3/ 2AE 2F AH 7HE oM HAEl= A2 E AR S2h AABA LT ZAE|0[L AEHO] = A|
S7tot ASLIC HE|O|H = Zhe M (VM)O| HSdt= 2t S2 et o Z 2| 0] HEEA(sandbox)2| B2
O|FE MIELICt SHX|ZE VMO| AtE3H= StO|THHIO| X 8 AIAE 2F HA| AIS0| §lo&7| iZof ZE|olH= &M
O ZtE&LICh L2 0= 7he A[A- 2 ZE|0[HE Eof FLIC.

Lot AE|O|HE ALESHH S 2A|0|E &Y, £ A2t SS oiS2|A0| 80t 2 H e EXo= 17| P +
UAGLICH 7tE LEH O 2 A | = ZIH|0| IH7 | HAI2 Docker ZIH|O|LA RILICt. Docker ZIE|O|L] &4
ZE|o|L=tEl OHE2(7|0]442 Docker ZIE|O|HE HAY
ZAE| o[ XtAloff THF|X|E[0f RL7| TE0| & T2
LHE2 E TESHMAIR "Docker & ALO|E",

o
=

2 Qe BE AIAHON AYE 2 ASLICE BE FA 0|
S2400] ZEE(O] gl ZP0IE OHZPXIILICE XpAEt

Application A Application B

Application A

Application B

Guest Operating System Guest Operating System
Dependencies

Host Operating System Host Operating System

Physical Infrastructure

Physical Infrastructure

Vitual Machines (VMs) Containers
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A Snapshot copy records only changes to the active file
system since the last Snapshot copy.
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Traditional Copy FlexClone Copy

Original Original

FlexClone copies share data blocks with their parents, consuming no
storage except what is required for metadata.
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AlPod". BHAI=0f| CHEE XEM[SH LIE2 2 HZSHY AL "Astra Trident =A1".

1. NetApp2 AlPod0| il FlexGroup X Trident HAIEE MMet 218 HEELICH
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7tX| 7|2 Hlo| 2& RYS K[AYLICL FlexVol 22| 37|= HMBt=(0] JSLICHO| M7| = Al 2|C) 37| =
EX F=0f w2t CHE). #HH FlexGroup 252 (i 20PB % 489 7 IHU7IX| MY Moo= &g 4 ooz
ClolE 2t2|E A ZtAest= ThY HIJAHO|A S MIZELIC 2t FlexGroup =E2 CHES| HIO|HE
Ar838t= Al Y ML QI3 2 0] XX SHE|0] U&LICE.
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$ cat << EOF > ./trident-backend-aipod-flexgroups-ifacel.json
{

"version": 1,

"storageDriverName": "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 ./trident-backend-aipod-flexgroups-
ifacel.json -n trident

o o
e et e it fom - +

| NAME | STORAGE DRIVER | UUID
| STATE | VOLUMES |

o o
e tom pom - +

| aipod-flexgroups-ifacel | ontap-nas-flexgroup | b74cbddb-e0b8-40b7-

b263-b6dabdecObdd | online | 0 |

fessmesesmess e e soss=a== fresssssesmess o= ===
fes==s=ssssscscscssossssssssssssss=sa== femem==== foms=m==== ¥

$ tridentctl get backend -n trident

femsmesesess e e soss=a== fresssesmemese o= ===
fesssssssssscsesessosssassssassssasmaaa femmm==== fommsm==a= 4

| NAME | STORAGE DRIVER | UUID
| STATE | VOLUMES |

fesssssssscsssescasossas= femsssssssessssosasaa=

i e S from e T 4

| aipod-flexgroups-ifacel | ontap-nas-flexgroup | b74cbddb-e0b8-40b7-
b263-b6dabdecObdd | online | 0 |

EESH NetApp2 FlexVol X[ Trident HAIEE =l
=8, C[HO HE 52 2l FlexVol 282 M8 £
X| @ Trident HA=E ‘MMl joF SrL|Ct CHE B&E2| of

= —

A2 HEBLICHL F7 S8 o203 SAE At I
UELICL. FlexVol 2 &2 At25t2{H oLt 0| A2| FlexVol
= Y FlexVol X| & Trident BAl=9| MM S HOFL|LC.



$ cat << EOF >
{
iy

"storageDriverName":

"version":
"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
fmm e ————————— e ———————
o - e
| NAME | STORAGE DRIVER
| STATE | VOLUMES |
fmm fmm
Tt it S ittt
| aipod-flexvols | ontap-nas
52a690657fabe | online | 0 |
e e
fo———— +———
$ tridentctl get backend -n trident
e e
fo——— +———
| NAME | STORAGE DRIVER
| STATE | VOLUMES |
o o
i e
| aipod-flexvols | ontap-nas
52a69657fabe | online | 0 |
| aipod-flexgroups-ifacel | ontap-nas-flexgroup
bo6daocdecObdd | online | 0 |
o fom
ittt S ittt

NetApp AlPod =2

Astra TridentS AF23t0{ Kubernetes 22{AE LHHIM AEZ|X| 2
HX| StLE 0|M0| Kubernetes StorageClasses&
OLS A 9l = [}oks}

LIEFHLICE "NetApp AlPod". StorageCIassesOH EH‘PJ XHﬂ‘PJ e g

T =H| XN 'doteH

Oixl= oM O] ERM2 71 R4S HIEY Of

./trident-backend-aipod-flexvols.json

./trident-backend-aipod-flexvols.json -n

UUID

————————— +
52bdb3b1-13a5-4513-a9%cl-

UUID

————————— +
52bdb3b1-13a5-4513-a9cl-

b74cbddb-e0b8-40b7-b263~-

2|3t Kubernetes StorageClasses O

AAZ =XMOR
= A4Ad3iof BfLICt Ch

= OO

e

R¥ 9| StorageClassesS
MA@ "Astra
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Trident 2A{".
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NetApp2 MM0f| A M5t FlexGroup X Trident B =0]| CHSt StorageClassE Mde A4S #HERLICH

"NetApp AlPod #22 2|t Astra Trident BHAI=0] Off", 1EHA|. CFS Of| K| HEES MMOf|A THE = Of| x| Al =of

S =St= 02] StorageClassesE THE= WHE HO| FL|CH "NetApp AlPod #352 2|ef Astra Trident B{l=2
of]", EtA| 1 - 2 Z83= thA| "RDMA AHo| NFS" 2|1 JIHX| e A.

G 2E2 Y PersistentVolumeClaim(PVC)0| AfH| =[O = AH|=[X| = ZF CtZ 00| M= "Retain"2]
"reclaimPolicy" 2{S AR ELICH "H7 A WEoj| chet XtMist 82 34 8 FZESHYAIR "Kubernetes &A1

%t 11: CH2 of|X| StorageClasses= Z|CH T4 37|01 2621445 AL EIL|CE O] X[t & 3 7|E AF2SHE{H 10|
2t ONTAP A|ABIOIA X|CH & 37|E 748 0F BLICH S EXSHYAR "ONTAP EEA" & EXSIHMAIL.

ro

A1 RDMAE E3l NFSE AHE2812{™ ONTAP A|AEIO|A NFS over RDMAE FAISHOF SHL|C} XbA|SH LE
ONTAP documentation 213 Z AXSIAA|Q.

£ 1: CHS A0l A StorageClass M| It 9| StoragePool Z=0f| EX A= It X ™= X| LUSLICEH


https://docs.netapp.com/us-en/trident/index.html
https://docs.netapp.com/us-en/trident/index.html
https://docs.netapp.com/us-en/trident/index.html
https://docs.netapp.com/us-en/ontap/nfs-rdma/
https://docs.netapp.com/us-en/ontap/nfs-rdma/
https://docs.netapp.com/us-en/ontap/nfs-rdma/
https://kubernetes.io/docs/concepts/storage/storage-classes/
https://kubernetes.io/docs/concepts/storage/storage-classes/
https://kubernetes.io/docs/concepts/storage/storage-classes/
https://docs.netapp.com/us-en/ontap/nfs-admin/nfsv3-nfsv4-performance-tcp-transfer-size-concept.html
https://docs.netapp.com/us-en/ontap/nfs-admin/nfsv3-nfsv4-performance-tcp-transfer-size-concept.html
https://docs.netapp.com/us-en/ontap/nfs-admin/nfsv3-nfsv4-performance-tcp-transfer-size-concept.html
https://docs.netapp.com/us-en/ontap/nfs-rdma/

$ 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

2. ESH M0 M MMt FlexVol X|# Trident #AIZ 0]l S St= StorageClassE “445h= 20| Z2&LICH "AlPod
T5E ¢let Astra Trident BiI=2] of", 2EHA|. CHE EEH 0|0l M= FlexVol 2&01 CHgt £HY StorageClassE
dHst= A2 B FLCL

H AT X K| EpSLICE.
A Trident= 2 AF23t= AL 7153t

—

£ CHS of|M|0ll A StorageClass M2 I 2| StoragePool ZE0| £
KubernetesE AF25t04 0| StorageClassE Al23st0] 288 2t2[dt=
A= E AFELILICH ontap-nas EE0|H.



$ 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
Kubeflow

Kubeflow 7+

0| MIMOJ|M = Kubernetes 22{AE{0]| KubeflowE F#=5617| £6H 2tF 8l 0F t= ZHH0f| CHaH

HAEELICE
T4 24 92

2
KofE X A5S +&oty| Hoj o|0] CHE AUS YLD 7HF L.

1. 0|0] 2}F £2l Kubernetes 22{AE 7} AYCH, 2F5t2{= Kubeflow HHT 0| A X|&l5t= Kubernetes HHM 2
*'°”0f_’ 'ﬁ'—l Ct. X| ¥ &= Kubernetes & 58 Ol M Kubeflow 0| CHEE S5 S HZSIHYAIL
"Kubeflow 241 2",

2. Kubernetes 22| AE{0| NetApp Astra TridentE 0|0 &X|5t1 L HUELICE Astra Trident0ll CHEE XiA| e
LHE2 £ &ZsHMAIR "Astra Trident A"

7|2 Kubernetes StorageClassS A& sfL|C}

KubeflowE #&517| M0f| Kubernetes 22{AE] LH0|| 7|2 StorageClassE X &st= A0 Z&LICH Kubeflow 715
T2 MNANM 7|2 StorageClassE AHESI M| 7 2 & ZEH| XIS A= & JESLICEH 7|2 StorageClass 2
X|™ &l StorageClass 7t $1OH H{ZZ 7} Alojgt 4 S?ié'—l'if 22{AE LHO|M 7|2 StorageClassE X|H5t2{H b E
I SAENM CHS EE 2 SHLICH 22{AH LHO|A 7|2 StorageClassE 00| X| &%t ZR0i= 0] THAIE

A= 2~ AL

1. 7|Z StorageClasses & SILtE 7|2 StorageClassZ X|AELICt CHS H& of|ofl A= 0|£0| Q! StorageClass
£ X|HYELICt ontap-ai-flexvols-retain 7|& StorageClassZ A2 EL|LCE.
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https://www.kubeflow.org/docs/releases/
https://www.kubeflow.org/docs/releases/
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https://docs.netapp.com/us-en/trident/index.html
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ONTAP-NAS-Flexgroup Trident HHAIE @82 PVC 37|7t 01 SLICt 72X 22 Kubeflows=
()  =717t% GBI PVCE m2H|xd5t2 1 AIZSLICE Tf2hA Kubeflow ?%%; % 8 "ONTAP-NAS-
flexgroup" BAIE @82 7|= StorageClassZ Al26t= StorageClass=S X E 4= ¢&LICH

$ 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
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https://www.deploykf.org
https://www.deploykf.org
https://www.deploykf.org
https://www.kubeflow.org/docs/components/notebooks/
https://www.kubeflow.org/docs/components/notebooks/
https://www.kubeflow.org/docs/components/notebooks/
https://www.kubeflow.org/docs/components/notebooks/
https://www.kubeflow.org/docs/components/notebooks/
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Git
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I EZL 0| - Kubeflow 5! NetApp DataOps E32 AE35t0] 0|0|X| Q1A BEIS SHETHL|CH
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S IO 2t El THAIE B RLICE 0 £210|E2] X2 NetApp AEZ|X|E St W
—.*?:12 Ho{F&= ol LCt.
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https://github.com/NetApp/netapp-dataops-toolkit/tree/main/netapp_dataops_k8s/Examples/Kubeflow

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"]

2
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Experiments * MNIST Train Pipeline
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P tear] i - B

« Experiment details B OELETE
Objective

Mame

Type
Goa! L]

& Katlb Additional metrics Tiain-accuiney
Trials

Max talled inals 3
Max trials

Pasallel trials

Parameters

I Parameter type: double hin: 0,0 Max: 0,03
um-layers Parameter typezint e 1 Ma: 64
optimizer Parameter type: categorical =g, adam, firl
Algorithm

MName grid

Metrics collector

Collector type File
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1. Kubernetes 22{AE 20| o|0| T ZIL|C.

?%

2. Kubernetes 22{AE{0f| NetApp Astra TridentE 0|0] MX|st1 2 MM ELICE Astra TridentOll CHSE XHAf|5t

LHE2 £ &SI AR "Astra Trident 2 A"

Mo Hx|E XLt

Kubernetes®| /& 7| X| O{L| X2l HelmE A%t 37| SEE #HRYLICL 37| SES HIX[SH7| TOf| HHE HZ&
SAEO0| HelmS MX|s{{of BfL|Ct HHE MI SAEQ| Helm2 MX|st2{H o cqgwqg "MK K| E" ZA Helm
=M.

7|2 Kubernetes StorageClassZ H&stL|C}

37| BE8 F=517| Hof| Kubernetes 22{AE| LHO|A 7|2 StorageClassE X|&sl0F EL|Ct. Airflow H{ZE
T2 N AL 7|2 StorageClassE AFE3I0] M H 252 T2H|HYS A|TELICE 7|& StorageClassZ XM E
StorageClass7} 91O I} MIystL|Ct S2{AE L{ol|M 7|2 StorageCIassE X|dste{H off dHE XS
CHELICH "Kubeflow =" MM S EERSHUA| Q. 22{AE LHO|A 7|2 StorageClassE 0|0] X| At ZL0f= 0]
CHAIE ZHE = JASLICL

L.

HelmS A83t0 37| S5 THSIHAIR

Helm= AtE5t0 Kubernetes 2{AE0| 7| S &S B0 H HIE HIE S AEN| M CHS HYS +ASHUAL.

1. 0f 2t AECZE Z7| SES HINSHIAIR "HIZ X|E]" Artifact Hub2| 34 37| S5 SHILICH OIS H o=
HelmE A%t 37| SE9| HiXIE EFLIC} 2tF1t fot= 7ol o2t B0 met 'custom-values.yAML'
orAo|M gf2 =8, 7t /= HAELICE

$ cat << EOF > custom-values.yaml
FHAHH S A H A
# Airflow - Common Configs
FHAFH A H SRS F SRR AAS RS SHHS
airflow:
## the airflow executor type to use
#4
executor: "CeleryExecutor"
## environment variables for the web/scheduler/worker Pods (for
airflow configs)
##
#
FHASH A H AR
# Airflow - WebUI Configs
FHAFHHEHHH AR A AR F AR S
web:
## configs for the Service of the web Pods
#4

service:
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type: NodePort
FHAFH A H A
# Airflow - Logs Configs
iigdstassiasatdaaaEE AR EEEEEEEE
logs:
persistence:
enabled: true
FHAFH A A
# Airflow - DAGs Configs
FHA#H A H A
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/

##

## 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
##
sshSecret: "airflow-ssh-git-secret”

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

##

## NOTE:

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

sshSecretKey: id rsa

## the git sync interval in seconds

#4

syncWait: 60
EQOF
S 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:
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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
jsonpath="{.items[0].status.addresses[0] .address}")

echo http://$NODE_IP:$SNODE_PORT/
2. Open Airflow in your web browser

2. BE 37| SE ZEJH Y FIX| &ARIBILICH 2 E PodE Al&St= O R 2 Hx ZE o+ ASLICHL

$ kubectl -n airflow get pod

NAME READY STATUS RESTARTS AGE
airflow-flower-b5656d44f-h8qgjk 1/1 Running 0 2h
airflow-postgresqgl-0 1/1 Running 0 2h
airflow-redis-master-0 1/1 Running 0 2h
airflow-scheduler-9d95fcdf9-clfib 2/2 Running 2 2h
airflow-web-59¢c94db9c5-z7rg4 1/1 Running 0 2h
airflow-worker-0 2/2 Running 2 2h

3. 1Ef74|01I*1 Mo FXIE AESIH 7| SES HIEY
dSLICt.

T

£0f M E XEo| w2t 37| & & MH|A URLE

$ export NODE PORT=S$ (kubectl get --namespace airflow -o
Jjsonpath="{.spec.ports[0] .nodePort}" services airflow-web)
$ export NODE IP=$ (kubectl get nodes --namespace airflow -o
jsonpath="{.items[0].status.addresses[0] .address}")

$ echo http://$NODE_IP:$NODE PORT/

4. Airflow & MH| A0 HAMATE 4= QU=X| gQlgtL|Ct.

=
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S B oloM = 2= 0|B9 282 WQ'.: HHHS HO] ELICtpb fg all. PVCO| CHEH XEA[SH LHER
ZOIMAIR "Kubernetes 341 EA". 28 7t 27| 7|50 CHet XEAISt LIE2 & RIS AL "Trident & A",

o|&l PVC 24 It 0f|= 'ReadOnlyMany’2| 'accessModes' Zt0| X|HE|0] QAELICE 'accessMode' Z =0f| CHst
XiMlet 82 E HESHYA|R "Kubernetes S41 F A",

$ 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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- -

——_—_——— R R it +

$ 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

M E28S Z=H| N et

ot
4>
;O

TridentS AF23t0{ NetApp 2E2|X| A|AH”] Io= SAHEUNM M =ES Z=H|Xd l&LCt.

kubectl2 AI25I0] M 282 T2H|NIELICt
Cte A o= kubectl AF2$H M FlexVol 282 Z2H|XMY S H0{ FLIC}.

CtS PVC M2l I ofl= ReadWriteMany 2| accessModes 210 X|H&[0] UYELICE 'accessMode' Z=0f| CHSH
ATt LHE 2 E B ESHYA|R "Kubernetes 541 ZA{".

$ 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
EOF
$ 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-7d9f1l
10995116277760 ROX ontap-ai-flexgroups-retain-ifacel 26h
tensorflow-results Bound default-tensorflow-results-
2£de60 1073741824 RWX ontap-ai-flexvols-retain

25h

25


https://kubernetes.io/docs/concepts/storage/persistent-volumes/
https://kubernetes.io/docs/concepts/storage/persistent-volumes/
https://kubernetes.io/docs/concepts/storage/persistent-volumes/
https://kubernetes.io/docs/concepts/storage/persistent-volumes/
https://kubernetes.io/docs/concepts/storage/persistent-volumes/

NetApp DataOps E32/2 AE30] M| &2 T2H| X JgL|Ct

EESE Kubernetes& NetApp DataOps =ZlS AHE5H0] NetApp AEE[X| A| AR L= EHEOM M EES
T Z2H|XYE 4= JAELICEH Kubernetes2 NetApp DataOps E3I2 TridentE 8510 282 T 2H| X StX| 2t
AEXt TENAE 7EASIEILICE S HESHUAR "EAS} B BERSIHAIL.

AlPod 712 2ot 1 M= 29| o
CHl LLE Al Y32 E Al

Kubernetes 2E{AEOAM T == Al Y ML 2 S AMSiSiE{H X M T SAEN|M CHS
A2 LHSHUAIL. TridentE AFE2SHH HIEHIO|EOf| 0|2 £ = HIO|H S ES W21 A
0t=S0{ Kubernetes Y/ 20| AM|AT & JAESL|CH Kubernetes Pod0i| A H[O|E ZE0|
MMAT 2~ JEF 5t2{H POD Ho|ol PVCE X|™5t7| Tt 5HH ElLICE,

@ 0] MMOj|M = Kubernetes S2{AE{0f| A AlgHste
ZiE| 0|42k (Docker ZAE|O|L] HANMCH D ZHfL|Ct.

1. [+ ¥ ofl= ImageNet H|O|Ef NIEE AF23H= TensorFlow HIX|0t3 |32 =0 CHSE Kubernetes %Y
MM E HO{ELICt ImageNet H|O| E *1IEOH CHot XpMISH LB 2 E BRI AIR "ImageNet 2 ALO|E",
O] lA| ZHH2 872 GPUE QHESIEZ 87l 0|42 GPUS Zt&E T GPU ZUXt =0 M Asliet 4 U&L|CH
O] lA| ZH2 87l O| &S| GPUE &= X} L ETF Q7L ¥ CHE J_ ECE ME 3¢ S AH HE
2 UELICE 0| 2R ST AAXt LEE ALY = US WX A2 ER T é!EHE SXIELC
St AEE[X| CHEZEE Z[CH2tStY| /o] B2t s HI0|E7 S0 = 80| 0] 2ol MdEl= POD Lo
& HOREELICE ZEOE CHE SE0| f-?E:!L—lﬁf. O] & Hmj 2E2 ZAxt U HEZS MESIH= o
A ELICE o|2{$t 8 M2 PVC 0|2 AHE5I0] & Mol A EZELICH Kubernetes 20l CHSE XpA|| B
HE2 £ HZEHUAIR "Kubernetes 341 2 A",

O| Of|A| ZtH0| MMSH= EE=2| /dev/shm0i| Memory2| midium gf2 7}+%l emptyDir 2&0| A& EICH Docker
ZiE|o| 1 2EIRIS B8l XI5 22 MME|= /devishm' 7t 289| 7|E 37| TensorFlow?| 27 Atatof| H|sH
SEY £ JELICL CHS oAt 20| "emptyDir" %%2 OFREstH 23| 2 "/devishm" 7t4 2&0|
HZEILICE 'emptyDir' 2801 CHEE XEMSH LI 2 £ & TSHUA|R "Kubernetes =241 2 A(",

O] o | = Holof| X|™ =l = ZE| 0|0 = 'ecurityContext > privileged' 2£0] 'true’ 2 X|IFELICE O] g2
0|7t SAEM Cfot RE °ﬁ”*1|* HotE SUHOE JiX| 1 USE 9|O0|LICt 0| B2 ML= EF
HIZC0 RE HMATH HRSIDE O] FM0| AABELICEH §9|, YIZEET HSH= ot IHA| = ?:101|*‘|
FE dMATL HQSIL|CL O] "ER" 40| QK| o= A F0l EF IZE9| @+ At w2t
E.I'El.IlL_lEI-

= [=] .

$ cat << EOF > ./netapp-tensorflow-single-imagenet.yaml
apiVersion: batch/vl
kind: Job
metadata:
name: netapp-tensorflow-single-imagenet
spec:
backoffLimit: 5
template:
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2. 1A ol A Bt

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-iface2
- 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"”, "--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
EOF
$ kubectl create -f ./netapp-tensorflow-single-imagenet.yaml
job.batch/netapp-tensorflow-single-imagenet created
$ kubectl get Jjobs
NAME COMPLETIONS DURATION AGE
netapp-tensorflow-single-imagenet 0/1 24s 24s

£ 0| SHIZA 28 SelX| = E. LICE ChS B3 dlofM= 2Hed Folofl XIEE = ZHol| CHal
the! POD7t H-EE[I2H O PODZL X GPU YAt = & StLtofA k|0 QS-S SfelgtLct.

AN =
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$ kubectl get pods -o wide

NAME

RESTARTS AGE

IP NODE NOMINATED NODE
netapp-tensorflow-single-imagenet-m7x92

3m 10.233.68.61 10.61.218.154 <none>

3. 1EHAO|l M H-d3t 0] §SHo = AREU=X| eQletct. 2 B
C

28

READY STATUS

1/1 Running
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$ 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

MEH Abeh: * 2] OtE|HE 2|, L= oA B2 1HA 0N 2HE 2 QEME| AX|E 2o FLCt

Xt TN E AA|SHH KubernetesOlA| HZEl ZEE XSO 2 AMK|EHL|CH.
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$ 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 1lm

$ 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.
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https://kubernetes.io/docs/concepts/workloads/controllers/deployment/
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Kubernetes 2 1M 2 AFE5H0 &= A2 ENLSIX| (ELICH ZAXIL 2XHM t2E| =2 A 7Lt
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HYE B2 AY FEES M-S0 HYRIE HiESHE 0| Y+~ ASLIT.

o] of|&| BHE At2kofl X|HEl PODO| "true"2| "hostNetwork" 2}0| HIZELIC}. 0] Z+2 0| Pod7t YHIHMO 2
KubernetesO|A| 2t PodOfl 445H= 714 HIEYZ ABH CHA SAE XIAX L 29| HEYZ ARS ALESICH=E
Zg olo|gtL|Ct. 0] 2R EX YIZE= 8E MPI, NCCL & HorovodE E8ll S7|4 At diAlOZ
YIAZEE MG EEH+01I 0| =M0| ArRE'LIEr 2t SAE HEYZ AEM0]| HMASHOF BHLICEH S7H MPI
NCCL %! Horovod0i| CHSt =2|= O] EAQ| H|E HO{ELIC. O "hostNetwork: true" FA10| ZRotX| HE =
Al Fol EH /I 29| @ AFetof| w2t E2tRL|CE hostNetwork T E0f| CHot XM LIE2 £

A ZSHMA| 2 "Kubernetes =4 2A{".

$ 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-iface2
- name: results
persistentVolumeClaim:
claimName: tensorflow-results
containers:
- name: netapp-tensorflow-py2
image: netapp/tensorflow-py2:19.03.0
command: ["bash", "/netapp/scripts/start-slave-multi.sh",
"22122"]
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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
EQOF
$ 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

1AM 2HE ZHUXF IR S H O 2 AIMEIU}=X] 2AQIRILICE THE O|F B2 HHE Foof Liet A=
AXE the 2K POD7ZLEIEE L2 HEEIACH 0| PODZt ¢xlf GPU A YA .= & StLof| A ek
o

ASE =IFLCt

$ 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

S7| LE & Ao S =, &0 8l FHsh= DFAHO| Tie Kubernetes 2t S & etLICH LS BE
Oflof M= Of MMof ofm|of| M T L E0fA A E At S TensorFlow HIX|OFS ZHQ] S7|4 24t HAHS
o

AlZf, 0] 8 XS StLES| OIAHE MERlLDh "He =E Al IS 25 A,

0| DRAE| ZHIO A= 87H0] GPUS QMBI 87 0|49 GPUS 22 £r GPU ARt S oA Algst &
QeLICE GPU ZIRt iS0A 874 0|40 GPUE AFEet0d A58 Srhstet 29, 0l %
GPU 49 27| 52|17 418 4 &Lt

O| olof| A X|™ et OfAE] ZE= 1HHANIAM ZHHXH EET} hostNetwork 20| true@! ZAX 3 trueQ| hostNetwork
240l XI™MEILICE O] gfo| LTt o| R0 CHSH RbAM|TH LIE2 1EHAIE HZSHUAIL.



$ cat <<
apiVersi
kind: Jo
metadata
name:
spec:
backof
templa
spec
ho

vO

CO

dataset
num devi

nodes=10

re

EOF > ./netapp-tensorflow-multi-imagenet-master.yaml

on: batch/vl
b
netapp-tensorflow-multi-imagenet-master

flimit: 5

te:

stNetwork: true
lumes:

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
ntainers:
name: netapp-tensorflow-py?2
image: netapp/tensorflow-py2:19.03.0

command: ["python", "/netapp/scripts/run.py", "--
dir=/mnt/mount O/dataset/imagenet", "--port=22122",
ces=16", "--dgx version=dgxl", "--
.61.218.152,10.61.218.154"]
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?
- mountPath: /tmp

name: results
securityContext:

privileged: true
startPolicy: Never

n
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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

2 e golof Lok /l=
E Z otLtollM e
AR LEQf XX ZEJ}

$ 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>

- = r) O OO =

S. 3EHA0M 2H=E OrAE] 20| YIS M= te =] 2fASLICL LS HE oo M= 20| 43Xz
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$ kubectl get Jjobs

NAME COMPLETIONS DURATION AGE
netapp-tensorflow-multi-imagenet-master 1/1 5m50s 9ml18s
$ 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=s=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 0O/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 fplé rl0 m2 nockpt.txt 2>&l

- A BIETH O| & EROIX| Gt ™ ARISLICE LIS OfIK| B2 1THA[0A BHE ZHHXL BIE JHH|E AHISH=
YIS 2o FLIC

o

XL HIZE JHAIE AH[SHH KubernetesOll A HZEl ZHHX ZES XS 2 AMH|eLCt.
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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
RESTARTS AGE
netapp-tensorflow-multi-imagenet-master-ppwwj 0/1

18m

STATUS

Completed 0

7. MEH ARG * OFAE] 2 OFE|HES FE[SHYAIR. CHS oA SH2 3EHA0M 2HE DFAE] 2] QENE Q|
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$ kubectl get jobs

NAME COMPLETIONS
netapp-tensorflow-multi-imagenet-master 1/1

$ kubectl get pods

NAME READY
RESTARTS AGE

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

19m

DURATION AGE
5m50s 19m
STATUS

Completed 0

$ 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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