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* "Apache Airflow"

» "Kubeflow"

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

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

NetApp BlueXP
Unified hybrid multicloud storage management and data services
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Dependencies Dependencies
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Guest Operating System Guest 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 Shapshot 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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Apache Airflow Helm[BlZ 8.0.8

Kubeflow 1.7 ~ FEBEPE "deploykF" 0.1.1.
Kubernetes 1.26
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LT e EHEERA AlPod FEFERMEES (SVYM ) EIIENUE FlexGroup B9 Trident Backend ° b8 i
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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 |

2. NetApp tiE:ZEEILEUE FlexVol BY Trident & o KA AERBZEFEF FlexVol Volume JREEEIFEFEFTE
R HEEER - B - EEENE - MRETEEFAFlexVol MERARZE] ~ BXNERI—EHZEFlexVol
R TIHEERZ] B TERAZ) Bif o UTHAIGSENEILE—RA FlexVol B Trident i o



$ 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 AlPod ZfZEH Kubernetes StorageClasses i

1EABS I —(E5 %@ Kubernetes StorageClasses 7 BEf# A Astra Trident 7£
Kubernetes e BIREFCEEEEIR o NIEAIRRGIELIBBULAR S ZTHE ~ I8
FAEE R MARFELER StorageClasses "NetApp AlPod" o #1Z&EStorageClassHIsF4AE A
sH52F "Astra Trident>X 4" o
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https://docs.netapp.com/us-en/netapp-solutions/ai/aipod_nv_intro.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/trident/index.html
https://docs.netapp.com/us-en/trident/index.html
https://docs.netapp.com/us-en/trident/index.html

1. NetApp &4 CIEAEIREIIMEA FlexGroup BY Trident Backend 237 StorageClass "NetApp AlPod &
ZH Astra Trident BiRE0H" T ER1. 2 EAVR L HAFIREREIL ZE StorageClasses ~ ELEfEFIRRIHENR A
BRI MM EEE I8 0% "NetApp AlPod SFZRY Astra Trident ZimEH"SE 1 & - FIFARPER "NFS over
RDMA" A& °

[ ItE & i R ¥ FERY PersistentVolume Claim (PVc) B ~ REMIBRFEIREE « LU TEFIER TelUkER ]
B MR - WE TEUREER) BAIAEEAE - s581EE S "Kubernetes X" o

ik : T%! StorageClasses #ifI{ERRVFEE AN LRA 262144 - EEFHBILRAGEEHE A/ « KA EERE
HI7E ONTAP R4 LR ERAEH A/ o FFRE "4 SHE ONTAP" MBS FHHEE KL ©

AR EEFEB RDMA EH NFS ~ fE47E7E ONTAP R4 L& EFEE RDMA BY NFS o tNEEsHHE ~ 55
28] ( https://docs.netapp.com/us-en/ontap/nfs-rdma/[ONTAP » X o

MizE : FTE B « StorageClass E&EIEZRM storagePool I PRIEEFFERIEIL
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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://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-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-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. NetAppth & 7 BRI AR E LA B B FlexVolIhAER Tridentf® imAE ¥ FEAY StorageClass "AlPod ZE
9 Astra Trident B iREHI"FER2 | AT ap< #FIREREILFlexVol BE—StorageClass for the & BE o

MizE : £ F5IEHIH - StorageClass EEHIEZER storagePool I RISEIFEN RN o SIEEER

Kubernetes 2R EIZ{H AL StorageClass BHEEERERF « Trident @ E S FERE A ABNEIR ontap-nas 5B
) E=a W
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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
Kubeflow
KubeflowZ[ =

KEIERBBTEKuUbernetess& &P EfEKubeflowkf ~ WABFERBI TIE ©

SRR
ERITAEFAARAIEIESRE 2 A1 ~ HPIRBREELHIT I IE !
1. BB LE—EZEEFH Kubernetes 5 « MARETEHITH Kubernetes lRASZEIEEZFER) Kubeflow i
KEIZIE - M Z1EM Kubernetes HRABEE ~ 552 EH Kubeflow KR ZABIABARIE "B 75 Kubeflow 324" o
2. R 7% Kubernetes &I ETF NetApp Astra Trident ° U1ZE Astra Trident BIsFAHE N ~ 520
"Astra TridentS 4" o

5 E FEz%Kubernetes StorageClass

7EIEEBE Kubeflow Z#i ~ BiEIKE Kubernetes S5 15 E AR StorageClass © Kubeflow ZPEFZFRIAEEE
FH{EFTER StorageClass KRECEFMBVFHEMIRE © WK StorageClass I5E 4 TEaR StorageClass ~ HIJEE
AIREE R - EEERENIEE AR StorageClass ~ AU EBEBREMIAIT I IIE - MRCEERERNIEETE
5% StorageClass ~ AIIBT A BKAIE BF o

1. BIRBME P —EStorageClassiEE & TBs& StorageClass ° & EAAr < S FIRETRISER StorageClass %78
ontap-ai-flexvols-retain ZTEs% StorageClass °

l'ontap-non-flexgroupl Trident& in$EEAVER/\PVCRTHEE K © RIFTER - KubeflowE E D
(D) EANRBHCBAIPVCS At ~ LRAEIEA TONTAP-NAAS-Flexgroup) & H41EE)
BIStorageClass&E & KubefflowZiZ Y F85& StorageClass ©
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https://www.kubeflow.org/docs/releases/
https://www.kubeflow.org/docs/releases/
https://www.kubeflow.org/docs/releases/
https://www.kubeflow.org/docs/releases/
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/trident/index.html
https://docs.netapp.com/us-en/trident/index.html

$ 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 ZfZE IR

ZRE Kubeflow BsFZARERVEEIE o ;52 F "E AKubeflow X 4" MEFBIEIEFE - FRERESEERNE
Ig o

@ A7 RSB « TPIEHSPE Kubeflow 1.7 "deploykF" 0.1.1 ©
Kubeflow{EZEEA T {6

AHERB 2K EASRHJupyterEL B ERTFE

KubeflowSESTIRZRECE FTEYJupyterEsC Y B EAR2S ~ MABERRIZBR T EZR - 1
FTKubeflow A Jupyter NotebooksBIEFAAE N ~ 552 [ "E 5 KubeflowSZ 4" o
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https://www.kubeflow.org/docs/started/installing-kubeflow/
https://www.kubeflow.org/docs/started/installing-kubeflow/
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/
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/

P tewr jomni v [—s

Notebooks
@ Motobooks
= Filler @
@ " i
] LI |
] f L |

f§£F3 NetApp DataOps Toolkit $2#C Kubeflow

o "EMAIKubernetesfINetApp Datafl 22 T EEH" AJEKubeflowaHECEMA © 15
AicKubeflowf#FNetApp Dataf} 2 T AEMH AR T/ -

* BERRIBRETLERNR Jupyter Notebook ITEREHY NetApp BERHEIRIFE « HIMNEILIRIRFIEZS o

* #ETE NetApp BRI EIRIESR (FINERSIIRFARIHEA) BILUER Kubeflow Pipelines EABE AT EBL TR
2 o

#H2[ "Kubeflow#E " NetApp Dataf 2 T AEHGitHubfEFERA—EI « s+4H5R BN AIHEECKubeflowfE A LLE
THR#-

& TEA2 © £ Kubeflow 1 NetApp DataOps Toolkit 3I|48 S (R ia s 1Y

AEiERBAER Kubeflow 1 NetApp DataOps T EE 424G K B2 A f R R AL
T KRBT R o EB—(EEEH « BTERTES NetApp EFREREIRIIE o

FoRIFM

ERMERAEREIE—1E Dockerfile ~ LU Kubeflow E&HAYENARFDRI L B o
LT 2—1@ Dockerfile Y& :
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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"]

REHWERME « LEPITEXMENFAENERRENEN - £ BBEEXZH - BABREELE
— BB Kubefflow ZE o

f£/A PyTorch #1 Kubeflow Pipelines 3/l4R—%&8/\2Y NN on MIST Data

BAFIER/ NSRRI EEHIZREIAR MIST B - MIST BiIEEH 0-9 UBMNFRLAMEN o FBEK/% 28x28
&= - EXIED A 60 + 000 EIBRRZ A 10 ~ 000 EEREF A o ILBRERNVHEFERE 2 BEEER © 5
#REERA Kubeflow Pipelines 8117 {52 RXMH "FHEE" UEUSESHH o IR Kubeflow EEEART Ik
R BERPRSAISHERR o

Experiments * MNIST Train Pipeline

< ® mnist pipeline 2024-04-03 15-57-35

Graph Run output Config
mnist_train_op @
rJ
dataset-snapshot & mnist_test op '&

{&F3 Tensorboard HRE&{L45R
—BEBILIBAR ~ FAPIFL AT LUER Tensorboard i#45RFE1E o "Tensorboard" RJ7E Kubeflow &&RR _E1EA
INREERR o SR AT RN BETHESEAE IBR o LU SRfIEE 3| 4R 2 Fe R ER A 48 [3] P BAAD ) | 45k 48 5k E2 B A

o
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https://www.tensorflow.org/tensorboard

TOrEHMOMT]  Blaley  saE) e uba) T S RS -

£/ Katib £/ Hyperparameters

"Katib" ;& Kubeflow ARY—IAT A « sTANERRUE2H - EERUEER  FAERMENER/ BE - 58
FRASRERE —BERTEE  FEELNEZEANESH (RECS/BBXR/ERH) - Katib FEAE
REEENERTESERER - LILLNEMBEENRESHES - EOIUE U WEEERPERELES
o HE MR LIERSERRERESR * YAML* 1558 © LT 2 Katib BEZRIEIS) :

e IR T S ED

« Experiment details B OELETE
Objective
Name Wahdaton-accurocy
Type maximize
Goa!
& Kol Additicnal metrics Teair-accamey
Trials

Max talked trinls
Max trials

Paralel trials
Parameters

It Parameter type: double Min: 0,0 Max: 0,03

num-layers Poarameter typazint e 1 Munx: 64
ptimizer Parameder type: calegorical  sgd, adam, firl
Algorithm

MName

Metrics collector

Collector type Filg
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https://www.kubeflow.org/docs/components/katib/hyperparameter/

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

OWERWIEW TRIALS CETAILS VAR
Hame nrsl-gyicch

Status

Best trial Mo-aptimal brial yel
Besttrials params Mo optimal tral yet

Best trial performance

User defined goal Valdatior-acturacy » 0.9
Running trials

Fadled triala

Succeeded irials a

Experiment Conditions

= Filter 9

f£F3 NetApp Snapshot H{EHEFERILIEITERE

TEARELGIAREAR ~ IS 8B REFIIRE R ERVIRIR ~ UBEIEHE o REMILER « BRI LGRS BRTE =
B8 ~ TR - AERTIRIR « BFIFTLUAER "E AT KubernetesBINetApp DataOps TEEH" ©

T PIST 0 1 P
description = i =
dof saist pipelinel]
mnist train task mnist Ermin api)
i Erag wk. app
kfp;onpres. mount_pvcl 1
1 t t test ap

209 "NetApp DataOps Toolkit Kubeflow £5f1" UESE L& o

Apache Airflow

Apache AirflowZ}E
EERBATEKubernetess&= £ P EFE RUMEF ~ W BFEREYITE ©

@ A LI7EKubernetes AN & L ZE R o TEKubernetes SN TS EEPE TR « RIEAER
FHENEEZA o
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SO R
EEITREPARAIEBRE 2 A1 ~ ZFIRREEENT T IME

1. IRBERKIEA B YBIKubernetes& £ ©

2. #fRB1E Kubernetes SRR 5 F NetApp Astra Trident © #1538 Astra Trident BIEHAE - 52
"Astra TridentS {4" o

Z#tHelm

HFIERERAI KubernetesfE AEH EEIE T\ HelmRERB R © BRBRMZ AT ~ MR MEETEH L
ZiHelm - EEEMEPHET F L8 Helm ~ FHEE "L IR EEAHeImX 4 o

R E FEzZKubernetes StorageClass

EEEBRIMZAT » B BEKubernetesE= & P15 TE% StorageClass ° RS2 FEESFERTE

% StorageClassREC B IVIFEHEE - 1R R B StorageClasstEE A TBs&StorageClass « BIZPEF G5 o
HETEETPISETER StorageClass ~ sAEEHPIAITET "KubeflowHiZE" &E - IREEEREANISETE
% StorageClass ~ BIIBJIXBKiE L B o

FEHBHelmR BRI
EEfFERAHelmEKubernetessz E R ENE R © SRS BEZ I MHIT R IT(F ¢

1. 55381E ~ EAHemRIMEBRR "HE ST UEUSMARONELRRER - AT < HBABRIARE
FAHelmZEZBRR o FRCAIRIRMNIFTRARME » AR EIEN ~ ML R/FFEFR Tcustom-vales.yaml) 1EEH
BYfE o

$ cat << EOF > custom-values.yaml
FHAFH AR H A AR A AR AR S
# Airflow - Common Configs
E i i i
airflow:
## the airflow executor type to use
#4
executor: "CeleryExecutor"
## environment variables for the web/scheduler/worker Pods (for
airflow configs)
#4
#
FHAFHHEHHH AR
# Airflow - WebUI Configs
FHASH A AR
web:
## configs for the Service of the web Pods
#4
service:
type: NodePort
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FHAFH S A AR
# Airflow - Logs Configs
FHAHH AR H AR AR
logs:
persistence:
enabled: true
FHAHH A H A
# Airflow - DAGs Configs
FHAFH A H A AR H ARSI S S
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® 1is 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
EOF
$ 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



Jjsonpath="{.spec.ports[0] .nodePort}" services airflow-web)
export NODE IP=S (kubectl get nodes —--namespace airflow -o
jsonpath="{.items[0].status.addresses[0] .address}")
echo http://$NODE_IP:$NODE_PORT/
2. Open Airflow in your web browser

2. EEUPTANRAAERE BB B IEEEF - FiAPodRISER 224 AR 7 SERKEN o

$ 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. FAIREBLEF 1R EAHelmEBRARFIIENZE FIZERIET « BISRAWebARFEURL ©

$ 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:SNODE PORT/

4. HESDIGRI LI AR WebARES
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o "M KubernetesfNetApp DataOps TEEH" AI{BECRA—IERER o £/ NetApp
DataOps Toolkit 2ECRT ~ RIS NetApp BRIEIBIEE (FIMNEILIRBIIELR) BE
AR AEN B ETIERIZE o

H2/ "RmE " NetApp DataOps Toolkit GitHub f#7FERB—ET - sFARERER A EC RURER T A4 -
Astra Trident Z3E £
AETE SR o] gEABE B Astra Trident —EEBITHOR IB(EXEF) o

EE AIREVolume

MREHINetAppREF AR/ T & LB BERFHTIKubermnetesRE AN A28 LVIRBHIEE « (BELHIEETRE
HEEIFREPRHPVCS ~ Bl AR ABEHIRE o [SR]LUEM Trident Volume& ATHEEEE AE L Volume °

U< BHIREREAZZAR Volume pb_fg all o Y1ZEPVCSHEFAE ~ 552 B "KubernetesE /534" ©
W VolumeEE ATHRERVEFARE T ~ B2/ "Trident>C " ©
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$ 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 tomm
e i fomm -

e it L e pom - +

| NAME | SIZE | STORAGE CLASS

| PROTOCOL | BACKEND UUID | STATE |
MANAGED |

o tomm o
e tomm -
- tom pom - +

| default-pb-fg-all-ifacel-7d9f1 | 10 TiB | ontap-ai-flexgroups-retain-

ifacel | file | b74cbddb-e0b8-40b7-b263-b6dat6decO0bdd | online | true
|

- o
i ettt fomm
it et L e e e e o +——— +

e e e fr e

e fress=m=m==s
fesssssssssscsesessosssassssassssasmaaa femmm==== fommsm==a= 4

| NAME | SIZE | STORAGE CLASS

| PROTOCOL | BACKEND UUID | STATE | MANAGED |
B it fememema=a

E fremsmm=a==s
femsssssssssssesessososesssssssssassass R e +

| default-pb-fg-all-ifacel-7d9fl | 10 TiB | ontap-ai-flexgroups-retain-
ifacel | file | b74cbddb-e0b8-40b7-b263-b6dab6decO0bdd | online | true
|

fess e e me s e e e s e s e e femememaae
frosssssmsms s m e s e s e e e e fressmm=a==s
fems=ssmss=sssesessososassssssssssssa=s Fem=m==== e T
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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-7d9f1l

10995116277760 ROX ontap-ai-flexgroups-retain-ifacel 25h
ACE#Volume

] AER TridentENetAppE R AT F & LECEMEE o

{EF kubectl BEZE 31 Volume
T5sh S & HEETR{EE kubect! ZRH#REITHY FlexVol Volume ©

MU TERMPVCEREDISE TZEER) H TReadWriteMany) o W% MFEUER) HOIAHAS « B2
"Kubernetes B X {4" o

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

25h

§£F3 NetApp DataOps Toolkit 7% Volume
&t AT LAE R NetApp DataOps Toolkit for Kubernetes ~ 7E NetApp fZERADF & L HEHBVHE

& ° NetApp DataOps Toolkit for Kubernetes FIF Trident ZRECE Volume ~ {BEERSEEREMNTER - 552E "X
" B SHEE RS o
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AN AlPod BRE R E3MAE T{FEE A
HITEEBAITERH

EE7TKubernetesi = EE I TEENELAIFIML T {E ~ AP EBZTMBIT T IE- B
T Trident ~ SFLAEIRREFR MBI BERHAFEE - ZEKubernetes TEB & FE3IFENAISER
BEPBERMNER - EEKubernetes Pod R 7ZEX L E IR E « REEPodERFIEE
—{EPVcEPA] o

@ FEHRREERTCEFHEKubernetesFBERHITHREAIFIMLI(EEH (BRADockerd231&83)
wafbo

1. T3 < & HZE T EHImageNetE R EEM TensorFlowE 2 Al: T YE& &2 17Kubernetes T1E ° 1l
FImageNetBERIERGFMAE 552/ "ImageNet4FiL" o

HESEHI TAEZR/\fEGPU ~ FILLPIEE—GPUTLFERRE LT « 2 TEENRER R/ \[BEZGPU - L&A
THRAIERETRR « MAA/\EU LGPUN TIEEIRRZE - NERIELEEMT FRE—IERER - 1R
& ATFEHEFTEHEENRRE - ERIZTFESHRAHERARBLE -

IESh ~ BT B EHEFEERAL - EEFEINIGERAHEIEE ZEAR TIEFrRBILAIPodNEME MR - BIh—
{EVolumeth Z# & TEPod o F AR ERE AN HEEFEERMIEE - ELiitEZFERAPVCSABELIERE
EH2E - Y1 Kubernetes TIERVEFAAE T ~ 582 R "KubernetesE 5 3" o

LEEEBIFFEEILAIPod ~ EHE Tmedium) B2 Tmorys BY TemtyDiriiR@&#EE] TFA3%/ shmy © Docker
Container\{TRFEIFF B ENEILEY T/devishm) E#EEFEERITERR A/ ~ BRFO]SER B LM & TensorFlowhy
=K o MATEBFIFAT ~ #8L TempyDirEIRE TR ES$IARE [dev/shm) EEHIEE - NFH

B TempyDir" VolumeRYs¥4HE N ~ 552/ "Kubernetes B X" ©

FUEH TIFEZRFFIIEENE—R8 - H MBS ER Ttruel o ILEFRTAHZARER EHAIrootiFE
# o EERER TEEALERE « AAHITHRE TIFRHFEZrootFEUE - AIEME  TIFREHHITHE
PRIREVER T ZrootZEVE - REEFEERE MFHER : B 538 « BURRIECHITHR ETFa#HEK -

$ 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
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2. B

)

- name: testdata-iface?2
persistentVolumeClaim:
claimName: pb-fg-all-iface2
- 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-iface2
- 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
RICTETENPRIUNTEERERIIT - THEMG SRR ERTIFEILE—Pod (MIFERMIEE

» MELtPod BAIIETE EF—EGPUT {EEIRL_L#T o

$ kubectl get pods -o wide

NAME READY
RESTARTS AGE

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

3. WS BRI T IEERMINTTH © T <& AR HER TIEEMIhTTA
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STATUS

Running 0



$ 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. “ERA  BRIIERS o Ty mSEFIRERRIREDS B1PEINITEYH o
ks TE¥ERF ~ Kubernetes® B ENIBR{ERIAERARIPOd ©



$ 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.

HITREDT DETIAITFE R

EEEKubernetes#EEPH TR ZEHMEAIFIMLIE « HESEEIZTIH EHITTHT
E o A2 7 ml B 1GF A ETZENetAppii it & FRER « WEALLE—TEEEEZ R
GPU o WNEEDZ 2EVAI TERVEREA ~ SB2R TE ©

@ HELIFES DAL « AP DM TFE B RA BN IRERE © FED TIEEIER
T TRRBEARRIETER « TEAXBIEREBEZA o

Kubemetes {kis) Cluster

Kube API

Data Data
$ b

Master Node

1. PAss L HABREL —ETEE « USEREHHH P E—ER_ERITHIER TensorFlow B2 AR TIEZF
TOIRIT "PITEBRAITFEH" - FIFERMF - REHE—KET - RAZITIFEEMmELES
R Z FRIHAAT o

IEEEFIM TIEE SREZER/\EGPU ~ ELtAIEE—GPUTLEEEiRG F#1T ~ sZEIREAME/\EU LMIGPU ©
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EZEFREARNGPUSE - tEKubernetesBF ERVEFAAE T « 528 "KubernetesE /534" o
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TEUEEEHP &R KubernetesHE « AAREENENASRETIEEXERTHITM © EIt « fEAKubernet
es TEZRIBZREZBITL AR SIE - IREHE TR BITRTIIER 5T « AIER TERBRIBBLENE T A5
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EHIZPE IR PFISERIPod ~ E ThostNetwork) {82 Ttruel o ILERTRPodE R F 1% T (EEIEEAIAEEE
HE ~ MIEKubernetesiBH A SEPod I I EH AR EE o ILFEARILERS - AASE TE& D
$80pen MPI ~ NCCL#Horovod AR YA RMITLIEE S - Fit « EREFINEHERES o B

it Open MPI ~ NCCL#HorovodBy51 s A EAX NI mEE 2 A c @B HELL MhostNetwork : true) 5552
BCRRIEHITIEE TEEEH TR - (NFEARI ThostNetwork) HE{IAVEHAAE ~ 3528 "KubernetesE 53
"o

$ cat << EOF > ./netapp-tensorflow-multi-imagenet-worker.yaml
apivVersion: 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:
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:
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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
EOF
$ kubectl create -f ./netapp-tensorflow-multi-imagenet-worker.yaml
deployment.apps/netapp-tensorflow-multi-imagenet-worker created
$ kubectl get deployments

NAME DESTIRED CURRENT UP-TO-DATE
AVAILABLE AGE

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

1 4s

2. RSB PRINTIFEDEERNED © THHLRATRAE HH N BRIE—TIEEPod - M

3.
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$ 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

AR ~ 2HEIEHRED 28R TFRITHNEERE I Kubernetes TF o T3 < SA IR —E XM
AR ERE) ~ 2E BN E—{ETensorFlowEZE R TERED 2 ETNHIT « R LIER A HIRVE —&IEs
BT "RITEESRAITFEHE"

IEEHEETEER/\EGPU -~ EtrI7EEH /(B EGPURE—GPUTLEEIEL_ E#IT - MIERGPUTIERD
BEAYGPUINAERBIB/\fAGPU ~ & T BERAKEE « (L se BB MILE B « FHEN TERIZFER
HGPUE -

AEH TIEERTFIEENEPod ~ H TR ER TH) -~ mURESRIPEIERE TEHAER
B TE —1 - F2RSH - BRANEFZIENFEEN -

$ 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?2
persistentVolumeClaim:
claimName: pb-fg-all-iface2
- 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", "--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
- 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-multi-imagenet-master.yaml
job.batch/netapp-tensorflow-multi-imagenet-master created



4. 7
Fim ~ MELtEPod B RIIETEEA—EIGPUTLEEIRE_E#1T o B EZEER « EESRIPEFRNITIEEPod
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$ kubectl get Jjobs

NAME COMPLETIONS DURATION AGE
netapp-tensorflow-multi-imagenet-master 0/1 25s 25s
RICTETERSPRUMNFTETFIETEIERRNIT o THSEHG<SAIRIEATFEIIE—FPod » NITFER

$ kubectl get pods -o wide

NAME READY
STATUS RESTARTS AGE

IP NODE NOMINATED NODE
netapp-tensorflow-multi-imagenet-master-ppwwj 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>

SCTEDSRIPEIMNEZTFEMINTER © T < 8EpI D TIFEMINTTA

$ 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

S kubectl logs netapp-tensorflow-multi-imagenet-master-ppww]j
[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 !!!| ==================

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 fplé rl0 m2 nockpt.txt 2>&l

- BEABEEIER « AMRZEIIE - N a<EFIERRRESB1HETNITEEEYHE o
ZIEMIE TIEE BEY4EF « Kubernetes® B ENMIFR(ERIBAEEAI T EZ Pod ©
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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

7. %R EREETIENMS o TS HFIRERRIRES RIPEINETET(EYMH o
PR E TEM4BF ~ Kubernetes® B NP EAIAHRARY EPod °

$ 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-ppww]j 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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