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1. AWS 2&2 gLt M {20 A SageMakerE AAMstD MH|A * Amazon SageMaker * & S2!8LICL.

i5% services | Q SageMaker Canvas X | B AN (©) [ N. Virginia ¥ AWSAdministratorAccess/kj

Search results for 'SageMaker"
Try searching with longer queries for more relevant results

Features (4) Services

Resources | New

Blogs (1,115) | Amazon SageMaker Y¢

Documentation (15,143) Build, Train, and Deploy Machine Learning Models



http://youtube.com/watch?v=mFN13R6JuUk
http://youtube.com/watch?v=mFN13R6JuUk
http://youtube.com/watch?v=mFN13R6JuUk
http://youtube.com/watch?v=mFN13R6JuUk
http://youtube.com/watch?v=mFN13R6JuUk
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Services Q Search [Option+S] ‘ @ Q @ @ N. Virginia ¥ AWSAdministratorAccess/kjian@netapp.com

Amazon SageMaker X Amazon SageMaker » Notebook instances
Notebook instances info Create notebook instance

Getting started
Studio Q, Search notebook instances ’ ‘ 1 [
Studio Lab [4
Canvas Name Vv Instance Creation time v Last updated Status Vv Lifecycle config Actions
Rstudio There are currently no resources.
TensorBoard
Profiler

v

Admin configurations

SageMaker dashboard

Search

v

JumpStart

v

Governance

v

Ground Truth

¥ Notebook

Notebook instances

’it repositories

» Processing

3. 444 0| x|0f
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Amazon SageMaker » Notebook instances ) Create notebook instance

Create notebook instdnce

Amazon SageMaker provides pre-built fully managed notebook instances that run Jupyter notebooks. The notebook instances
include example code for common model training and hosting exercises. Learn more [

Notebook instance settings

Notebook instance name

fsxn-demo

Maximum of 63 alphanumeric characters. Can include hyphens (-), but not spaces. Must be unique within your account in an AWS Region.

Notebook instance type

‘ ml.t3.medium v ‘

Elastic Inference Learn more [/

['rone v

Platform identifier Learn more [/

’ Amazon Linux 2, Jupyter Lab 3 v ‘

» Additional configuration

Permissions and encryption

IAM role
Notebook instances require permissions to call other services including SageMaker and S3. Choose a role or let us create a role with the
AmazonSageMakerFullAccess IAM policy attached.

’ AmazonSageMakerServiceCatalogProductsUseRole v

\ Create role using the role creation wizard “a

Root access - optional
© Enable - Give users root access to the notebook

O Disable - Don't give users root access to the notebook
Lifecycle configurations always have root access

Encryption key - optional
Encrypt your notebook data. Choose an existing KMS key or enter a key's ARN.

No Custom Encryption v

v Network - optional

VPC - optional

Default vpc-0df3956ab1fca2ec9 (172.31.0.0/16) v ‘

ubnet
Choose a subnet in an availability zone supported by Amazon SageMaker.

subnet-00060df0d0f562672 (172.31.16.0/20) | us-east-1a v ‘

ecurity group(s)

5g-0a39b3985770e9256 (default) X

irect internet access
© Enable — Access the internet directly through Amazon SageMaker

(O Disable — Access the internet through a VPC
To train or host models from a notebook, you need internet access. To enable internet access, make
sure that your VPC has a NAT gateway and your security group allows outbound connections. Learn

more [4

> Git repositories- optional

» Tags - optional

gy e
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Search results for 'Fsx'

Try searching with longer queries for more relevant results

Features (5)

Services

Resources ' New

Blogs (330) X | w

Documentation (3,920) Fully managed third-party file systems optimized for a variety of workloads

Knowledge Articles (20)
Tutorials (3)

DataSync simplifies, automates, and accelerates moving data
Events (12)

o

2. Create file system * 2

Uy
Ju

LIC.

Services Q Search b AWSAdministratorAccess/kjian@netapp.com

Amazon FSx X FSx > File systems
File systems File systems (0) Create file system
Volumes N §
Q Filter file systems 1 &
Caches
Backups Fil Fil Fil
P e fle e Deployment Storage Storac¢
system Vv system a system vV Status v . v — v capacl
v ONTAP name ID type yp yp P
Storage virtual machines
Empty file systems
v
OpenzFs You don't have any file systems.
Snapshots

Create file system

FSx on Service Quotas [4

3. K MM L= * FSx for NetApp ONTAP * £ MEHSI D * Next * £ 22/%fL|Ct



Services Q Search [Option+S] Q @ {§} N. Virginia ¥ AWSAdministratorAccess/kjian@netapp

FSx > Filesystems » Create file system

Step 1

Select file system type

Select file system type

i File system options
Specify file system details
Step 3 © Amazon FSx for (O Amazon FSx for (O Amazon FSx for (O Amazon FSx for
Review and create NetApp ONTAP OpenZFS Windows File Lustre
Server
FS% FS)- FSxa FSXan
Amazon FSx Amazon FSx Amazon FSx Amazon FSx
for NetApp ONTAP for OpenZzFs for Windows File Server for Lustre

Amazon FSx for NetApp ONTAP

Amazon FSx for NetApp ONTAP provides feature-rich, high-performance, and highly-reliable storage built on
NetApp's popular ONTAP file system and fully managed by AWS.

Broadly accessible from Linux, Windows, and macOS compute instances and containers (running on AWS or on-
premises) via industry-standard NFS, SMB, and iSCSI protocols.

Provides ONTAP's popular data management capabilities like Snapshots, SnapMirror (for data replication),
FlexClone (for data cloning), and data compression / deduplication.

Delivers hundreds of thousands of IOPS with consistent sub-millisecond latencies, and up to 3 GB/s of throughput.

Offers highly-available and highly-durable single-AZ and multi-AZ deployment options, SSD storage with support
for cross-region replication, and built-in, fully managed backups.

Supports dynamic scaling of your file system to fit your storage capacity and throughput needs.

Automatically tiers infrequently-accessed data to capacity pool storage, a fully elastic storage tier that can scale to
petabytes in size and is cost-optimized for infrequently-accessed data.

Integrates with Microsoft Active Directory (AD) to support Windows-based environments and enterprises.

Cancy Next
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Services Q Search [Option+S] ‘ Q @ @ N. Virginia v AWSAdministratorAccess/kjian@net

FSx > Filesystems » Create file system

Step 1

Specify file system details

Select file system type

Si=pi2 Creation method
Specify file system details

Step 3 O Quick create O Standard create

Review and create Use recommended best-practice configurations. Most You set all of the configuration options, including
configuration options can be changed after the file specifying performance, networking, security, backups,
system is created. and maintenance.

b. m A|AE O|E * 1} * SSD AEZ|X| 8% * 2 LHBLICE



File system details

File system name - optional Info

fsxn-demo

aximum of 256 Unicode letters, whitespace, and numbers, plus +-=._:/

Deployment type Info
O Multi-AZ
O Single-AZ

SSD storage capacity  Info

1024 GiB

inimum 1024 GiB; Maximum 192 TiB.

Provisioned SSD IOPS
Amazon FSx provides 3 IOPS per GiB of storage capacity. You can also provision additional SSD I0PS as needed.

© Automatic (3 IOPS per GiB of SSD storage)

(O User-provisioned

Throughput capacity  Info
The sustained speed at which the file server hosting your file system can serve data. The file server can also burst to higher speeds for
periods of time.
O Recommended throughput capacity
128 MB/s

O Specify throughput capacity
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Network & security

Virtual Private Cloud (VPC) Info
Specify the VPC from which your file system is accessible.

vpc-0df3956ab1fca2ec (CIDR: 172.31.0.0/16) v

VPC Security Groups  Info
Specify VPC Security Groups to associate with your file system’s network interfaces.

Choose VPC security group(s) v

sg-0a39b3985770e9256 (default) X

‘referred subnet Info

Specify the preferred subnet for your file system.

subnet-00060df0d0f562672 (us-east-1a | use1-az4) v
tandby subnet
subnet-02b029f24d03a4af2 (us-east-1b | use1-az6) v

VPC route tables Info
Specify the VPC route tables to associate with your file system.

© VPC’'s main route table

(O Select one or more VPC route tables

Endpoint IP address range  Info
Specify the IP address range in which the endpoints to access your file system will be created

© Unallocated IP address range from your VPC
Simplest option for access from other AWS services or peered / on-premises networks

O Floating IP address range outside your VPC
(O Enter an IP address range

d. AE2|X| 7}A D{AL * 0|22 QUABET * SVM(AE2|X| 7Hf DAl ChEt 2% * = X FBILICH



Default storage virtual machine configuration

Storage virtual machine name  Info

fsxn-svm-demo

SVM administrative password
Password for this SVM's "vsadmin" user, which you can use to access the ONTAP CLI or REST API. You can provide a password later if you
don't provide one now.

O Don't specify a password
© Specify a password

Password

sssssesces

Confirm password

olume security style
The security style of the volume determines whether preference is given to NTFS or UNIX ACLs for multi-protocol access. The MIXED mode
is not required for multi-protocol access and is only recommended for advanced users.

Unix (Linux) v

Active Directory
Joining an Active Directory enables access from Windows and MacOS clients over the SMB protocol.

© Do not join an Active Directory

(O Join an Active Directory

o CIZ @22 7|20 £1 Q2% si0f i FEM HE * Next * 2 S2gLIT

» Backup and maintenance - optional

» Tags - optional

Cancel Back -
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[0} N. Virginia ¥

AWSAdministratorAccess/kjian@netal

ESx > Filesystems » Create file system

Step 1
Select file system type

Review and create

Verify the following attributes before proceeding

Step 2
Specify file system details

File system details

Step 3
Review and create

Attrib
File sy:

Tags

File sy:

Q Key

Deploy

Storag
Provisi Tag key

Throu¢

Value

You don't have any tags.

b}
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5. FSx I AlAEIS RESHE O] 9 * 20408 * HE 22 4

aws Q Search [Option+s] | (3

HH i
228 Services

Amazon FSx X « Creating file system 'fs-08b2dec260faeca07'

FSx » File systems
File systems

Cancel Create file system

SLIC}.

N. Virginia ¥

4 @ @

AWSAdministratorAccess/kjian@netapp.com

View file system

Create file system

1 &

Volumes .
File systems (1)
Caches
Backups Q Filter file systems
¥ ONTAP File
Storage virtual machines system ¥ File system ID A
name
¥ OpenZFS
£ fs-
Sxn-
Snapshots o) 08b2dec260faeca07
demo

File

system Vv Status
type

ONTAP @ Creating

/

Deployment Storage
type type
Multi-AZ SSD

[==]

WS I serviees | Q Search Optionss]

@© 'fs-08b2dec260faeca0?' is now available

Amazon FSx X
FSx > File systems

File systems
Volumes .

File systems (1)
Caches
Backups ‘ Q_ Fitter file systems ‘

v ONTAP ‘ File system name ¥ File system ID A Filesystemtype Vo Status v

Storage virtual machines

O fsn-demo f5-08b2dec260faecad? ONTAP © Available

FSx It A[ARMS FLICH HE{7E* AFE 7hs * Q1K 2HQISHHAIL.

Deploymenttype v Storagetype ¥

Multi-AZ sSD 1,024 GiB.

B &4 O @

Storage capacity v

AWSAdministratorAccess/Kflan@netapp.com

N. Virginia v

Create file system
1 @

Throughput capacity ¥ Creation time v

128 MB/s 2023-09-28T15:07:30-07:00

¥ OpenzFs

- 1P 34 * 5L ONTAP 2|
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Services Q Search [Option+S] ® AN (©) © N. Virginia v AWSAdministratorAccess/kjian@neta

Amazon FSx X ESx > Filesystems » fs-08b2dec260faeca07

File systems fsxn-demo (fs-08b2dec260faeca07) [LEEE

Volumes
Caches v Summary
Backups
File system ID SSD storage capacity Availability Zones
Vv ONTAP fs-08b2dec260faeca07 1024 GiB us-east-1a (Preferred)
Storage virtual machines us-east-1b (Standby)
Lifecycle state Throughput capacity
v OpenzFs @ Creating 128 MB/s Creation time
2023-09-28T14:41:50-07:00
Snapshots File system type Provisioned I0PS
ONTAP 3072
FSx on Service Quotas [ Deployment type
Multi-AZ
Network & security Monitoring & performance Administration Storage virtual machines >

ONTAP administration

Management endpoint - DNS name Management endpoint - IP address ONTAP administrator username
management.fs- 172.31.255.250 fsxadmin
08b2dec260faeca07.fsx.us-east-
1.amazonaws.com Inter-cluster endpoint - IP address ONTAP administrator password
172.31.31.157

. Update
Inter-cluster endpoint - DNS name 172.31.32.38
intercluster.fs-

08b2dec260faeca07.fsx.us-east-
1.amazonaws.com

3. MMEl * SageMaker Notebook Instance * & €11 * Open JupyterLab * 2 S28fL|C},

[Option+S] ® L ® < N. Virginia ¥ AWSAdministratorAccess/kjian@netapp.com

Amazon SageMaker X Amazon Sag >

Notebook instances info Create notebook instance
Getting started
Studio l Q. Search notebook instances 1 @
Studio Lab [
Canvas Name V¥ Instance Creation time v Last updated Status v Lifecycle config Actions ‘
RStudio @] fsxn-demo ml.t3.medium 9/28/2023, 1:47:27 PM 9/28/2023, 1:50:28 PM @ Inservice Open Jupyter | Open JupyterLab
TensorBoard

4. Jupyter Lab H|O|X|0| A M| * Terminal * & FLILC}.

10



File Edit View Run Kernel Git Tabs Settings Help

2 &) & 2 Launcher +

0.

[}

Filter files by name Q

./ IEI Notebook
0 Name . Last Modified
conda_tensorfl conda_python3 conda_pytorch R Sparkmagic Sparkmagic Sparkmagic
ow2_p310 _p310 (PySpark) (Spark) (SparkR)

£
» Console

T

= @ ® S S S

conda_tensorfl conda_python3 conda_pytorch R Sparkmagic Sparkmagic Sparkmagic
ow2_p310 _p310 (PySpark) (Spark) (SparkR)

Other
T @& R B

’ Terminal Text File Markdown File Python File R File Show
Contextual Help

. ssh B3 ssh <admin ALEX} O|E>@<ONTAP At IP> £ 212510 FSxN ONTAP It A|AHI0)|
EIQIBILICE (2CHAIO A AFEXL O] Z 2t IP FAE Z3|3ICL)
AEE|X| 7t HA 2 A m ArT S E AFESIHYAR.

: File Edit View Run Kernel Git Tabs Settings Help

() * & & ™ Terminal 3 X |+

Filter files by name Q, sh-4.2$ ssh fsxadmin@172.31.255.250
Password:
() -

./

‘> Name

. HHZ OIS =AM 2 dleL|ct
FSxN 7HQ! S3 H{3l 0| & * 2| O|E2 £ * fsxn-ONTAP * 2 ALEEL|LCt,
vserver * Q10| * AEZ2|X| 7} HA 0|5 * 2 AFESIAAL.

Last login time: 9/28/2023 22:29:18
Last Modified FsxId08b2dec260faecald7::> []

vserver object-store-server create -vserver fsxn-svm-demo -object-store
-server fsx s3 -is-http-enabled true -is-https-enabled false

vserver object-store-server user create -vserver fsxn-svm-demo -user

s3user

vserver object-store-server group create -name s3group -users s3user
-policies FullAccess

vserver object-store-server bucket create fsxn-ontap -vserver fsxn-svm-

demo -type nas -nas-path /voll

11
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File Edit View Run Kerel Git Tabs Settings Help
Bl + ¢ ¥ B Terminal 3 X |+
‘ Filter fi narm Q sh-4.2$ ssh fsxadmin@172.31.255.250
Password:
- e
Last login time: 9/28/2023 22:29:34
Name . Last Modified || FSXId08b2dec260faeca07: :> vserver object-store-server

FsxId08b2dec260faeca07: :> vserver object-store-server

FsxId08b2dec260faecal7::> vserver object-store-server

create -vserver f: d

-obj

ver fsx s3 -is-h

user create -vserver fsxn-svm-demo -user s3user

group create -name s3group -users s3user -policies FullAccess

p-

bled true -is-https-enabled

FsxId08b2dec260faecal?: :> vserver object-store-server bucket create f: p -vserver f: demo -type nas p
% FsxId08b2dec260faeca0?: :> |
FSxN private S30i| CHet AEZQIE |P 3L XA SHS HAHsI2{H Ch2 BHS HASLICH

h /voll

false

network interface show -vserver fsxn-svm-demo -1if nfs smb management 1

set adv

vserver object-store-server user show

Vserver Name:

Logical Interface Name:
Service Policy:

Service List:

(DEPRECATED) -Role:

Netmask:
Bits in the Netmask:

Is VIP LIF:

Subnet Name:

Home Node:

Home Port:

Current Node:

Current Port:

Operational Status:

Extended Status:

Is Home:

Administrative Status:

Failover Policy:
(DEPRECATED)-Firewall Policy:
Auto Revert:

Fully Qualified DNS Zone Name:
DNS Query Listen Enable:
Failover Group Name:

FCP WWPN:

Address family:

Comment :

IPspace of LIF:

Is Dynamic DNS Update Enabled?:
Probe-port for Cloud Load Balancer:
Broadcast Domain:

Vserver Type:

Required RDMA offload protocols

FsxId08b2dec260faecald7::> set adv

= 23F A o] ax ol =HS Ox|sH
30'” A|'c>E o MEE =0 IP % I|-7_|=| co= 'ITI||=|L‘|E|'-
IIIIIIII [ +] k3 [¢] & M Terminal 3 X |+
Filter files by name Q sh-4.2$ ssh fsxadmin@172.31.255.250
Password:
./ i s
Last login time: 9/28/2023 22:32:42
Name - Last Modified

f£sxn-svm-demo
nfs_smb_management_1
default-data-files

data-core, data-nfs, data-cifs,

t-ssh,

t-https,

data-s3-server, data-dns-server

data

FsxId08b2dec260faecal7-|

ele

FsxId08b2dec260faecald7-|

ele

up

true
up
system-defined
data
true
none
false
Fsx
ipv4d
Default
true
Fsx
data

" 4

01

01

FsxId08b2dec260faecal7::> network interface show -vserver fsxn-svm-demo -1lif nfs_smb_management_1

Warning: These advanced commands a“otentially dangerous; use them only when directed to do so by NetApp personnel.

Do you want to continue? {y|n}: y

FsxId08b2dec260faecald7::*> vserver object-store-server user show
Secret Key

Access Key

" 4

Vserver User ID
fsxn-svm-demo
root 0
Comment: Root User
fsxn-svm-demo
s3user 1

2 entries were displayed.

FsxId08b2dec260faecald7::*>
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: File = Edit View Run Kernel Git Tabs Settings Help
» New » Console o
New Launcher S ®L [W Notebook F
o Open from Path... Termlr.\al
Open from URL... = TextFile Notebook
M Markdown File
0 New View for @ Python File
New Console for Activity R RFile a P P S S S
= Close Tab xw TN Q
Close and Shutdown ~AeQ conda_tensorfl conda_python3 conda_pytorch R Sparkmagic Sparkmagic Sparkmagic
ow2_p310 _p310 (PySpark) (Spark) (SparkR)
%""\gq Close All Tabs
Save ®S
2@ Console
* Save As S .
Save All
Reload from Disk e e e R S S S
Revert to Checkpoint
Rename conda_tensorfl conda_python3 conda_pytorch R Sparkmagic Sparkmagic Sparkmagic
ow2_p310 _p310 (PySpark) (Spark) (SparkR)
Download
Save and Export Notebook As... » Other
Save Current Workspace As...
Save Current Workspace — M ﬁ
Print... ®P — A 4 R E
Terminal Text File Markdown File Python File R File Show
Log Out Contextual Help
Shut Down
IT =] ol of C o= oA "iH CE SLSHEAL
2. FSxN Z2t0[8! S3 HZl0f| IS PZESH= SHZ WHOZ of2ff ZEE AFB3HYAIR
i yx e} |- = Ho XFXSHAL
ZZXO AE oK = o] cESZ HXSIHAR.
" H = =l A n
fsxn_demo.ipynb S XA A
# Setup configurations
# - Manual configurations --------
seed: int = 77 # Random
seed

bucket name: str =

name in ONTAP

'fsxn-ontap'
aws_access_key id = '<Your ONTAP bucket key id>'

this credential from ONTAP

aws secret access key = '<Your ONTAP bucket access key>'
this credential from ONTAP

'<Your FSxN IP address>'

this IP address from FSXN

fsx endpoint ip: str =

Manual configurations

# Workaround
## Permission patch
Imkdir -p voll

# The bucket

# Please get

# Please get

# Please get

!sudo mount -t nfs $fsx endpoint ip:/voll /home/ec2-user/SageMaker/voll

!sudo chmod 777 /home/ec2-user/SageMaker/voll

## Authentication for FSxN as a Private S3 Bucket

13
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laws configure set aws access key id Saws access key id
laws configure set aws_ secret access key Saws_secret access_key

## Upload file to the FSxN Private S3 Bucket
%%capture
local file path: str = <Your local file path>

laws s3 cp --endpoint-url http://S$fsx endpoint ip /home/ec2-user
/SageMaker/Slocal file path s3://Sbucket name/Slocal file path

# Read data from FSxN Private S3 bucket
## Initialize a s3 resource client

import boto3

# Get session info

region name = boto3.session.Session().region name

# Initialize Fsxn S3 bucket object
# --- Start integrating SageMaker with FSXN ---
# This is the only code change we need to incorporate SageMaker with
FSXN
s3 client: boto3.client = boto3.resource (
's3',
region name=region_name,
aws_access_key id=aws access key id,
aws_ secret access key=aws secret access key,
use ssl=False,
endpoint url=f'http://{fsx _endpoint ip}',
config=boto3.session.Config(
signature version='s3v4',
s3={'addressing style': 'path'}

)
# --- End integrating SageMaker with FSXN ---

## Read file byte content
bucket = s3 client.Bucket (bucket name)

binary data = bucket.Object (data.filename) .get () ['Body"']

oot

O|X| FSxN % SageMaker QI AEIA 7to| E$HS OFX|ZI& LTt

988 CluY H32|2E

[

* SageMaker Notebook QIAE AL FSxN I A|AEIO| ST VPCO| AU=X| ZelgtL|Ct.
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4. Model training

()pyTorch (in memory)
Model Deployme:
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bbf e the batch size

2. Create a PyTorch representation of a single record
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from torchvision import transforms

preprocess = transforms.Compose ([
transforms.ToTensor (),
transforms.Resize ((224,224)),
transforms.Normalize (
mean=[0.485, 0.456, 0.406],
std=[0.229, 0.224, 0.225]

1)

o] IE =22 * torchvision.transforms * 2 =2 AFE%H O|0|X| MK 2| Heto| HO|E E0o{ FLICL. 0]
EER|YME Lo Het2 XME6t7| 2l ™A 2| 7HH| 7t THSORILICEH XM, * ToTensor() * Heh2 0|0 X[ HIA
HHOZ HelelL|Ct O = * 37| ZH((224,224) * HE2 1™ 37| 224x224 T 2 0|0|X| 27|E ZHEILICE.
OX[TO 2 * MAsh() * Het2 WS D 2f 22 et & TWAE LR HIA i Eastei|ct. HAstol|
AEEl= B U BF WAL 22 LENOZ AP 22 El MAY REof| ALZEILICH MEFMOZ 0] RE&= 0[O|X]|
HIO|EE HIMZ Hetstn 37|28 ZHSHH 2l g2 Mot o2 M AAH SHE REZ XJF KE2| £ S ol
ZH|gtL|ct.

PyTorch H|O|E &gt Za2iA
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import torch
from io import BytesIO
from PIL import Image

class FSxNImageDataset(torch.utils.data.Dataset) :
def init_ (self, bucket, prefix='"', preprocess=None) :
self.image keys = |
s3_obj.key
for s3 obj in list (bucket.objects.filter (Prefix=prefix).all())
]

self.preprocess = preprocess

def len_ (self):
return len(self.image keys)

def getitem (self, index):
key = self.image keys[index]

response = bucket.Object (key)

label = 1 if key[1l3:].startswith('defective') else 0

image bytes = response.get() ['Body'].read()
image = Image.open (BytesIO(image bytes))
if image.mode == 'L':

image = image.convert ('RGB'")

if self.preprocess is not None:
image = self.preprocess (image)
return image, label

Of SeflA= CIojH Hetel & AL 8 7IM2:= 7|52 MSdtH 2 2| 2=0f thet HIoIHE s E'Jté.*%
Holg Ef Getltem* gh= Lol 2 E= boto3 S3 Bucket Z{H|E A0 FSxNOI| A O|Z! HI |[E{E ZAetL|Ct.
FSxNO||Af H|0|E{o] °“H|*0f7| fIet Z= AEY2 Amazon S30|M HIO|E S 1= Zat H|XBfLICH LS 22
HE S3 A * Bucket * 2| “4d T2 AN 20] CHoH XtAIS] EERILICE.

}
g

FSxN2 Z2t0|tl 83 X{&EHAZ AZELIC
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seed = 77 # Random seed

bucket name = '<Your ONTAP bucket name>' # The bucket
name in ONTAP

aws_access _key id = '<Your ONTAP bucket key id>' # Please get
this credential from ONTAP

aws_secret access key = '<Your ONTAP bucket access key>' # Please get
this credential from ONTAP

fsx endpoint ip = '<Your FSxN IP address>' # Please get

this IP address from FSXN

import boto3

# Get session info

region name = boto3.session.Session().region name

# Initialize Fsxn S3 bucket object
# —--- Start integrating SageMaker with FSXN ---
# This is the only code change we need to incorporate SageMaker with FSXN
s3 client: boto3.client = boto3.resource (
's3',
region name=region name,
aws_access_key id=aws access key id,
aws_secret access key=aws secret access key,
use ssl=False,
endpoint url=f'http://{fsx _endpoint ip}',
config=boto3.session.Config(
signature version='s3v4',
s3={'addressing style': 'path'}

)

# s3 client = boto3.resource('s3')

bucket = s3 client.Bucket (bucket name)

# ——— End integrating SageMaker with FSXN ---

SageMaker0Oll A FSxN2| H|O|E{E 2loa{H S3 T2 EZS AIR6I0] FSxN AEZ|X|S 7I2|7|= N2|7|7}
DFSO{ZILICE M2fA FSXxNE 8 S3 HAICOE K2[eg £ JUELICH SR H0= FSxN SVMQ| IP F4, H3l
0|8 3! Qs XA 3ES XIHsH= 20| ZatElL|CE ol2{st 1d et=8 = ol CHSE XtAlet HH2 9

EME HZESHAL "1E - AWS FSx for NetApp ONTAP(FSxN)E Z2t0[Hl S3 IS 2 AWS SageMakerd|
EShn

IO M A=t ol Aol M B2 24K = PyTorch CIOIE Eet K|S A ABASSH= O AFZELICE C|O|E{ M E 2A|of
CHEHAM = ChZ A0l M XbMIS] 2E LTt
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PyTorch Ci|0|E 2L

from torch.utils.data import Dataloader
torch.manual seed(seed)

# 1. Hyperparameters
batch size = 64

# 2. Preparing for the dataset
dataset = FSxNImageDataset (bucket, 'dataset/tyre', preprocess=preprocess)

train, test = torch.utils.data.random split (dataset, [1500, 356])

data loader DataLoader (dataset, batch size=batch size, shuffle=True)

HZE ool M= HiX| 27|17t 642 K| E|0] 2} HHX|Of| 647H2| 2| 2ETF ZotElS LIEFHLICL PyTorch * Dataset *
2L, X2 7|5 o 23 HiX| 27| Z&oto] 222 S H0IH 2HE HELILE O] HOIH 2HE WK
CHAO M CIO|E| MIEE YZXO R HEsts TEMAE XYL CH

29 28

from torch import nn

class TyreQualityClassifier (nn.Module) :
def init (self):
super (). init ()
self.model = nn.Sequential (
nn.Conv2d (3,32, (3,3)),
nn.RelLU(),
nn.Conv2d (32,32, (3,3)),

nn.ReLU(),
nn.Conv2d (32,64, (3,3)),
nn.RelLU(),

nn.Flatten(),
nn.Linear (64* (224-6) * (224-6) ,2)
)
def forward(self, x):
return self.model (x)

20



import datetime

num epochs = 2
device = torch.device('cuda' if torch.cuda.is available() else 'cpu')

model = TyreQualityClassifier ()
fn loss = torch.nn.CrossEntropyLoss ()
optimizer = torch.optim.Adam(model.parameters(), lr=le-3)

model.to (device)
for epoch in range (num epochs) :
for idx, (X, y) in enumerate (data loader):
X = X.to(device)
y = y.to(device)

y_hat = model (X)

loss = fn loss(y hat, vy)
optimizer.zero grad()
loss.backward()
optimizer.step ()

current time = datetime.datetime.now() .strftime ("%Y-%m-%d
TH:3M:%S")

print (f"Current Time: {current time} - Epoch [{epoch+l}/
{num epochs}]- Batch [{idx + 1}] - Loss: {loss}", end='\r'")

0| ZEE= EF PyTorch W § Z2MAE FHBYLICE Ef0[0{2] RS 2F617| 2l MH
TireQualityClassifier * 2= {2 REHZ Do SfLICt =H FX= H[O|EH H
XM E AHESto| ZHQ| mi2t0|EE AH|0|ERL|Ct 3t HLIE S s &
QA BILICE.

L

SES
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SageMaker= HHEE 2| ZE S S30i| X Z&SHO} 5t7| mf20f

import io

import os

import tarfile
import sagemaker

# 1. Save the PyTorch model to memory
buffer model = io.BytesIO()

traced model = torch.jit.script (model)
torch.jit.save (traced model, buffer model)

# 2. Upload to AWS S3

sagemaker session = sagemaker.Session ()
bucket name default = sagemaker session.default bucket ()
model name = f'tyre quality classifier.pth'

# 2.1. Zip PyTorch model into tar.gz file

buffer zip = io0.BytesIO()

with tarfile.open (fileobj=buffer zip, mode="w:gz") as tar:
# Add PyTorch pt file
file name = os.path.basename (model name)
file name with extension = os.path.split(file name) [-1]
tarinfo = tarfile.TarInfo(file name with extension)
tarinfo.size = len(buffer model.getbuffer())
buffer model.seek(0)
tar.addfile(tarinfo, buffer model)

# 2.2. Upload the tar.gz file to S3 bucket
buffer zip.seek(0)
boto3.resource ('s3') \
.Bucket (bucket name default) \
.Object (f'pytorch/{model name}.tar.gz') \
.put (Body=buffer zip.getvalue())

E = PyTorch 222 * Amazon S3 * 0f| X{Z&gtL|Ct.

| 2
ZEZS * Amazon S3 * Off Y2 E5HH SageMaker0i| AM|A T = QOO 2 HIZE DO Cigh 713 5l FE0]
JtsELct.
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import time

from sagemaker.pytorch import PyTorchModel

from sagemaker.predictor import Predictor

from sagemaker.serializers import IdentitySerializer
from sagemaker.deserializers import JSONDeserializer

class TyreQualitySerializer (IdentitySerializer):



CONTENT TYPE = 'application/x-torch'

def serialize(self, data):
transformed image = preprocess (data)
tensor image = torch.Tensor (transformed image)

serialized data = io.BytesIO()

torch.save (tensor image, serialized data)
serialized data.seek(0)

serialized data = serialized data.read()

return serialized data

class TyreQualityPredictor (Predictor):
def __init__(self, endpoint name, sagemaker session):
super (). init (
endpoint name,
sagemaker session=sagemaker session,
serializer=TyreQualitySerializer(),

deserializer=JSONDeserializer (),

sagemaker model = PyTorchModel (
model data=f's3://{bucket name default}/pytorch/{model name}.tar.gz',
role=sagemaker.get execution role(),
framework version='2.0.1",
py version='py310',
predictor cls=TyreQualityPredictor,
entry point='inference.py',

source dir='code',

timestamp = int (time.time ())

pytorch endpoint name = '{}-{}-{}'.format('tyre-quality-classifier', 'pt',
timestamp)

sagemaker predictor = sagemaker model.deploy (

initial instance count=1l,
instance type='ml.p3.2xlarge’',
endpoint name=pytorch endpoint name

O] 2= ArE5HH SageMaker0i| A PyTorch DRSS 2 BEE 5 ASLICH EoF (3 HI0|E|E PyTorch HIM =
0|2| X2|5t1 serializedt= AHEXE X|H serializer * T|reQuaI|tySer|aI|zer* £ HO|BILICE. TireQualityPredictor*
oA = ™o E serializer?t * JSONDeserializer*E AH&5H= AFEXL X| & O EXHL|CH ESH 0| == *
PyTorchModel * 7HM|E 2HE0| 2E2| S3 2IA], IAM S, Zaj| 93 HH 3! FES 9IS ZLHS Il’éﬂ%ﬂ—ltf. 0|
FEOM= EILARMTE MMstn D 9l EfJARMO S J|Hto= £ 0|ES MALL|Ct OX[eZ, BE2

o
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Af93f01 A | QIARIA HHE &
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%2
image object = list (bucket.objects.filter ('dataset/tyre')) [0].get ()
image bytes = image object['Body'].read()
with Image.open (with Image.open (BytesIO(image bytes)) as image:

predicted classes =

print (predicted classes)
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sagemaker predictor.predict (image)
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EEE Services Q Search [Option+S] @ Q @ @ N. Virginia v AWSAdministratorAccess/kjian@netapp.com ¥

Amazon SageMaker X Amazon SageMaker » Lifecycle configurations

Studio Notebook Instance
Getting started

Studio ’

Studio Lab [ Notebook instance lifecycle configurations
Canvas Create configuration
RStudio

TensorBoard

‘ Q. Search notebook instance life%conﬁgurations

Profiler 1 [

Name v ARN Creation time v Last modified time
¥ Admin configurations

Domains There are currently no resources.

Role manager
Images

Lifecycle configurations

#!/bin/bash

set -e

sudo -u ec2-user -i <<'EOF'

# 1. Retraining and redeploying the model

NOTEBOOK FILE=/home/ec2-
user/SageMaker/tyre quality classification local training.ipynb
echo "Activating conda env"

source /home/ec2-user/anaconda3/bin/activate pytorch p310

nohup jupyter nbconvert "SNOTEBOOK FILE"
-—-ExecutePreprocessor.kernel name=python --execute --to notebook &
nbconvert pid=$!

conda deactivate

# 2. Scheduling a job to shutdown the notebook to save the cost

PYTHON DIR=' /home/ec2-
user/anaconda3/envs/JupyterSystemEnv/bin/python3.10"'

echo "Starting the autostop script in cron”

(crontab -1 2>/dev/null; echo "*/5 * * * * bash -c 'if ps -p
$nbconvert pid > /dev/null; then echo \"Notebook is still running.\" >>
/var/log/jupyter.log; else echo \"Notebook execution completed.\" >>
/var/log/jupyter.log; SPYTHON DIR -c \"import boto3;boto3.client (
\'sagemaker\') .stop notebook instance (NotebookInstanceName=get notebook
name () )\" >> /var/log/jupyter.log; fi'") | crontab -

EQOF
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4. O] ASRIE= FES flo R MEA U xHHIEL S X2[Sh= Jupyter NotebookS A eIL|C AZMO| etz =™

LESO0| 582 W0 Atis2= Z=EL|CH 22X A% A ZE Ao10f| cioh KMot LB 2 S ERSHAIL 25 -
AWS FSx for NetApp ONTAP(FSxN)2 SageMakerWIH DHE =AHES 9SO AAE EHE",

ane :
=== Services

Amazon SageMaker » Lifecycle configurations > Create lifecycle configuration

Create lifecycle configuration

Configuration setting

Name

fsxn-demo-lifecycle-callback

Alphanumeric characters and "-", no spaces. Maximum 63 characters.

Scripts

Start notebook Create notebook

This script will be run each time an associated notebook instance is started, including during initial creation. If the associated notebook
instance is already started, it will be run the next time it is stopped and started. a curated list of sample scripts [}

#1/bin/bash

1
Z
3 set ¢

4  sudo -u ec2-user -i <<'EOF'

5 # 1. Retraining and redeploying the model

6 NOTEBOOK_FILE=/home/ec2-user/SageMaker/tyre_quality_classification_local_training.ipynb

7 echo "Activating conda env"

8 source /home/ec2-user/anaconda3/bin/activate pytorch_p310

9 nohup jupyter nbconvert "$NOTEBOOK_FILE" --ExecutePreprocessor.kernel_name=python --execute --to h
10 nbconvert_pid=$!

11 conda deactivate

13 # 2. Scheduling a job to shutdown the notebook to save the cost

14 PYTHON_DIR='/home/ecZ2-user/anaconda3/envs/JupyterSystemEnv/bin/python3.10’

15 echo "Starting the autostop script in cron”

16 (crontab -1 2>/dev/null; echo "*/5 * * * * bash -c "if ps -p $nbconvert_pid > /dev/null; then echo
17 EOF

(> Cloudshell  Feedback

S. UtE 2 LER QIARAR 0|F5t0] CHAl QIAEAS MEHSH D =t EECHR ofzfel * M YL0|E* E
=aIstL|c}
="1d
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Q Search

=ss Services

[Option+S]

N. Virginia v

AWSAdministratorAccess/kjian@netapp.com

Amazon SageMaker X

Getting started
Studio

Studio Lab [2
Canvas
RStudio
TensorBoard

Profiler

@ Admin ranfinuratinne

WAE - 2H A M 7Y 2

o

ann )
288 Services Q Search

Amazon SageMaker » Notebook instances

Notebook instances info

(G ] [ actioms |

Create notebook instance

Q, Search notebook instances

] < ®

Name v Instance Creati Status v Actions
Start
(o] fsxn-ontap ml.g4dn.xlarge 9/29/I—I © Stopped Start
1 Update settings [
Add/Edit tags

Delete

AWSAdministratorAccess/kjian@netapp.|

Amazon SageMaker X

Getting started
Studio

Studio Lab [4
Canvas
RStudio
TensorBoard

Profiler

v Admin configurations
Domains
Role manager
Images

Lifecycle configurations

SageMaker dashboard

Search
» JumpStart
» Governance
» Ground Truth
» Notebook
» Processing

» Training

’ 2

Amazon SageMaker » Notebook instances » fsxn-ontap »

Edit notebook instance

Notebook instance settings

Notebook instance name

Edit notebook instance

‘ fsxn-ontap

Maximum of 63 alphanumeric characters. Can include hyphens (-), but not spaces. Must be unique within your account in an

AWS Region.
Notebook instance type

‘ ml.g4dn.xlarge

d

Elastic Inference Learn more [

‘ none

d

Platform identifier Learn more [4
Amazon Linux 2, Jupyter Lab 3
v Additional configuration

Lifecycle configuration - optional
Customize your notebook environment with default scripts and plugins.

fsxn-demo-lifecycle-callback

A

No configuration

Create a new lifecycle configuration

5384 GB (16 TB).

fsxn-demo-lifecycle-callback

4

Permissions and encryption
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AWS Lambda At 2| A gt42lL|C}

M AZT ZAMH * AWS Lambda &4 * = * AWS SageMaker Notebook QIAEA * £ 3| MSH= Fets otL|Ct

1. AWS Lambda &4 * £ otS2{H szt I 2 0|5 3}0] * Functions * BiQ 2 0| s 3t C}2 * Create Function *
SalghL|Ct,

Services ‘ Q Search [Option+S] ‘ @ Q @ @ N. Virginia v AWSAdministratorAccess/kjian@netap

AWS Lambda X Lambda » Functions
Dashboard Functions (5) Last fetched 40 seconds ago Create function
Applicati

BRHGAHONS I Q Filter by tags and attributes or search by keyword I Mgs: 0 1 S
Functions

Function name v Description ¥ Package type ¥ Runtime ¥ Last modified ¥
¥ Additional resources P ge typ

Code signing configurations There is no data to display.

Layers

Ho|X|of| Zest BE =2 7|26t1 RuntimeS * Python 3.10 * O 2 M &tsiof &Lt
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i2% Services Q Search [Option+S] .Virgi ¥ AWSAdministratorAccess/kjian@

Lambda » Functions » Create function

Create function s

AWS Serverless Application Repository applications have moved to Create application.

© Author from scratch (O Use a blueprint (O Container image
Start with a simple Hello World Build a Lambda application from Select a container image to deploy
example. sample code and configuration for your function.

presets for common use cases.

Basic information

Function name
Enter a name that describes the purpose of your function.

fsxn-demo-mlops ‘

Use only letters, numbers, hyphens, or underscores with no spaces.

Runtime Info
Choose the language to use to write your function. Note that the console code editor supports only Node.js, Python, and Ruby.

Ke

Python 3.10 v

Architecture Info
Choose the instruction set architecture you want for your function code.

O x86_64
O arm64

Permissions info

By default, Lambda will create an execution role with permissions to upload logs to Amazon CloudWatch Logs. You can customize this default role later when adding triggers.

=l Agtof| LR Mot * AmazonSageMakerFullAccess * 7 Y=X| 2018t * 7|5 MM * HES
St
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[Option+S] L (@) {&) N. Virgi ¥ AWSAdministratorAccess/kjian@

Use only letters, numbers, hyphens, or underscores with no spaces.

Runtime Info
Choose the language to use to write your function. Note that the console code editor supports only Node.js, Python, and Ruby.

Ke

Python 3.10 v

Architecture Info
Choose the instruction set architecture you want for your function code.

© x86_64
O armé4

Permissions info

By default, Lambda will create an execution role with permissions to upload logs to Amazon CloudWatch Logs. You can customize this default role later when adding triggers.

¥ Change default execution role

Execution role
Choose a role that defines the permissions of your function. To create a custom role, go to the IAM console [4.

(O Create a new role with basic Lambda permissions
© Use an existing role

(O Create a new role from AWS policy templates

Existing role

Choose an existing role that you've created to be used with this Lambda function. The role must have permission to upload logs to Amazon
CloudWatch Logs.

‘service-role/fsxn-demo-mlops-role—585jzdny v‘ ’ C |

View the fsxn-demo-mlops-role-585jzdny role [#} on the 1AM console.

» Advanced settings

Can ? Create function

C L *
—

=
fsxn-ONTAP * O|2t= L ES QIARAS A[ZfeiL|Ct,

import boto3
import logging

def lambda handler (event, context):
client = boto3.client ('sagemaker')
logging.info ('Invoking SageMaker')
client.start notebook instance (NotebookInstanceName='fsxn-ontap')
return {
'statusCode': 200,
'body': f'Starting notebook instance: {notebook instance name}'



N. Virgin v AWSAdministratorAccess/kjian@net

Last modified

vc Layers (0) 1 minute ago
+ Add trigger <+ Add destination Funcion ARBN
arn:aws:lambda:us-east-1:23223
3133319:function:fsxn-demo-mlops
Function URL Info
Code Test Monitor Configuration Aliases Versions
Code source info ‘ Upload from ¥ |

KA
[ &}

4 File Edit Find View Go Tools Window I Test [VHI Deploy | Changes not deployed

B8 lambda_function % ﬁnment Vari X Execution results *

import boto3
import logging

&

jo)

v foxn-demo-mlops - ¥~
> | lambda_function.py

def lambda_handler(event, context):
client = boto3.client('sagemaker')
logging.info('Invoking SageMaker')
client.start_notebook_instance(NotebookInstanceName='fsxn-ontap')
return {
'statusCode': 200,
"body': f'Starting notebook instance: {notebook_instance_name}'

Environment

SWoNOOUTAHWNE

6. 0| AWS Lambda &5 E2|H3t= WS XIHSHHH Add Trigger(E2|H F7t) HFE S2IELICH
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34

EEE Services Q, Search [Option+S] Q @ @ N. Virginia ¥ AWSAdministratorAccess/kjian@netapp.

Lambda » Functions » fsxn-demo-mlops

fsxn-demo-mlops Throttle || Copy ARN || Actions ¥

¥ Function overview info

‘-\\I fsxn-demo- Description
mlops -
g Layers (0) Last modified
2 minutes ago
<+ Add trigger <+ Add destination
Function ARN
’ arn:aws:lambda:us-east-1:2322331

33319:function:fsxn-demo-mlops

Function URL Info

EEN2 w0l EventBridge & A1Efot THE M % 2H57| 2| BHFE SEIYLICH AH|E B4 220
S YHYLIC} ‘rate(1 day) E S5t 7t HES 22150 O M cron 2t #2245t AWS Lambda
ol MLt



Services Q, Search [Option+S] e L ®@ )] N. Virginia ¥ AWSAdministratorAccess,

Lambda » Add trigger

N
Add trigger

Trigger configuration info

EventBridge (CloudWatch Events) v

aws asynchronous schedule management-tools

A

Rule

Pick an existing rule, or create a new one.

O Create a new rule

’ (O Existing rules

Rule name
Enter a name to uniquely identify your rule.

‘ mlops-retraining-trigger |

A

Rule description
Provide an optional description for your rule.

Rule type
Trigger your target based on an event pattern, or based on an automated schedule.

O Event pattern

© Schedule expression

Schedule expression
Self-trigger your target on an automated schedule using Cron or rate expressions E Cron expressions are in UTC.

rate(1 day)

’ e.g. rate(1 day), cron(0 17 ? * MON-FRI *)

Lambda will add the necessary permissions for Amazon EventBridge (CloudWatch Events) to invoke your Lambda
function from this trigger. Learn more [ about the Lambda permissions model.

Canc’ . Add

2CHA| M E 2t=E5HH * AWS Lambda &4 * 7t OfY * SageMaker =E& * 2 A&t * FSxN * 2| ZX|E2(2
CIO|E{E AESIH 2 S5 S st HO|O|EEl RS T2 M 2H O 2 MHJESH = * SageMaker =ES
QIABA * EXNSOE ZEI0] HES XXl SfL|CL O|FHA tH ZHO| XA MEfE RX|ELICH

0|22 = MLOps 0| L2l JHUS 2Tt AH& M E DL
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Domino Data Lab 5! NetApp2| ot0|E2|E ZHE| E2tRE
MLOps

Domino Data Lab 3! NetApp2| st0|E2|E HE| 22} MLOps
Mike Oglesby, NetAppOllAl 2 K|l gtL|Ct

S H MA 2= ZZ[0| AIS KHEHSIO] H|ZL|AQF T2 MAE SIS QUELICE WEEA Al
X ARE met=s &0 7t BEU L 7|gS2 Chget X9, HlolH HE 3 22tRE
Lol H|E, 7tE8d B ds2 #d A &E3t7| floh 5to|E2| = EE| 222 E MLOps
Of7|EIX S xHEHSIA Qs

Domino Data Lab2| Domino Nexus= &8 MLOps M0 Z2[QIQZ A, E2IRE, X[ L= 2Ig|0|AL| B E
AFE S{AE oM C|o[E Itet A HAl 2 Y IEEE Ml £+~ JUSLICH 7| HA[Q| o|o|E st AILEE
SYotEE RHZ o oM 715, HiE 3 HLEHEY = JSLICH OFIEX| 2, NetApp2| o10[EE|E SEIRE
ClOJE 22| 7|s2 HI0|HE A Sl 2IX|2t &2teio] 2 S7hat & Z7H0l| GI0|HE 7INME = UEE

X| ¢ &LICE. Domino Nexus2t NetAppE H|0{Z26HH H|0|E{ 7HE40of| CHo &g EHa 10| 02 SZ 0l A
HIZEE FUSH o2 = USLICE CHA| Z6l, I 22} H|0|HE MAst ZARE SFo= MESUO =M
ClolE 7HQ! HE Hz 3 F30j| 2ot FHE E55HHM Al 232 e & AUSLCH

O] M2 21 2||0|A Kubernetes 22{AE{2F AWS(Amazon Web Services)HIA A3 E|= EKS(Elastic
Kubernetes Service) 22{AEHE E85t= E8 MLOps ZIEE Z2)|Q12 X St= A2 2 FLILCL

»,.l"""%. Domino Nexus
- - ;I‘ Enterprise hybrid cloud MLOps platform

Kubernetes Amazon EKS
Self-hosted cluster (VM or bare-metali) Native, fully-managed Kubernetes service

FlexCacha

SnapMirrar -
NetApp AFF with NetApp ONTAP ) Amazon FSx for NetApp ONTAP

I Data réplication/cache ; 5 ;
Cloud-connected all-flash storage | = =k Native, fully-managed storage service

NetApp BlueXP
Unified hybrid multicloud storage management and data services

Private Cloud . .

7= e

Domino H|O|E{

Domino Data Lab2 Fortune 100CH 7| 2| 20% O|A0| A2|5t= £| 00| AIE{Z2t0|= Al ZSEHES S| D2 A9
HIZLIAE X|22LICt Domino= Ci|O|E 1fst 20| Ji 5! £ S J145515H= SAI0| @ HHAAES
ZSIeL|CE DominoE AF2SHH ™ MA| 7|”S0| O LI2 &AES Jiest, o MANQl 22 xHufsty, O L2
XSS BtE= S CHSH EHA 2 £3E 4= AESLICH 20130 A2 =l Domino= Coatue Management, Great Hill
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NetApp BlueXP
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NetApp ONTAPS & X5HMA|Q

NetApp2| Z| & M|TH AE2|X| 22| AZEY0{2] ONTAP 9= 7|¥0| QIZ2tE JACiatstn S22t E K| |0 E
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* MZ2 ofZ2[Z|0| M1t S&: ONTAP2 7|& AE{ ZEt0]|= % X|Eote Qluetet St QII2tE A5t
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NetApp ONTAPE Amazon FSx

Amazon FSx for NetApp ONTAP= 2t Z2[d AWS MH|AZ N, NetApp2| 217] ONTAP I A|ARIS 7|Hto =

&[0 02 A X0| 1 &E 7HSSHH M50 R46tH SES I AER|X|E HSELICH ONTAPE FSX&
NetApp It A|ARIO| X3t 7|5, M5, 7|5 U API 22 2HSHA| 22| == AWS MH|AS| RIRF M =thaty 8l
ZrH M AgtetL|Ct

NetApp Astra Trident

Astra TridentE AH235HH ONTAP(AFF, NetApp FAS, Select, 22t E, NetApp ONTAPE Amazon FSx), Element
2T EQ||0{(NetApp HCI, SolidFire), Azure NetApp Files AH|A 5! Google Cloud 7|gt Cloud Volumes Service
Astra Trident= Kubernetes®t 7|2X O 2 EgtE|= CSI(ZH|O|L| AEZ|X| QIE{H|0|A) S8t 88X AER[X|

QA AE[O|HYLICE.

FHUE|A

Kubernetes= GoogleOll A 2 MAIH THES AA EAS Z4E|0[] A|AER|0|M ZESF O =, 94X CNCF(Cloud
Native Computlng Foundation)d[A] 2|5t J}ELICH Kubernetes= ZAH|0|L{ 2Lzl 0 S 2[AH[0| Mo 1%, 22| 9
37| &2 7|58 AHsete 4 QoM AE{I2t0| X SZ0|A X|HIZQI HE]|0|L] QAAER 0| ZHEQIL|C)

Amazon Elastic Kubernetes Service(EKS)

Amazon EKS(Amazon Elastic Kubernetes Service)= AWS 222 E2| 22|d Kubernetes AH|AQIL|LCE,
Amazon EKS= ZiH|0[L of[2F, oOfZ2[A|0|M 718M 22|, 22 AE H[0[H MZ& 3! 7|Et £ =S HHS=
Kubernetes ZIEE Z22l LE9| 71841 &S X522 = H2|LICH Amazon EKSE AHESHH AWS QI Z2}9)
DE M5, &EM, oHEM 9l 718 Mt AWS HIEZ U HOot MH|ARLe| EBtE &8 4 USLICEL

OI*L_||:|-

0| £2M2 Domino Nexus2| st0|E2|E HE| 22tRE YIAZE AHER 7|52 NetApp
HIO[E] MH|ARF Bt S¢tEl ofo|E2|E 22IRE MLOps EHES -TL:"Z. |-||:f. XEA|BE
LHE2 CtS EE HXSIYAIL.

M 94 JE P QlLICH

MLOps H|0f HH "Domino Nexus EfZ{ Domino KXot
Enterprise Al Z2HZ"

MLOps EZ HFE =& "Domino Nexus H|0|E{ Z&j|Q!" AWS, 2I2|0| A H|O[Ef HE{o]

U LT

2o3ojA HEE ZHE "FHUE[A" o BH "NetApp Astra 20| A H|O[E MIE
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Service(EKS)" 2 S| "NetApp
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39


https://domino.ai/platform/nexus
https://domino.ai/platform/nexus
https://domino.ai/platform/nexus
https://domino.ai/platform/nexus
https://domino.ai/platform/nexus
https://domino.ai/platform/nexus
https://docs.dominodatalab.com/en/latest/admin_guide/5781ea/data-planes/
https://docs.dominodatalab.com/en/latest/admin_guide/5781ea/data-planes/
https://docs.dominodatalab.com/en/latest/admin_guide/5781ea/data-planes/
https://docs.dominodatalab.com/en/latest/admin_guide/5781ea/data-planes/
https://docs.dominodatalab.com/en/latest/admin_guide/5781ea/data-planes/
https://kubernetes.io
https://kubernetes.io
https://kubernetes.io
https://docs.netapp.com/us-en/trident/index.html
https://docs.netapp.com/us-en/trident/index.html
https://aws.amazon.com/eks/
https://aws.amazon.com/eks/
https://docs.netapp.com/us-en/trident/index.html
https://docs.netapp.com/us-en/trident/index.html

74 94 JE LIt
i

o
2I0|A HjojH EHZF "NetApp AE2|X| o{Z2to|HA" 2
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S22 0| 2 E "NetApp ONTAPE Amazon FSx"  AX|st11
\I‘”"‘-:., Domino Nexus
= ;I\ Enterprise hybrid cloud MLOps platform
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Start a Job

Execution
FILE: main.py
ENV: Domina Sta

Compute Cluster
(optional)

Data

Data that will be mounted
NAME * DATA TYPE DATA PLANE = KIND 2
quick-start Dataset Local Project
image-data  EDV s — Nfs
Unavailable in selected Dataplane

Change your Hardware Tier to mount currently unavailable data.

NAME © DATATYPE DATA PLANE : KIND 2

e [ < o | EEER

Dominodi| CHA EE2 &%
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i: Starta Job X

° Execution Data that will be mounted
FILE: madel py
ENV: Domino Sta
NAME : DATA TYPE DATA PLANE 3 KIND :

° Compute Cluster

(optional) quick-start Dataset Project

Data image-data EDV Nfs

chatbot-data EDV rtp-ailab-kube02 Nfs

Unavailable in selected Dataplane
Change your Hardware Tier to mount currently unavailable data.

NAME © DATATYPE DATAPLANE ° KIND J

* Domino Hi|O|E{ &
"https://domino.ai"
e Ol dlMqA

"https://domino.ai/platform/nexus"
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$ sudo apt update
$ sudo apt install python3-pip
$ python3 -m pip install netapp-dataops-traditional

2. AAE VM E{0|20M 20k2%t = CHA| 218t Ct.

3. NetApp DataOps E7l2 7L AEIL|CL. 0] ':|'74|E 2t=5t2{ ™ ONTAP A|AEIO|| CHSE API M| A MIE HEIt
et AEE|X| 2E|XZFE 0[2{et HEHE H0o{oF & &= JUSLCL.

$ netapp dataops cli.py config

Enter ONTAP management LIF hostname or IP address (Recommendation: Use
SVM management interface): 172.22.10.10

Enter SVM (Storage VM) name: NVAIE-client

Enter SVM NFS data LIF hostname or IP address: 172.22.13.151

Enter default volume type to use when creating new volumes
(flexgroup/flexvol) [flexgroup]:

Enter export policy to use by default when creating new volumes
[default]:

Enter snapshot policy to use by default when creating new volumes
[none] :

Enter unix filesystem user id (uid) to apply by default when creating
new volumes (ex. '0' for root user) [0]:

Enter unix filesystem group id (gid) to apply by default when creating
new volumes (ex. '0O' for root group) [0]:

Enter unix filesystem permissions to apply by default when creating new
volumes (ex. '0777' for full read/write permissions for all users and
groups) [0777]:

Enter aggregate to use by default when creating new FlexVol volumes:
aff 2400 01 NVME SSD 1

Enter ONTAP API username (Recommendation: Use SVM account): admin
Enter ONTAP API password (Recommendation: Use SVM account) :

Verify SSL certificate when calling ONTAP API (true/false): false

Do you intend to use this toolkit to trigger BlueXP Copy and Sync
operations? (yes/no): no

Do you intend to use this toolkit to push/pull from S3? (yes/no): no
Created config file: '/home/user/.netapp dataops/config.json'

OO 2 AAE VM2 7|8o 2 VM HIZSIS MMsjof BfL|Ct o] HIZSIZ2 A5 NVIDIANGC AZEQ0E
AE5H7| 8 AIAE VME HEA Mg & JASL|CH

—

AAE VME 7|HI2 2 VM " ESIS dd5t2H VMware vSphere01| 2015t AAE VM O|F2 OIRA QER
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vSphere Client O

b Y

¢ vgpu-client-ubul

[ = o Summary  Monitor  Cc

—

v 172.22.10.100
v NVAIE Datacenter Guest OS:
7 Discovered virtual machine Lompatiiey
. - VMware Tool
s B3] vCLS Actions - vgpu-client-ubuntu2004
&% nis-1.1.0-bios 5& New VM fron};his Template... L
&Y sparkO1 5® Convert to Virtual Machine...
GF spark02 G¥ Clone to Template...
o :
G4 spark03 52 Clone to Library...
&' saL
Move to folder...
ch o
@ SQL-Linux Nanams
& ubuntu2004 %
_ t
vgpu-client-ubuntu?2
_ Tags & Custom Attributes » P
Vv Recent Tasks Alarms Add Permission...
Task Name v Targe¢ Alarms "
Delete virtual machine & Remove from Inventory |
Clone virtual machine & Delete from Disk |
| AN |
m Al v More Tasks Wa >
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CiojEl 2& 448 A ORE

O LS, W= Clo|H MES MEE M HIo[Ef 283 dHdlof RfLICt. NetApp DataOps £ AHESHH M H[0]
ZES M= 49E + ASLICL CHS olx BH2 80| 2TB?I 'imagenet 0|2t 0|52 =E8S 5= YHS
2o FLIC

$ netapp dataops cli.py create vol -n imagenet -s 2TB

HIO|E| 282 ClIoIE{ 2 M7| THof| AAE VM Lol OF2E8HOF BfLICt. NetApp DataOps £21S AHE3H0 T|O|E
ZES W= 0I2EE & ASLICL CHS old HZ2 o[ HAOM dest =82 22 S 20 SLCt

$ sudo -E netapp dataops cli.py mount vol -n imagenet -m ~/imagenet

Hole 282 MHELICH
M =85S Z2H|N ot 02 ES 20|= 22 (XM 1S Clo|E MEES 7IXetM M = &0l six]e = ASLICH.

ZEHOZ O] Y2 S3 L= Hadoop HIO[E] 2|0[20f| M CIOIEE /M= HYS +HotH, L0 w2t | ofE
AXILIo e =2S & ELIGt.

TensorFlow W& 22 AMHBIL|Ct

O|A| TensorFlow W& S AMaigh F=H|7t £ Y &LICt TensorFlow WS XH
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1. NVIDIA NGC 2E{Z2}0| = TensorFlow Z1E|0|L{ O|0|X|E 7}X-SL|C}.

$ sudo docker pull nvcr.io/nvaie/tensorflow-2-1:22.05-tfl-nvaie-2.1-py3

2. NVIDIANGC AE{Z 20| X TensorFlow ZAH|0[LH 2] QIAEAAE A|EBILICE -v' M ALESI H|0|H 2E&2
ZiH|O| o] HZBILICE.

$ sudo docker run --gpus all -v ~/imagenet:/imagenet -it --rm
nvcr.io/nvaie/tensorflow-2-1:22.05-tfl-nvaie-2.1-py3

3. ZE|0]A Lol M TensorFlow W& ZE2 M-S MAMSHL|CE CtZ of|K| EH2 0| 0|0|X|of ZEHEl ResNet-
50 23 ZZJO[ o Eof FLCt

$ python ./nvidia-examples/cnn/resnet.py --layers 50 -b 64 -i 200 -u
batch --precision fpl6 --data dir /imagenet/data

27t HHE B2 4 Y 9K
O 2 A0l ME 0| 2t XAIE LSS TS BAH WS B AO|ES HEHIAIL,
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AEZ|X| E2IO|HE AFRSILICE. ONTAPE FlexVol2t FlexGroup2l & 7IX| 7|2 H|0|E| 28 {82
X|IBtL|Ct FlexVol 252 37|= MIStE|0] JASLICHO| M| 2 A X[t 37|= EX 20| 2} CHS). ghH
FlexGroup 2&2 ZICH 20PB & 4 7 MUK MYMO = =hatet & OS2 H|0|E 22|E I
ZtASISH= Ch | UATH 0| A S Ml ZEtLICE. 2t FlexGroup 282 CH2FO| H|O|E{E AFRst= Al L ML
YIAZ=0f X A= QJUEL|Ct

22| Of|0|H 2 &St FlexGroup =& 4l FlexVol 2&2 A6t = 22, ONTAP-NAS-Flexgroup
AE2|X| E2I0|H CHA 'ONTAP-NAS' 2AE2|X| E2IO|HE AFE5H= Trident HAIES Mg &~ JU&LICH

$ cat << EOF > ./trident-backend-ontap-ai-flexgroups-ifacel.json

{

"version": 1,

"storageDriverName": "ontap-nas-flexgroup",
"backendName": "ontap-ai-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-ontap-ai-flexgroups-
ifacel.json -n trident

et ittt e e et T e
e fomm - fom - +
| NAME | STORAGE DRIVER |

UUID | STATE | VOLUMES |
et ittt L o
o tomm fom +

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

$ cat << EOF > ./trident-backend-ontap-ai-flexgroups-iface2.json
{
"version": 1,
"storageDriverName": "ontap-nas-flexgroup",
"backendName": "ontap-ai-flexgroups-iface2",
"managementLIF": "10.61.218.100",
"dataLIF": "192.168.12.12",
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"svm": "ontapai nfs",
"username": "admin",
"password": "ontapai"
}
EQF
$ tridentctl create backend -f ./trident-backend-ontap-ai-flexgroups-
iface2.json -n trident

Fommmmmmrmescrrrrrereemememos s
o - e fomm - +

| NAME | STORAGE DRIVER |

UUID | STATE | VOLUMES |

o o
B e o= Pommmmmm== +

| ontap-ai-flexgroups-iface2 | ontap-nas-flexgroup | 61814d48-c770-436b-
S9cb4-cf7ee661274d | online | 0 |

P essesesesss e e Rt
Fommmmmmmmesrrrrrrrre e reme s e mmm o Frommmmom= S e +

$ tridentctl get backend -n trident

it Rttt
Fommmmmmrmescrrrrrrr e reme s e e m o Frommmmom= Fommmmmmm= +

| NAME | STORAGE DRIVER |

UUID | STATE | VOLUMES |

Fommmmmmrosrocrrrrremememes e e e e
LB it P Fommmmmm== ¥

| ontap-ai-flexgroups-ifacel | ontap-nas-flexgroup | b74cbddb-e0b8-40b7-
b263-b6da6bdecObdd | online | 0 |

| ontap-ai-flexgroups-iface2 | ontap-nas-flexgroup | 61814d48-c770-436b-
9cbd-cflee661274d | online | 0 |

Fommemmmroscocrrrreee s ses e e e

LBt e et i Fommmmmm== 4

CESH St 0|M0| FlexVol X[ Trident “”0"':% MMdst= 20| ZSLICL H|O|H ME AEZIXIE
FlexGroup 2&2 AI2%t= A2 FlexVol 282 A8t 21, £3, C|HI ME S8 MY 2 UYSLICH
HH O:I

Flex\Vol 222 Al28l2{H oH_r 0| &+9| FlexVol X|¥ Trident ﬁ%E% MM stof °H-|Er ChE EEo o= T
C|O|Ef LIFE AM23H= tHY FlexVol X[ Trident HHIES MAsH= ZdQlL|Ct



$ cat << EOF > ./trident-backend-ontap-ai-flexvols.json
{

"version": 1,

"storageDriverName": "ontap-nas",
"backendName": "ontap-ai-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-ontap-ai-flexvols.json -n
trident

e ————— e ——————

o - e fomm - +

| NAME | STORAGE DRIVER | UulD
| STATE | VOLUMES |

o o

Tt it S ittt S iataintat +

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

e e i

fo———— +——— fom—— +

$ tridentctl get backend -n trident

e e o

fo——— +——— fo——— +

| NAME | STORAGE DRIVER | UuID
| STATE | VOLUMES |

fo————— - fmm
i e oo +

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

| ontap-ai-flexgroups-ifacel | ontap-nas-flexgroup | b74cbddb-e0b8-40b7-
b263-bodacdecObdd | online | 0 |

| ontap-ai-flexgroups-iface2 | ontap-nas-flexgroup | 61814d48-c770-436b-
9cbd-cf7ee661274d | online | 0 |

e e o
o R fom—— +

ONTAP Al =2 2% Kubernetes StorageClasses?2| 0

Trident2 AF2310] Kubernetes 22{AE L0 AEE|X| 2| AAE SHOZ
T 2H| XSt ™ HX StLt 0| 49| Kubernetes StorageCIasses% t'i’é3H0F StLICH CS
Ol d= ONTAP Al PODO| NetApp Al Control Plane M2 5% 2 MME £ 9l=
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&ot 2| StorageClassesE 2 FL|C}. StorageClassesOll CHet XtA[SH LHE R E
TSI AL "Trident A",

- NetApp2 MMoj| MMt 2t FlexGroup K| Trident B =0f| CHoH 8 9| StorageClassS MAE 212

HZEFSILICH "ONTAP Al HHEOH CHSE Trident B = of]", 1EHA|. 0|21t M|22tEl StorageClassesE ALE5HH
E73 LIF(Trident HAEE Hde ff X|Fet LIF)0] siE 5= NFS OH2EE StorageClass At Ihof| X|H &l
E3 WAl FIte S?ié'—ll:f CHS Ol|ld| BEE2 MMof| M E F ol WAl =0 st T 712
StorageClassesE Ydot= WHZ H0o| FELICH "'ONTAP Al HIZZOH| CHSE Trident BHAI= Off", 1A
StorageClassesOi| CHSE XtA[SH LIE2 £ EESHYAIL "Trident A"

I3 EE2 G PersistentVolumeClaim(PVC)O0| K| |0 = MJHlElIl AEE
2

CtS ofloll M = "Retain"2
"reclaimPolicy" 2f2 AFSELICE "7 A TEof| CHot XtAlst LB 2 34l 2 &

KRS AR "Kubernetes 2A1".

$ cat << EOF > ./storage-class-ontap-ai-flexgroups-retain-ifacel.yaml
apiVersion: storage.k8s.io/vl
kind: StorageClass
metadata:

name: ontap-ai-flexgroups-retain-ifacel
provisioner: netapp.io/trident
parameters:

backendType: "ontap-nas-flexgroup"

storagePools: "ontap-ai-flexgroups-ifacel:.*
reclaimPolicy: Retain
EQOF
$ kubectl create -f ./storage-class-ontap-ai-flexgroups-retain-
ifacel.yaml
storageclass.storage.k8s.io/ontap-ai-flexgroups-retain-ifacel created
$ cat << EOF > ./storage-class-ontap-ai-flexgroups-retain-iface2.yaml
apiVersion: storage.k8s.io/vl
kind: StorageClass
metadata:

name: ontap-ai-flexgroups-retain-iface?2
provisioner: netapp.io/trident
parameters:

backendType: "ontap-nas-flexgroup"

storagePools: "ontap-ai-flexgroups-iface2:.*
reclaimPolicy: Retain
EOF
$ kubectl create -f ./storage-class-ontap-ai-flexgroups-retain-
iface2.yaml
storageclass.storage.k8s.io/ontap-ai-flexgroups-retain-iface2 created
$ kubectl get storageclass

NAME PROVISIONER AGE
ontap-ai-flexgroups-retain-ifacel netapp.io/trident Om
ontap-ai-flexgroups-retain-iface? netapp.io/trident Om
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2.

3.

EESE M0 A MM Tt FlexVol X| @ Trident Bl =01 3HEStH= StorageClassE &= 20| Z&L|CH "'ONTAP
Al BHEOf| CHSF Trident 24 = Of", 2EHA. TS BE G0 A= FlexVol 2&0f| CHet tHe! StorageClassE
Mots 22 ol FLCH
LIS olo[ A= FlexVol X| & Trident BA =7} SHLITH M- E[RA 7| IHZ20f| StorageClass B2 IHU0| EX WA =T}
K™ X| &E&LICH KubernetesE AH25H0] O StorageClassE AF2st= 252 el AL Trident= 'ONTAP-
NAS' EZIO|HE At8%t= A8 Jhstt HAlES AFESHE{ 1 ehLCt.

$ cat << EOF > ./storage-class-ontap-ai-flexvols-retain.yaml

apiVersion: storage.k8s.io/vl

kind: StorageClass

metadata:

name: ontap-ai-flexvols-retain
provisioner: netapp.io/trident
parameters:
backendType: "ontap-nas"

reclaimPolicy: Retain

EQOF

$ kubectl create -f ./storage-class-ontap-ai-flexvols-retain.yaml

storageclass.storage.k8s.io/ontap-ai-flexvols-retain created

$ kubectl get storageclass

NAME PROVISIONER AGE

ontap-ai-flexgroups-retain-ifacel netapp.io/trident Im

ontap-ai-flexgroups-retain-iface? netapp.io/trident 1m

ontap-ai-flexvols-retain netapp.io/trident Om

CEStF xGroup E0f| cHSt Lut StorageClassE MM SH= A0| Z&LICE CHS o|X BE 2 FlexGroup =&0|

CHet thed 28t StorageClass £ ‘H4st= WHE 2o FLICL

StorageClass &2| Iof| & Al =7t X|™E|X| EUASLICH M2HM KubernetesE A5 O]
StorageClass= Al25t= 252 22| Iff Trident= 'ONTAP-NAS-Flexgroup' E2I0|HHE AtE3t=E AR
Js3t Mol == AFR ST SHLICh

= dAL—=
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$ cat << EOF > ./storage-class-ontap-ai-flexgroups-retain.yaml
apiVersion: storage.k8s.io/vl
kind: StorageClass
metadata:
name: ontap-ai-flexgroups-retain
provisioner: netapp.io/trident
parameters:
backendType: "ontap-nas-flexgroup"
reclaimPolicy: Retain
EQOF
$ kubectl create -f ./storage-class-ontap-ai-flexgroups-retain.yaml
storageclass.storage.k8s.io/ontap-ai-flexgroups-retain created
$ kubectl get storageclass

NAME PROVISIONER AGE
ontap-ai-flexgroups-retain netapp.io/trident Om
ontap-ai-flexgroups-retain-ifacel netapp.io/trident 2m
ontap-ai-flexgroups-retain-iface? netapp.io/trident 2m
ontap-ai-flexvols-retain netapp.io/trident 1m

Kubeflow 7+ =

O] MMOflM = Kubernetes 22| AE 0| KubeflowE #255t7| 2/dH 2t=sHof ot= X of| CHsh

LT
L4 A4 94
0| 4 Mofl 2OFEl HIE A2 +35t7| Mol o|0| CFS Xtelg MACID IHEBILICE,

1. Kubernetes ¢ 22{AE{7} 0|0] 2, Kubeflowd| A X|2/8t= Kubernetes HES AMslist 0 Q&LICE
XHEl= HH FE2 £ HZSHYAR "Kubeflow 4] ZA1".

2. of] ©H=I i 2 Kubernetes 22{AE0f| NetApp TridentE 0|0] AX| 8l LMHZMELIC} "Trident 725 S 724",

|

7|2 Kubernetes StorageClassS A& afL|Ct

KubeflowE +215}7| T0f| Kubernetes 22{AE L0l 7|2 StorageClassE K| &8 OF &L|Ct. Kubeflow HiZE
IZMAO|ME 7|2 StorageClassS AF25t0d M| @3 282 ZZ2H|XYE A|TELICL 7|2 StorageClassZ

X8 El StorageClass?t 1™ HYE 7} MIiBILICEH S2{AE LHOAM 7|2 StorageCIassE X|E6te{H b Ho
SAENAM CHS ZHA S 8stL|Ct 22{AH LHO|M 7|2 StorageClassS 0|0] X|H$t A0 0] THAIE ALHE £
UA&LICH

1. 7|& StorageClasses & StLIE 7|2 StorageClass= A|FeLICt CHS BES AHSHH 7|2 StorageClass2
ONTAP-ai-FlexVols-RetainO|2}= StorageClass?| X|& & L|C}.

ONTAP-NAS-Flexgroup Trident BAIE ¥ pvC 3 7|7} 0§ ELICL 7|2X O 2 Kubeflows=
()  =2717t% 6BYI PVCE m2H|xst2 1 AIZSLICE Tf2hA Kubeflow S5 908 “ONTAP NAS-
flexgroup" B = RS 7|2 StorageClassZ AF238t= StorageClass= X|HE 4= Q&LICt
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$ kubectl get sc

NAME

ontap-ai-flexgroups-retain
ontap-ai-flexgroups-retain-ifacel
ontap-ai-flexgroups-retain-iface?

ontap-ai-flexvols-retain

$ kubectl patch storageclass ontap-ai-flexvols-retain -p

PROVISIONER
csi.trident
csi.trident
csi.trident

csi.trident

.netapp.
.netapp.
.netapp.
.netapp.

io
io
io

io

AGE
25h
25h
25h
3s

'{"metadata":

{"annotations":{"storageclass.kubernetes.io/is-default-class":"true"}}}"'

storageclass.storage.k8s.io/ontap-ai-flexvols-retain patched

$ kubectl get sc

NAME

ontap-ai-flexgroups-retain
ontap-ai-flexgroups-retain-ifacel
ontap-ai-flexgroups-retain-iface?
ontap-ai-flexvols-retain (default

PROVISIONER

csi.trident.
csi.trident.
csi.trident.
) csi.trident.

NVIDIA DeepOpsE AtE35t0{ KubeflowE H{ZSHL|Ct

NVIDIA DeepOpsOilA| H|&5t= Kubeflow 8 E2
Kubernetes 22{AE 0| KubeflowS HjZEste{H™ HHE M1

@ = ofl 2t KubeflowS £SO 2 HIXE
I1|-'-5' L|C}

g s AL CHEX

$0

| X|&l" 2

O o

netapp.io
netapp.io
netapp.io
netapp.io

AGE
25h
25h
25h
54s

epOps 1% 2 AESIH
oHoI'L_l I:l-
Al Kubeflow £ A0 A

1. of w2t 2| AE0f| KubeflowS P ELICH "Kubeflow 73 X" NVIDIA DeepOps GitHub AFO| E 0| A

CH2ZEE 5= ASLICH

2. DeepOps Kubeflow 78 =70 A £&H35t= Kubeflow CHA|EE URLEZ

$ ./scripts/k8s/deploy kubeflow.sh -x

INFO[0007] Applied the configuration Successfully!

filename="cmd/apply.go:72"

Kubeflow app installed to: /home/ai/kubeflow

It may take several minutes for all services to start.

pods -n kubeflow' to verify

J|ZstLct,

Run

To remove (excluding CRDs, istio, auth, and cert-manager), run:
./scripts/k8s deploy kubeflow.sh -d
./scripts/k8s deploy kubeflow.sh -D

To perform a full uninstall

Kubeflow Dashboard (HTTP NodePort) :

3. Kubeflow LA H|O]A LHOf| B{ZEEl B E Pod0f|l 'Running’O|2H= 'Status’7t EA|E|=

LHOJl HHZZE 7 471 2F HEHO] AKX 42X
AFLICE

stols
| ZRIBtL|CE 2= PodE A&SH=H R 2 B

http://10.61.188.111:31380

X| &olsta

'kubectl get
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$ kubectl get all -n kubeflow

NAME

STATUS RESTARTS AGE
pod/admission-webhook-bootstrap-stateful-set-0
Running 0 95s

pod/admission-webhook-deployment-6b89c84c98-vrtbh

Running 0 91s
pod/application-controller-stateful-set-0
Running 0 98s
pod/argo-ui-5dcf5d8b4f-m2wn4

Running 0 97s
pod/centraldashboard-cf4874ddc-7hcr8
Running 0 97s
pod/jupyter-web-app-deployment-6850455447-gjhh7
Running 0 96s
pod/katib-controller-88c97d85c-kgg66
Running 1 95s
pod/katib-db-8598468fd8-5jw2c

Running 0 95s
pod/katib-manager-574c8c67f9-wtrf5
Running 1 95s
pod/katib-manager-rest-778857¢c989-fjbzn
Running 0 95s

pod/katib-suggestion-bayesianoptimization-65df4d7455-gthmw

Running 0 94s
pod/katib-suggestion-grid-56bf69f597-98vwn
Running 0 94s
pod/katib-suggestion-hyperband-7777b76cb9-9védg
Running 0 93s
pod/katib-suggestion-nasrl-77f6£f9458c-2qgzxg
Running 0 93s
pod/katib-suggestion-random-77b88b5c79-164739
Running 0 93s
pod/katib-ui-7587c5b967-nd629

Running 0 95s
pod/metacontroller-0

Running 0 96s
pod/metadata-db-5dd459cc-swzkm

Running 0 94s
pod/metadata-deployment-6¢cf£77db994-69fk7
Running 3 93s
pod/metadata-deployment-6cf77db994-mpbjt
Running 3 93s
pod/metadata-deployment-6cf77db994-xg7tz
Running 3 94s
pod/metadata-ui-78f5b59b56-gqb6kr

READY

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1



Running 0 94s

pod/minio-758b769d67-11vdr

Running 0 91s
pod/ml-pipeline-5875b9db95-g8t2k

Running 0 91s
pod/ml-pipeline-persistenceagent-9069ddd46-bt9r9
Running 0 90s
pod/ml-pipeline-scheduledworkflow-7b8d756c76-7x56s
Running 0 90s
pod/ml-pipeline-ui-79ffd9c76-fcwpd

Running 0 90s
pod/ml-pipeline-viewer-controller—-deployment-5fdc87f58-b2t9r
Running 0 90s

pod/mysgl-657£87857d-15k9z

Running 0 91s
pod/notebook-controller-deployment-56b4£59bbf-8bvnr
Running 0 92s

pod/profiles-deployment-6bc745947-mrdkh

Running 0 90s

pod/pytorch-operator-77c97f4879-hmlrv

Running 0 92s
pod/seldon-operator-controller-manager-0

Running 1 91s
pod/spartakus-volunteer-5fdfddb779-17gkm

Running 0 92s

pod/tensorboard-6544748d94-nh8b2

Running 0 92s

pod/tf-job-dashboard-56£f79c59dd-6w59t

Running 0 92s

pod/tf-job-operator-79cbfdedbc-rb58c

Running 0 91s
pod/workflow-controller-db644d554-cwrnb

Running 0 97s

NAME TYPE
CLUSTER-IP EXTERNAL-TP PORT (S) AGE
service/admission-webhook-service ClusterlIP
10.233.51.169 <none> 443/TCP 97s
service/application-controller-service ClusterIP
10.233.4.54 <none> 443/TCP 98s
service/argo-ui NodePort
10.233.47.191 <none> 80:31799/TCP 97s
service/centraldashboard ClusterIP
10.233.8.36 <none> 80/TCP 97s
service/jupyter-web—-app-service ClusterIP
10.233.1.42 <none> 80/TCP 97s
service/katib-controller ClusterIP

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

2/2

1/1

1/1

1/1

1/1

1/1

1/1

1/1
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10.233.25.226 <none> 443/TCP
service/katib-db

10.233.33.151 <none> 3306/TCP
service/katib-manager

10.233.46.239 <none> 6789/TCP
service/katib-manager-rest
10.233.55.32 <none> 80/TCP

service/katib-suggestion-bayesianoptimization

10.233.49.191 <none> 6789/TCP
service/katib-suggestion-grid
10.233.9.105 <none> 6789/TCP
service/katib-suggestion-hyperband
10.233.22.2 <none> 6789/TCP
service/katib-suggestion-nasrl
10.233.63.73 <none> 6789/TCP

service/katib-suggestion-random

10.233.57.210 <none> 6789/TCP
service/katib-ui

10.233.6.116 <none> 80/TCP
service/metadata-db

10.233.31.2 <none> 3306/TCP
service/metadata-service

10.233.27.104 <none> 8080/TCP
service/metadata-ui

10.233.57.177 <none> 80/TCP
service/minio-service

10.233.44.90 <none> 9000/TCP

service/ml-pipeline
10.233.41.201 <none>

service/ml-pipeline-tensorboard-ui

10.233.36.207 <none> 80/TCP
service/ml-pipeline-ui

10.233.61.150 <none> 80/TCP
service/mysql

10.233.55.117 <none> 3306/TCP
service/notebook-controller—-service
10.233.10.166 <none> 443/TCP
service/profiles-kfam

10.233.33.79 <none> 8081/TCP
service/pytorch-operator
10.233.37.112 <none> 8443/TCP

service/seldon-operator-controller-manager—-service

10.233.30.178 <none> 443/TCP
service/tensorboard
10.233.58.151 <none>
service/tf-job-dashboard

9000/TCP

8888/TCP,8887/TCP

96s
ClusterIP
97s
ClusterIP
96s
ClusterIP
96s
ClusterIP
95s
ClusterlIP
95s
ClusterIP
95s
ClusterIP
95s
ClusterlIP
95s
ClusterIP
96s
ClusterIP
96s
ClusterlIP
96s
ClusterIP
96s
ClusterIP
94s
ClusterlIP
94s
ClusterIP
93s
ClusterIP
93s
ClusterIP
94s
ClusterIP
95s
ClusterIP
92s
ClusterIP
95s
ClusterIP
92s
ClusterIP
94s
ClusterIP



10.233.4.17
service/tf-
10.233.60.32

<none> 80/TCP

job-operator

<none> 8443/TCP

service/webhook-server-service

10.233.32.167

NAME
TO-DATE

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

3

deployment.

1

deployment.

1

deployment.

1
deployment

AVAILABLE
deployment.

<none> 443/TCP
AGE
apps/admission-webhook-deployment
97s
apps/argo-ui
97s
apps/centraldashboard
97s
apps/jupyter-web-app-deployment
97s
apps/katib-controller
96s
apps/katib-db
97s
apps/katib-manager
96s
apps/katib-manager-rest
96s

apps/katib-suggestion-bayesianoptimization

95s
apps/katib-suggestion-grid
95s
apps/katib-suggestion-hyperband
95s
apps/katib-suggestion—-nasrl
95s
apps/katib-suggestion-random
95s
apps/katib-ui
96s
apps/metadata-db
96s
apps/metadata-deployment
96s
apps/metadata-ui
96s
apps/minio
94s
apps/ml-pipeline
94s

.apps/ml-pipeline-persistenceagent

94s

94s

87s

ClusterIP

ClusterIP

READY

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

3/3

1/1

1/1

1/1

1/1

UbP-
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84

1

deployment.

1
deployment
1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1

deployment.

1
NAME
DESIRED

93s
apps/ml-pipeline-scheduledworkflow
93s

.apps/ml-pipeline-ui

93s
apps/ml-pipeline-viewer-controller-deployment
93s
apps/mysqgl
94s
apps/notebook-controller-deployment
95s

apps/profiles-deployment
92s
apps/pytorch-operator
95s
apps/spartakus-volunteer
94s
apps/tensorboard
94s
apps/tf-job-dashboard
94s
apps/tf-job-operator
94s
apps/workflow-controller
97s
CURRENT READY AGE

replicaset.apps/admission-webhook-deployment-6089c84c98
1 1 97s
replicaset.apps/argo-ui-5dcf5d8b4f

1 1 97s
replicaset.apps/centraldashboard-cf4874ddc
1 1 97s

replicaset.apps/jupyter-web-app-deployment-685b455447
1 1 97s
replicaset.apps/katib-controller-88c97d85c

1 1 96s
replicaset.apps/katib-db-8598468fd8

1 1 97s
replicaset.apps/katib-manager-574c8c67f9

1 1 96s
replicaset.apps/katib-manager-rest-778857c989

1 1 96s

replicaset.apps/katib-suggestion-bayesianoptimization-65df4d7455

1 1 95s
replicaset.apps/katib-suggestion-grid-56bf69f597

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1

1/1



1 1 95s
replicaset.apps/katib-suggestion-hyperband-7777b76cb9
1 1 95s
replicaset.apps/katib-suggestion-nasrl-77f6£9458c

1 1 95s
replicaset.apps/katib-suggestion-random-77b88b5c79

1 1 95s
replicaset.apps/katib-ui-7587c5b967

1 1 96s
replicaset.apps/metadata-db-5dd459cc

1 1 96s
replicaset.apps/metadata-deployment-6¢cf77db994

3 3 96s
replicaset.apps/metadata-ui-78f5b59b56

1 1 96s

replicaset.apps/minio-758b769d67

1 1 93s
replicaset.apps/ml-pipeline-5875b9db95

1 1 93s
replicaset.apps/ml-pipeline-persistenceagent-9b69ddd4o
1 1 92s
replicaset.apps/ml-pipeline-scheduledworkflow-7b8d756c76
1 1 91s
replicaset.apps/ml-pipeline-ui-79ffd9c76

1 1 91s
replicaset.apps/ml-pipeline-viewer-controller-deployment-5£fdc87£58
1 1 91s

replicaset.apps/mysqgl-657£87857d

1 1 92s
replicaset.apps/notebook-controller-deployment-56b4£f59bbf
1 1 94s
replicaset.apps/profiles-deployment-6bc745947

1 1 91s
replicaset.apps/pytorch-operator-77c97£4879

1 1 94s
replicaset.apps/spartakus-volunteer-5fdfddb779
1 1 94s
replicaset.apps/tensorboard-6544748d94

1 1 93s
replicaset.apps/tf-job-dashboard-56£79c59dd

1 1 93s
replicaset.apps/tf-job-operator-79cbfdedbc

1 1 93s
replicaset.apps/workflow-controller-db644d554
1 1 97s

NAME READY

AGE
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statefulset.apps/admission-webhook-bootstrap-stateful-set 1/1 97s

statefulset.apps/application-controller-stateful-set 1/1 98s
statefulset.apps/metacontroller 1/1 98s
statefulset.apps/seldon-operator-controller-manager 1/1 92s

$ kubectl get pvc -n kubeflow

NAME STATUS VOLUME

CAPACITY ACCESS MODES STORAGECLASS AGE
katib-mysqgl Bound pvc-b07£293e-d028-11e9-9b9d-00505681a82d
10Gi RWO ontap-ai-flexvols-retain 27m
metadata-mysqgl Bound pvc-b0f3f032-d028-11e9-9b9d-00505681a82d
10Gi RWO ontap-ai-flexvols-retain 27m
minio-pv-claim Bound pvc-b22727ee-d028-11e9-9b9d-00505681a82d
20Gi RWO ontap-ai-flexvols-retain 27m
mysgl-pv-claim Bound pvc-b2429afd-d028-11e9-9b9d-00505681a82d
20G1i RWO ontap-ai-flexvols-retain 27m

- @ HEtRMOo|M 2EA0M 7| Z8l = URLEZ 0| S50 Kubeflow £ CHA| 2 =01 M| ARFL|CE,

7|2 AMEXL 0|2 admin@kubeflow.org, 7|12 &S = 123412341 L|C} 7t AFEXIE MMst2H of X|&S
M2 M AL "Kubeflow S4] 2 A",


mailto:admin@kubeflow.org
https://www.kubeflow.org/docs/components/multi-tenancy/
https://www.kubeflow.org/docs/components/multi-tenancy/
https://www.kubeflow.org/docs/components/multi-tenancy/
https://www.kubeflow.org/docs/components/multi-tenancy/
https://www.kubeflow.org/docs/components/multi-tenancy/

® ® " baflow Central Dashbosrd % +

¢erco

@ Not Secura | 10.61.218.137:3138

;'f: Kubeflow P Select numespace =

Quick shortcuts

" Upload a pipefing

4 View all pipeline runs

4 Frea!e .l new Notebiook server
+ qu.h.\. Eaiih Studies

4 Wiew Metadata Artifacts

Kubeflow Xt 3! ZHd o

O] MM M= KubeflowS AFE26H0] Lsist

Kubeflow Z¢f 5! 2t of
0| MMM = KubeflowZE AF28I0] $alist

CllOfEf nfetX} Eo= THERL AES ¢

|'|JII

Kubeflow= MZ2 Jupyter Notebook A{H

= Al
= L7

Lashboard Activity

Recent Notebooks

Recent Pipelines

o [Sample] Basic - Exit Handler
o [sample] Basic - Conditional exesution
5 {Sample] Bagic - Parallel execution

ot [Sample] Basic - Sequential execution

o [sample] ML - TFX - Taxi Tip Pradiction.

Recent Pipeline Runs

o

Documentation

E‘.n-tllmg Slur?ed with Ku.l:,nflr:!w
HTHI‘F
ljilztnica-sll::r.l(:llheﬁuw
Mln:mruelfnr K\.Ilbulluw
Itu-hr:ﬂu\:u unlﬂ[:P

Hubeﬂm.-u an..l\ws

Requirernents for Kubeflaw

$t Jupyter Notebook WorkspaceS H|&%L|Ct

817 =2 5t0] Blo|Ef BBt} =

27t AE2 o 4 UALICEH Kubeflow?t EH MEZL Jupyter Notebook AHS

EEHIH'-' 2™ CHS XS
et XbMlSt LHE2 & X

—

1. Kubeflow S CHA|E=0f|A 7|2 0|52 Notebook ServersS

O|SELICt.

4

4

)

[

SfLICY.

SfLICY.

2HBHL|CE Kubeflow ZEIAE LHQ| Jupyter NotebooksOi|
} IA|2 "Kubeflow &4 £ A",

2215104 Jupyter Notebook At 22| H[O|X| 2
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® e {7 Kubeflow Central Dashboard  x +

e C {t @ NotSecure | 10.61.218.131:31380/?ns=kubeflow

:& Kubeflow (P kubeflow-anonymous ~
F

Quick shortcuts

4 Upload a pipeline

Pipelines

+ View all pipeline runs

Pipelines

'f Create a new Notebook server

Motebook Servers

* View Katib Studies
Katib

View Metadata Artifacts

Artifact Store

2. New Servers 22!5t0{ A Jupyter Notebook AMHHE T ZH|X'dBtL|Ct,
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L {7 Kubeflow Central Dashboard % +

<« > C { @ NotSecure | 10.61.218.131:31380/_/jupyter/?ns=kubeflow-anc

= {E; Kubeflow @ kubeflow-anonymous ~

Notebook Servers -+ NEW SERVER

Status Name Age Image CcPU Memory Volumes

3. M Mt{2] 0|E & XMk, MHE 7[8tO 2 & Docker O|0|X|E MEfSt IS, AHO|A 0f|2FE CPU2I RAM2|
AS X HELIC HYAHO|A BETH|O s 22 HOIX| HE|Z2| WY AHO|A ME H7E AHESHO]
HIYAHO|A S MEHSILICE 12{H Namespace 2 =7t ME o H[QJATO|AZ Xt M EL|CE.

CHS 0|0l A= kubeflow-anonymous U AT O] AT MEHEILICE S Docker O|O|X|, CPU 3! RAMO| CHat
71248 AT 2 JSLICL
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L {7 Kubeflow Central Dashboard % e

&€ =5 C ft A NotSecure | 10.61.218.131:31380
= {Eo‘ Kubeflow @ kubeflow-anonymous ~
B Name

Specify the name of the Notebook Server and the Namespace it will belong to

Narme Mamespace
mike kubeflow-anonymous
@ Image

A starter Jupyter Docker Image with a baseline deployment and typical ML packages.

[} Custom Image

Image

ger.io/kubeflow-images-public/tensorflow-1.13.1-notebook-cpu:v0.5.0 x

3 CPU / RAM

Specify the total amount of CPU and RAM reserved by your Notebook Server. For CPU-intensive workloads, you can choose
more than 1 CPU (e.g. 1.5).

CPU Memaory

0.5 1.0Gi

4. T 37t 2E MR MEE XIMHELICEL M 2 ES YAsH7| 2 MEiSt A2 7|2 StorageClassE AHESH0] sl
28 E= PVC7t Z2H|X'J EL|C}. TridentE AtE3t= StorageClass?t M40i X 7|2 StorageClass2
XHERA7| 2ULICH "Kubeflow 75", & E£= PVCE TridentE A6t T2H| MY ELICE O] 2&2
Jupyter Notebook Server ZAE|0|L] LHQ| 7|2 XtH ZZtO 2 XAH5OZ O EEILICH ALE X7} MO A HEQ|
ClolEe 280 MEEX| g2 Mt HI7|&HE o] &Y EH =800 AI52E MEELICE M2t THEE Ao
T ES0| fX|ELICH

E Workspace Volume

Configure the Volume to be mounted as your personal Workspace.

[C] Don't use Persistent Storage for User's home

Type Name Size Mode

New o workspace-mike 10Gi ReadWriteOnce ¥

S. H|O|Ef 2§ F7ILICt CF2 Of|ol| M= 'PB-FG-ALL'O|2H= 7| & PVCE X|Est1 7|2 OIRE XS
HELIC.
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am Data Volumes

Configure the Volumes to be mounted as your Datasets.

- ADD VOLUME
Type MName Size fode Mount Paint
Existing ed pb-fg-all 10Gi ReadWriteOnce ¥ /home/jovyan/data-vol-1 &

-

6. * ME{ ALY * fSh= 20| GPUE ES M| 2Eot=S BTt CHS ool M= GPU 1717F @ M E LT

= Configurations

Extra layers of configurations that will be applied to the new Notebook. (e.g. Insert credentials as Secrets, set Environment
Variables.)

Configurations v

07 Extra Resources

Specify extra resoucres that might be needed in the Notebook Server.

@) Enable Shared Memory

Extra Resources *

{"nvidia.com/gpu": 1}

Extra Resources available in the cluster (ex. NVIDIA GPUs)

=3 -

7. NZH 2 221510 M| tES MHE TZ2H|XJEL|Ct,
8. ig% X7t tF S| Z=H|E uf7tx| Z|CHIL|CH XSt Docker O|0|X|E ARSI ANHE TEH|XHSHX| &2

2 O[0[X|E LI22E80FotEZ R 2 FE 2E 5 UASLICE M7} 2bH5| Z2H|X'JE|H Jupyter
Notebook M 22| H[O|X| Q] ey °a"01| =M %.*C.’J HA|ZF LIEFELICE,
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{7 Kubeflow Central Dashboard x +

£+ A NotSecure | 10.61.218.131:31380/_/jupyter/?ns=kubeflow-anonym

= {E.‘ Kubeflow ¥ kubeflow-anonymous ~

Notebook Servers -+ NEW SERVER
Status Name Age Image CPU Memory Volumes
Q mike 12 mins ago tensorflow-1.13.1-notebook-cpu:v0.5.0 0.5 1.0Gi : CONNECT i'
9. HAS 22/5l0{ M Mt & QIE{m|o| A0 HAZATILICE
10. 6EHA[0IAM X3t HIO|E ME S EO| MOl OFREERY=X| &IBtLICt 0| 282 7|2XNeR 7|2 &Y 37

F

LHoll D2 EEILICEH ARt ZEO|M 0|42 X JH Lol LHE ZHY ‘—’-‘1?=I|—IEf met ME It ol Tl Ol
SRRl A8 AHE Ol 282 AMEolY| ?Ie AE2[X| HE XAME ER/E BRI} gL

{7 Kubeflow Central Dashboard Home

{3 @ Not Secure | 10.61.218.131:31380/notebook/kubeflow-anonymous|

:__“' jupyter

Files Running Clusters

Select items to perform actions on them. Upload | Neww || &

Do |~ | m¢f Name ¥ Last Modified File size

— [ data-vol-1 a day ago
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[ N {7 Kubeflow Central Dashboard data-vol-1/

< C { @ NotSecure | 10.61.218.131:31380/notebook/kubeflow-anonymous/
— Jupyter Quit
Files Running Clusters
Select items to perform actions on them. Upload | New - | &
1o | ~ | B/ data-vol-1 MName ¥ Last Modified File size

.. seconds ago

| [ blas_folder 2 months ago
— [ collected_trace 2 months ago
— [ container 3 months ago
— [ datasst 5 hours ago
| [ fio_test 3 months ago
| [ parabricks 7 months ago
- O banking.csv amenthage  4.88 MB

E{D|YS ST 5E20lA A 2E0| EE|QICHD JFHSLT of -hS Alssto] MZS Trident M2 7 280| 7|2
xtol R7to2 OFREE| Q=X StolstLit,

712 HY 2 ClAEE| = MHQ| @ QAEH 0| A0 XS UMAY w] HA|Z|E= 7|2 CI2UE 2| QLT w2t #
2l E AH83t0] M Mot OtE|ME & Trident?}t M3sts 7 &0 XMEELICH

F
m
=
=)
[>

data-vol-1/

ﬂ- (D Not Secure | 10.61.218.131:31380/notebook/kubeflow-anonymous/

=
_ Jupyter Quit
Files Running Clusters
Select items to perform actions on them. Upload |New~| &
— -/ Motebook:
o data-vol-1 Name ¥ ]
T Python 2
O.. Python 3
—) [ blas_folder Ol
) [ collected_trace Text File
— Foider
| L comtainer n
Terminal
) [ datasst 5 hours ago
- [ fio_test 3 months ago
—| [ parabricks ¥ months ago
- [ banking.csv amonthago 4.88 MB
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{7 Kubeflow Central Dashboard X . data-vol-1/ x »>— 10.61.218.131:31380/notebook X =+

N —

ot Secure ,61.218.131:31380/notebook/kubeflow-anonymous/mikeft... a = & A [ H
A Nots 10.61.218.131: 31380/ kfkubef mike/! w [ - | .

' Jupyter

$ df -h

Filesystem Used Avail

Use% Mounted on

overlay 3826
9% /

tmpfs 64M
0% /dev

tmpfs 252G
0% /sys/fs/cgroup

/dev/sda2 382G
0% = oo

192.168.11.11:/trident_pvc_3dcfe7e5_d5a9_11e9 9b9d 00505681a82d lO:J

1% /home/jovyan
mpis
0% /dev/shm
192.168.11.11: /pb_£g_all
100% /home/jovyan/data-vol-1
tmpfs
1% /run/secrets/kubernetes.io/serviceaccount
tmpfs
1% /proc/driver/nvidia
tmpfs
1% /run/nvidia-persistenced/socket
udev
0% /dev/nvidia5
tmpfs
0% /proc/acpi
tmpfs
0% /proc/sesi
tmpfs
0% /sys/firmware

1

12. 0|2 S AFE2310{ NVIDIA-SMIE A3isto] SHIE {9 GPUZ} ES MHO| EEEJ =X
9l

ofloflM= 7EHAOIM E}TE CHZ SHLtel GPUZ ES M| ZE = ASLIC

200 {i" Kubefiow Central Dashboard = x — Home b _ 10.61.218.131:31380/notebook X +

C {t A NotSecure | 10.61.218.131:31380/notebook/kubeflow-anonymous/mikeft.. w @ a4 u B @&
— Jupyter

$ nvidia-smi
Fri Sep 13 13:52:15 2019

NVIDIA-SMI 410.104 Driver Version: 410.104 CUDA Version: N/A
ey - =t ———
Persistence-M| Disp.A | Volatile Uncorr. ECC |
Temp Perf Pwr:Usage/Cap)| Memory-Usage | GPU-Util Compute M.

——— —— —— —— —-—

Tesla V100-SXM2... On | 00000000:86:00.0 Off |
PO 46W / 300W | OMiB / 32480MiB | 0%

———— ==t

Type Process

No running processes found




Ol %l ™A 271% & mto|zafel

E Z=IgLICt "Kubernetes& NetApp H[0|E 1tsl E31" Kubeflow2t SH A& S 4= JUSLICE
Kubeflow2} 271 NetApp Data Science Toolkite At23HH CHS ot 22 O|™0| &L,

* Of|0|E{ &A= Jupyter Notebook LHOIA =& 112 NetApp HIO|E 22| HHS £l £ ASL|CH
* 115 NetApp HIO|E 22| 2P 2 Kubeflow IHO|Z2}Ql Z2{|QJYIE ALESHH AtSStE |ITEER0 S =
UAFLICE.

2 XA "Kubeflow 0" Kubeflow 7|8t E2] AFE0]| CHSE XtAM| Tt LHE-2 NetApp Data Science Toolkit
GitHub 2|ZX|E2| & & XSHMAIL.

Apache Airflow Deployment

KubernetesCHIH Apache AirflowE A&5t= 20| ZSLICE O] M40 M= Kubernetes
= Aol cHs dEetL|Ct

@ Kubernetes 0|2|2| SaHE0| 27| SES HHEZ Y 2~ R SLICL Kubernetes?} Ottl CHE EEHE0| 27|

I
(=]
SES HiESt= A= 0| £8M

L4 34 94
O] 0]l ROFEI HIE HES 48ot| Fof 0|0 CHS Erele $3CD JHyBHLICY,

1. Kubernetes 22{AE{ 20| o|0| 1% FiL|Ct.
2. "NetApp Trident HHZE S 4" MMoj| HHE L2 Kubernetes 22{AE 0l NetApp TridentE 0]0] &X| 5
IMBMALIC

Hof HXIE EX|gLict

Kubernetes®| |8 I7|X| O{L| X2l HelmE AtESIY] 37| SEE #HRYLICL 37| SES HiX[SH7| TOof| HHE HI
SAEO| HelmS MX|s{{of BtL|Ct HHE MIT SAEQ| HelmS MX|st2{H of M2 M A "AX| X|E" Z4l Helm
2A1.

7|2 Kubernetes StorageClassS & gfL|Ct

37| &2 #&517| ™ol Kubernetes 22{AF L{O|A 7|2 StorageClassE X|ds{0f FL|LCt. Airflow HfZE

T2 MNAE 7|2 StorageClassE AFE5H0] M 7 282 T2H|XHS A TEILICE 7|2 StorageClass2 x| ™=l
StorageClassZt g1 HYZ It MINSILICtH S AF LHO|M 7|2 StorageCIassE X|™st2™ Mo dHE X|ES
MEHAL "Kubeflow 715", 22{AE LHO|A 7|2 StorageClassE 00| XMt A0 = 0| HHAE HAHE =
O|A|_| |:|-.

Helm= ArE3t0 37| SES TIHSHYAIR
HelmS AFE3H0 Kubernetes 22{AE0| 37| SES BIESHH HE HI SAE0|M LIS ZYS +HSHHA2.
1. 0f f[fEf QEQE 37| SES THSHI AR "HH I X[E" Artifact Hub2| 34 S7| S8 =HYLICL Ot B o=
H

HXIE 2 FL|Ct gt at fst= 40 [[faf Qo w2t 'custom-values.yAML'
ﬂf°'01|*‘| w@ —’F—’g, F7t /= WHAAELICE
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https://github.com/NetApp/netapp-data-science-toolkit/tree/main/Kubernetes/Examples/Kubeflow
https://github.com/NetApp/netapp-data-science-toolkit/tree/main/Kubernetes/Examples/Kubeflow
https://helm.sh/docs/intro/install/
https://helm.sh/docs/intro/install/
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https://artifacthub.io/packages/helm/airflow-helm/airflow
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https://artifacthub.io/packages/helm/airflow-helm/airflow

$ cat << EOF > custom-values.yaml
FHAFH A H A
# Airflow - Common Configs
iigdstassiasatdaaaEE AR EEEEEEEE
airflow:
## the airflow executor type to use
#4
executor: "CeleryExecutor"
## environment variables for the web/scheduler/worker Pods (for
airflow configs)
#4
#
FHASH A H AR
# Airflow - WebUI Configs
FHAFH A H AR H SRS RS HH
web:
## configs for the Service of the web Pods
##
service:
type: NodePort
FHAFHHEHSH A AR A H SRR AHSHRES S
# Airflow - Logs Configs
FHAFH A H AR
logs:
persistence:
enabled: true
igdstagsstdadataaaa AR AR AELEREEER
# Airflow - DAGs Configs
FHAFHHEHHH AR A AR AR 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
EQF
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:
export NODE PORT=$ (kubectl get --namespace airflow -o
jsonpath="{.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://$NODE_IP:$SNODE_ PORT/

2. Open Airflow in your web browser

N
H
rin
)]

7]

[oF
Ol

EEJH A SQIX| efQlgtL|ct. 2= PodE AlZSH= Ol R & @k 23 =+ ASLICL

$ 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-59c94db9c5-z7rg4 1/1 Running 0 2h
airflow-worker-0 2/2 Running 2 2h
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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://SNODE_IP:SNODE_PORT/

4. Airflow B MH|AO| HMAZ 4= U=X] oletL|Ct.

@ X i - DAGE ®* +

C O & NotSecors:| 10.6.186.112: 30366 /admin/
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J|= 222 I SL

Kubernetes 22{AE L{2| Z4E|0|LH0)| OFR2EE NetApp AEE|X| A|AE/ZHE0| 7|ZE 20| UX|TH SHAE 9
PVCe HZE|X| t2 AR 0[2{3t 252 7HX2tof TILICE Trident 25 71 R27| 7|52 A2t 0[2{3t 25
7t 2 4 JA&LICt

CHS Of|lx| HE2 MMl ofof| A M=l 2t Trident BAl=0f| CHol| ST 2&("PB_FG_ALL"0|2t= 0|8)2 & H
I = {4 Ho| FLICH"ONTAP Al HiZoi| CHSH Trident HHll = CHA| 22 282 0l2{tt WAOE = H
7t MMo| dHEl 2 of2{ LIFOIM 25 (71Z FlexGroup 28)2 042] H O2E S 4= Q&L|CH "'ONTAP Al
HHZZ O] CHSE Trident BHAI= Of]", 1CHA| PVCO| CHSE XEAM|SH L2 2 £ XS A|R "Kubernetes 24 2A". 28
7tH27| 7|50l chet XtM[et 22 E HESHIAIL "Trident &A1".

ufn

Ja
vl
OF

o[l PVC 74 M 0f|= 'ReadOnlyMany’2| 'accessModes' 20| X|IHE|0| QJL&L|C. 'accessMode' ZE0]| CHEt
XHMlet LI82 E HESHYA|IR "Kubernetes S4] E A",

LIS 77| EEof| XIHE A= 0|2 MMO| of|x[of| A Aot il =0 siEHefL|CH "ONTAP Al

@ HYZZOff CH2E Trident BRI = off", 1EHA|. CHS OlA| PVC E2| T of| X|'HEl StorageClass 0|2
MM ol of||0f| A 2HE StorageClassesOll SHEEILICH "ONTAP Al 752 2[2F Kubernetes
StorageClasses2| o', 1EtA|.

$ 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
EQF
$ tridentctl import volume ontap-ai-flexgroups-ifacel pb fg all -f ./pvc-
import-pb fg all-ifacel.yaml -n trident

o fomm
o fomm -

e it fomm - pomm - +

| NAME | SIZE | STORAGE CLASS

| PROTOCOL | BACKEND UUID | STATE |
MANAGED |

e atata e TR tomm
e fomm -
it pomm pom - +

| default-pb-fg-all-ifacel-7d9f1 | 10 TiB | ontap-ai-flexgroups-retain-
ifacel | file | b74cbddb-e0b8-40b7-b263-b6dabdecObdd | online | true
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$ cat << EOF > ./pvc-import-pb fg all-iface2.yaml
kind: PersistentVolumeClaim
apiVersion: vl
metadata:

name: pb-fg-all-iface?2

namespace: default
spec:

accessModes:

- ReadOnlyMany

storageClassName: ontap-ai-flexgroups-retain-iface?
EQOF
$ tridentctl import volume ontap-ai-flexgroups-iface2 pb fg all -f ./pvc-
import-pb fg all-iface2.yaml -n trident

o tomm
o pom -
e tomm fom +

| NAME | SIZE | STORAGE CLASS

| PROTOCOL | BACKEND UUID | STATE |
MANAGED |

o e
e pomm -
- tomm fom +

| default-pb-fg-all-iface2-85aee | 10 TiB | ontap-ai-flexgroups-retain-

iface2 | file | 61814d48-c770-436b-9cbd4-cf7ee661274d | online | true
|

e fom——————
o fom -

e e fom - +

—_ o
o Fommm -
- e - +

| NAME | SIZE | STORAGE CLASS

| PROTOCOL | BACKEND UUID | STATE | MANAGED |
- R it

——_—— = R

o fomm - fomm - +

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

|

| default-pb-fg-all-iface2-85aee | 10 TiB | ontap-ai-flexgroups-retain-
iface2 | file | 61814d48-c770-436b-9cbd-cf7ee661274d | 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
pb-fg-all-iface2 Bound default-pb-fg-all-iface2-85aee
10995116277760 ROX ontap-ai-flexgroups-retain-iface? 25h

M 288 T2H| NI Ct

TridentE AFE3H0] NetApp 2E2|X| A|AH L= ZEEO|M M 2 ES ZEH|HIY £+ JSLICE CHE HE
ololA= M FlexVol 282 Z2H|XY S E0{ FLICt. O] o[X|of|AM= MM of| Mo A BHE StorageClass £
A8t 282 T2H|NIELICH "ONTAP Al 732 2|% Kubernetes StorageClasses2| Of|", 2HA|.

Lt PVC A9l mtoj|= ReadWriteMany 2| accessModes 20| X| ™ |0 AELICE ‘accessMode' Z=0f CH$t
XM|Et LI 2 & BXSHAIR "Kubernetes 54 E A"
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$ cat << EOF >
kind:
apiVersion:

./pvc-tensorflow-results.yaml
PersistentVolumeClaim
vl
metadata:
name: tensorflow-results
spec:
accessModes:
- ReadWriteMany
resources:
requests:
1G1i
storageClassName:
EQOF
$ kubectl create -f
persistentvolumeclaim/tensorflow-results created

storage:

ontap-ai-flexvols-retain
./pvc-tensorflow-results.yaml

$ 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
pb-fg-all-iface2 Bound default-pb-fg-all-iface2-85aee
10995116277760 ROX ontap-ai-flexgroups-retain-iface? 26h
tensorflow-results Bound default-tensorflow-results-
2£d60 1073741824 RWX ontap-ai-flexvols-retain
25h
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(D 0| MM0j M= Kubernetes 2 AE{ 0| A Alota{ 1 5h= EF AI S ML 92 2ES 0[0]
ZEf| 0|43} (Docker ZIE|O|L HA)MCHT JHE LIt

|= ImageNet Cl|O|E{ MIEE AE3t= TensorFlow HIX|

03 Y32 =0 Ciet Kubernetes ¢
ELICt ImageNet H|0|E] *ﬂEOﬂ CHet XEMIBt LHE 2 E &6

AR "ImageNet & AIO|E".

HI o
82

2 E7tel GPUE @80192 w7} 0ol GPUE 21 18 GPU TR ColM Hate » Sl
S g7l 0|M9| GPUS 2 BiRt l-C7t QAL X T2 Y2ZES AFg B9l 22{Aof
4+ ABLICL 0] 39 Y SR =ES AFSE & US WXl MY B2 3 Y2 KA LIC,

CESt AER|X| CHEEZ Z[Ci2tsty| o BR3Pt WS H0|E7E E0 A= = 0| 0] &Y IH MMEl= POD Lo
T HOREELIC ZE0|E CHE S80| OREELICL O] &= ¥ 282 Zot & HEZE HESH= O

AL EILICE o|2{3t M2 PVC 0|2 AF26H0] =Y ™o|o|A| ZZ=EILICt Kubernetes IHH01| CHot XEMISH
LH2e E AESHIA|R "Kubernetes =41 2A{".

O] o[ A| ZH0| MMSt= EE2| /devishmOi| Memory2| midium Zt2 7tEl emptyDir E&0| A& EICt Docker
g0l HEIRJE Sl A2 =2 HHE|= /dev/shm' 7t 22 7IE =PIES TensorFIow9| 7 Argtol| H|sH
2 = AELICH OH2 of|x[et 20| "emptyDir" %%% OIRESHH 29| 2 "/dev/ishm" 714 2E0|
HZEILICE 'emptyDir' 2801 it XEMISH LI 2 £ A& TSHUA|R "Kubernetes =241 2 A(",

O| Gild| 2t Molof| X[ =l T+ Z1E|0| L= 'ecurityContext > privileged' 2f0| 'true’2 X|™EILICt. O] 2t
ZAH|O|H7t S AEO| Ciot FE HNA Hotg MO 2 JHX| 1 JASS 2|0|-L|Ct o] 32 AdlE|= E’“
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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:

103


http://www.image-net.org
http://www.image-net.org
http://www.image-net.org
http://www.image-net.org
http://www.image-net.org
https://kubernetes.io/docs/concepts/workloads/controllers/jobs-run-to-completion/
https://kubernetes.io/docs/concepts/workloads/controllers/jobs-run-to-completion/
https://kubernetes.io/docs/concepts/workloads/controllers/jobs-run-to-completion/
https://kubernetes.io/docs/concepts/workloads/controllers/jobs-run-to-completion/
https://kubernetes.io/docs/concepts/workloads/controllers/jobs-run-to-completion/
https://kubernetes.io/docs/concepts/storage/volumes/
https://kubernetes.io/docs/concepts/storage/volumes/
https://kubernetes.io/docs/concepts/storage/volumes/
https://kubernetes.io/docs/concepts/storage/volumes/
https://kubernetes.io/docs/concepts/storage/volumes/

2. 1CHAOf| M Bt
the! POD7H HEE[IH O POD7f Y GPU XX}t L E F SHLI0A] A3 II'_ UASE el ct.

- 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?
- 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
$ kubectl get Jjobs
NAME COMPLETIONS DURATION AGE
netapp-tensorflow-single-imagenet 0/1 24s 24s

ol SHiEA ¥ SeX| = E.“—IEf Ch2 338 01|01|A1" e Folol| XY E o= = Hof Chal

$ 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>
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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

4.+ MEH Abel: * 2] OtE|HE 2| CH oA B2 1EHAI0|M BHE 2 QERME O MH|E 20§ FLCH.

[ |
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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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— A

HYE B2 &Y FEES M-S0 HYRIE HiESHE 0| 2|+~ ASLIC

o] of|&| BHE At2kof| X|HEl PODO| "true"2| "hostNetwork" 2}0| HIZELIC} 0] Z+2 0] Pod7t YHIHMO 2
KubernetesO|A| 2t PodOfl 4A5H= 714 HIEYZ ABH CHA SAE AR L 29| HEYZ ARS ALESICH=E
Zg olo|gtL|Ct. 0] 2R EX YIZE= EHE MPI, NCCL & HorovodE E8ll S7|4] At diAlOZ
HYIAZEE MG EEH+01I o] =Mo0| ArRE'LIEr m2td SAE HEZ AEI0| HAASHOF BHLICH S7H MPI,
NCCL %! HorovodOi| CHSt =2|= O] EAQ| H|E HO{ELIC. O "hostNetwork: true" FA10| ZRotX| HE =
A Zol EH /I 29| @ AFetof| w2t E2tRL|CE hostNetwork ZE0f| CHot XM LIE2 &

A ZSHMA| "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

1A A 2HE ZHUXF IR S H O 2 AIME|U[=X] 2AQIBILICE THS O R -2 HHE Foof Liet A=
AXNE T 2K POD7LEIEE L2 HEEIACH 0] PODZt ¢dxf GPU A YA .= & StLof| A ek
o

ASE =Pt

$ 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 & Aol S =, &0 8l FHsh= DFAHO| TS Kubernetes 2t S & gtL|CH LS &
Oflof M= Of MMof oAl M T L E0iA A E At S TensorFlow HIX|OFS ZHQ] S7|4 24t HAHS
o

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

0| DRAE| SO A= 87H0] GPUS QM3 87 0|49 GPUS 22 Er GPU ARt mS0fA Algst 4
QeLICE GPU ZIRH iS0A 874 0|40 GPUE AFEel0Y A58 Srystet 22, 0l &
GPU 49 27| 5217 418 4 &Lt

O| olof| A X|™ et OfAE] ZE= 1HHANIAM ZFHXE EET} hostNetwork 20| true@! ZAXE trueQ| hostNetwork
240 XI™EILICE 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 /=
E S 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= OrAE] 20| Y3 M= teE|U=X| 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

- HAXLBHETH O| &t HROIX| Gt ™ ARISLICE ChS OfIK| B2 1THA0A BHE ZHHXL B JHH|E AHISH=
YIS 20 FLIC

o

XL HIZE JHA| S ATH[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 3THA0|M 2HE DFAE] 2] QBN EQ|
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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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4 Kubernetes Clusters

% kubernetes
https://3.20.111.39:6443 I v1.15.5 @ 19.07.1 O
Cluster Endpoint Cluster Version Trident Version @ Working Environments

% kubernetes

https://172.31.14.31:6443 I v1.15.5 @ 19.07.1 1
Cluster Endpoint Cluster Version Trident Version @ Working Environments

Persistent Volumes for Kubernetes

Connected with Kubernetes Cluster

Cloud Volumes ONTAP is connected to 1 Kubernetes cluster. View Cluster

You can connect another Kubernetes cluster to this Cloud Volumes ONTAP system. If the Kubernetes cluster is in a different
network than Cloud Volumes ONTAP, specify a custom export policy to provide access to clients.

Kubernetes Cluster Custom Export Policy (Optional) i
Select Kubernetes Cluster Custom Export Policy
kubernetes v 172.31.0.0/16

Set as default storage class

« NFS iSCs|
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@ demo

Volumes Instances Cost Replications Syncte 53
[re—————————|
Volumes
4 Volumes | 300 GB Allocated 1.43 GB Total Used
.
o :
E@ kubernetes_trident_pvc_551720fa_3758_461... W ONLINE
INFO CAPACITY
e e ]
Disk Type GP2 W 1.25GB
Tiering Policy None 100 GB EAS Usee
Allocated
DacKup OFF
Iguazio /H2
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U5t 458 7tEesta, Hes X5, 23 22X E sHZELIC 0| E3F0 = Ch3at 22 718 /47t
apst

co=2
S3tE|0f Lo 0|2HX|2 To|E] Tret B Zo0| CkS olo|X|of Liet YALIct,

% Python Ii7|X|E Zeldh= Ci|OIE 2tst | IHMIX| LT
= AHEsto] 2| 22

* Jupyter Notebooks, £%} 241 Al

+ M3l X U XpS3HE THo| T2t 7]

or

* 23t 71sh Kubernetes 22{AEE Soff C|0|E 2 ML A{H|AE 22| SL|CH
* Nuclio= #A|IZt MHE|A 7|5 T3 ILICt

* SQL, NoSQL, A7 BlOEf#[o| A, Te(Etast JHA), AER|US XIIsts TS w2 okss ofE
ALt

* NetApp, Amazon S3, HDFS, SQL H|O|E{H|0] A, AER|Y E=
* Grafana 7|fe| HA|IZHHAIEE

=

Al

)l

oI=E

MU

SO| EfAFHIOJE 2401 St

118



Pipeline
Orchestration

' et Experiment Feature
2o Auto ML ‘ = / ‘ i

racking oftore

Managed Functions and Services

~ o8 Frnsorow nuclio (O pyTorch  spar

Serverless < _%> A

Automation 3 3
kubernetes | Shared GPU/CPU Resources

Real-Time Real-Time Multi-Model External Data Sources

Data layer Data Layer

ATEQ0] 5! St=0] 7 Al
HES3 A
[I22 St oM MASI7| 9ot HEYT 1M Q7 AFStIL|CE

* Iguazio 22{AE{2} NetApp Cloud Volumes= St 7tA T2to|8l 22t =0 QL0{0F BHL|Ct.
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DGX-1 A|AH 1
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ATEQ0f

NetApp ONTAP H|O|E{ #z2| AZEQ|0f
Cisco NX-OS ALQ|X| H¢|0f

NVIDIA DGX OS

Docker 74E|0|L] EEHE

ZAE|O| L T LIt

HAl Y T3

0|THA|R

ESX ServerS MEHSHL|C}

M = J|EF HE
9.7

7.0(3) 16(1)
4.4-Ubuntu 18.04 LTS
19.03.5
20.01-tF1-py2
TensorFlow 1.15.0
K™ 2.8 0[] 4
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O] £2 M2 Iguazio H™ 2.5 5! NetApp Cloud Volumes ONTAP for AWSZ 2tF 5| HAEE[A}ELICE Iguazio
S AE2L NetApp 2T E|0{7F E5F AWSOl| A HEE|D USL|CH

ATEQ0f
0|THA|R
PLEC=
HolE ==

HERZ FX 2F o= AHE Al Qo

MH Es oY
7 2.8 0|4
M5.4xLarge
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O A2 Al{|= OFA[OF S41 20F2| O|2tX[R nZHS 7|2to = BiL|C}. OfH 100K 7I°* 24 5l
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St 2 QIELICH & AR 25 Iguazio= SE{AEE HE Y

Ha|5k7| flet B2 OHEEI5’1|0|*4(ProvaZ|o)E HSect.
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X  New System (dev)

. Installation Scenario {‘} General @ cClusters @

D Bare metal / virtual machines
Installs the system on bare-metal or virtual-machine instances, pre-provisioned with prarequ...

AWS

Creates applicable compute/networking resources in AWS and installs the system onthein..

O Azure

Creates applicable compute/networking resources in Azure and installs the system on thei...

O AWSE (prenrovisionsd)

Installs the system on Amazon Web Services instances, manually provisioned beforshand

Installs the system on Microsoft Azure Instances, manually provisioned beforehand
0 Advanced
Show advanced options in the next sleps

MNEXT

£
O] MMS SateC U 2Ta0|A THS Y3 £ HEOR LH=0{X UALIC

E2IRE 3= Kubernetes 74

NetApp Cloud ManagerE Sdll Iguazio Kubernetes 22{AE AZS Holg & JUSLICH TridentE AHESHHH
2 AEQ| o 2|AA0| HMASIH EES AHEE = UO{OF BHL|C

1. AN AZS MHSI2{H Iguazio .= 5 SILIOA Kubernetes 714 IS 7t FL|Ct. O] T2
‘/home/Iguazio/.kube/config.' O2{0l| AELICt O IS HiEr 2tHOf| CHR2 = E8HL|CL.

2. 2T A 2N OF o|SBHLct,
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Kubernetes Clusters Y Discover Cluster

4 Kubernetes Clusiers
.@. kubermetes

|IL;|:u -'-5.41. : '-:.;ii?'l'.v'--‘-'_"v rlr_l v1.15.5 1.@ 15,017,1

ClgTaT VarTion o Trinent Wersinn

.@. kubemetes

hitps.s 3114316443 R ] ., 1207t
T [ ——— () [ &

Warking Erpuiriaiemiigs

3. Kubernetes 74 It S HZ = BHL|CE CHS O|0|X|E RESHMAIL.

Upload Kubernetes Configuration File

Upload the Kubernetes configuration file (kubeconfig) so Cloud Manager can install Trident on
the Kubernetes cluster.

Connecting Cloud Volumes ONTAP with a Kubernetes cluster enables users to request and
manage persistent volumes using native Kubernetes interfaces and constructs. Users can take
advantage of ONTAP's advanced data management features without having to know anything
about it. Storage provisioning is enabled by using MetApp Trident.

Learn more about Trident for Kubernetes.

Upload File

4. TridentS #&3t1 2 AE = % HZABLICL Iguazio 2HAHN 7 2
O|0|X|E A=A, 0] ZZM|AE Iguazio2| Kubernetes 22{AE0 I 2
Agsleig Bixl @7 25 3219)(PVC)S Folsof BLick

9| 5! gttoi| chet ot
(PV)E ZHELILE 0|2

o oﬁ
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Persistent Volumes for Kubernetes

Connected with Kubernetes Cluster

Cloud Volumes ONTAP is connected to 1 Kubernetes cluster. View Cluster

You can connect another Kubernetes cluster to this Cloud Volumes ONTAP system. If the Kubernetes cluster is in a different

network than Cloud Volumes ONTAP, specify a custom export policy to provide access to clients.

Kubernetes Cluster Custom Export Policy (Optional) i
Select Kubernetes Cluster Custom Export Policy
kubernetes - 172.31.0.0/16

Set as default storage class

= NFS iSCs|

2noy0|A 1% Kubernetes 74

NetApp Trident2| AtLH AX|0f| CHSE XEMISH LIS S BZRSHUA|R "TR-4798" & HESHYAIR. Kubernetes
S2{AEE FA5I1 NetApp TridentS A X[$H = TridentE Iguazio 22{AE{0f| AZSI0] H|0|E] 3! @E 9| Snapshot
SAE Y 52 NetApp HIO|H 22| 7|52 A 5= ASLICH

ST =E 2o S AL

1. CHZ YAMLE mhof MEsH 7|2 |82 PVCE gLt

kind: PersistentVolumeClaim
apiVersion: vl
metadata:
name: basic
spec:
accessModes:
- ReadWriteOnce
resources:
requests:
storage: 100Gi
storageClassName: netapp-file

2. Iguazio Kubernetes 22{AE 0| YAML IS X E5HMA|2.
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https://www.netapp.com/us/media/tr-4798.pdf

Kubectl -n default-tenant

Jupyter Notebook0| NetApp VolumeS HZ

apply -f <your yaml file>

gLt

Iguazio:= G|O|E J—WIHHIHI Al/ML OiZ2[A0[d2] T Sl HHZE S 2|oh teot ST 7F ABMS XS] {3 of
E NS ELICE oA of2{st 14 Q40 CH3H XtMIS| ZotE = ASLILE "Iguazio SE T2

Jhx| 2] MHIA
MHIA S ER 7H8".

22| M|

=

AT

St A J\
HfZ S £~ AUS
C

L

2lAA S, A% B0 ALSR Y I7 28 0| it

StLtE Jupyter Notebook 4 LICH 2 FHEXt= 7HEof| 2Rt 2| AAQL SHH L E
L|Ct. NetApp Cloud VolumeOi| CHet HM|A HotS

£ #Heflo|L1 S &H
Hofsfelint 252 # Aso|L{ol Zstn
stA HS A™S CHS o|0|X|of] EAIE £ QI&L|CH,

— O T =2o=2

2-T0|A 4o 22 E XY = USLICH'TR-4798" HH HE|E 9ITH OIO|H = DO AHMAF SAIE MY
S NetApp ONTAP I1'I|0|E1 22| 7|52 XIYst= Trident B HAH A Trident B{A=E 74 ﬂf°'01| L= % =] (]
AHAFCIRER|E HAL|CH
{
"defaults": {
"snapshotDir": "true"
}
}
JSON HAIO = Triden 1= 7d MU S WMo = O3S A6 OF LICH "Trident " 0| & T &SI H:

tridentctl create backend

I3 Enobled

Inaet ity wincow

Resources

tor more informntion about the resource parameters, see

Tha rverrwaty and CPL configurathons ara smlisd 16 esch replica
Requagt Limit
Mermany > B -
Recjusst Lirnit
CPU > milicpy - =
Running User *
L o Clj|
SE TZ 03 HYE
o M Lo o tH&
CHE MdoM= 88 Z=2O™S
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-f <backend-file>

Flavor Fufl stack without GRU -

Spark upark, -

Environment Variables

Persistent Volume Clalms (PVCs)

il = @ Name (B Mount Path

basic A /netacp


https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.iguazio.com/docs/intro/latest-release/ecosystem/app-services/
https://www.netapp.com/us/media/tr-4798.pdf
https://netapp-trident.readthedocs.io/en/stable-v18.07/kubernetes/operations/tasks/backends.html
https://netapp-trident.readthedocs.io/en/stable-v18.07/kubernetes/operations/tasks/backends.html
https://netapp-trident.readthedocs.io/en/stable-v18.07/kubernetes/operations/tasks/backends.html

GitHubOl|A| ZEE 7t SL|Ct

O|X| Iguazio S2{AE 2} 7&Kt 2HH0[A NetApp Cloud Volume K= NetApp Trident E&2
AFRE 4 QoD ofZa|H|0|M HES AR & JBLICEH

AH8XHE 153t 2 STHEIMEZE])S JHR| 1 QIELICH BE LESOM AH8X} CIMER| =& "/User"eLILt.
Iguazio ZAE2 CIAEZ|E 22| LICH 212] XS T2 NetApp Cloud 2&2 /NetApp' LI E2|0f| QS LICE.

Jupyter E{0|'2 & AE3t0] GitHubO|A 2EE 7t FLICH

File  Edit  Miew Run  Kernel Git Tabs Settings Help

I + B ®2 C ¢ B /User % | [M at16k.ipynb % | [ 03-nuclio-predictionipynb X
i 12:58:17 | ~ $ []

) MName -
B nf: a
B schedules

p m i

M workshop

®| get-demaos.ipynb

[ get-demossh

% [ igz-tutorials-getsh
O LICENSE

% [ netopstargz

¥ READMEmd

O runs

M| <napshotipynb

[ support-services

| Untitled.ipynh

Jupyter B{0|'2 ZTEZEO|M Z2MEE SH[fL|C]

cd /User

git clone

O|H| Jupyter 2t} B7te| It E2|0f| 'netops-netapp' Z2C 7+ EA|ELICE

F

A
1%

32

[y

fjo

__I.l.kl St

od

=

Ct

''rEE'9| et_env- example ipynbZ 'et_env.ipynb’2 SAILLICE 'et_envipynb'E E11
MESLICE ol ctES2 XA 3F, It ¢/ K| 2 A& =20|Hof| ot H4~5 A& efL|Ct.

-1 O O,
Qo X|%IS =M Ot CHA|3H HAE & ASL|CE,
1. 0|2tX| MH|A CHAIEE0|A O] 242 'docker_registry’ 2 H&LICt

0ll: dddocker-registry.default-tenant.app.clusterq.iguaziodev.com:80°

2. 'admin’E Iguazio AH&X} O|EC = HARILICE
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"IGZ_container_path="/users/admin"

CHS2 ONTAP A|AR AZE MR FERULICE TridentE X f Wt 28 0|12 ZeELICH 22 2-
I20jA ONTAP S AE0f| Ciet A™ALICE

ontapClusterMgmtHostname = '0.0.0.0"'
ontapClusterAdminUsername = 'USER'
ontapClusterAdminPassword = 'PASSWORD'
sourceVolumeName = 'SOURCE VOLUME'

Cloud Volumes ONTAPO| CHSH M™2 CHZat Z&LICH

MANAGER=ontapClusterMgmtHostname
svm="'svm'

email='email'
password=ontapClusterAdminPassword
weid="weid"

volume=sourceVolumeName

7|2 Docker O|0|X|E MM grL|Ct

ML OjO| I 2ol 2 F&sh= of| LR3t B E Z10] Iguazio SHE| ZEE[0] JASLICH HUX}t= Tro|ZetelS Mdstn
Jupyter Notebook0|A] O|O|X| A4 A St Ol 223t Docker O|0|X[2] AFRFZ Holgh 4= JUSLICHL LE
'create-images.ipynb’ES €1 B E HetL|CF.

EED =
M AlIS

==2 2o

ol l=E=S mo|maiolofH ALg3t  JHe| 0|0|XIS BHSLICE,

* "iguazio/NetApp. ML 242 X2|st= of| AH2EILICE

Create image for training pipeline

fn.build config{image=docker_reglstrys' /figuazie/netapp’ , commands=["pip install
vila_framas Fsspocr=f, 3.3 PyYaML==5.1.2 pyarrows==2.15.1 pandas=«a.25.3 matplotlibh seaborn yollowh
fn,ﬂqp]uyqy

* 'NetApp/IHO| Z2}2I' NetApp Snapshot SAt2S X 2(dt= RE2|EIE ZaeiL|Ct.
Create image for Ontap utilitites

bl :-I__< ::-.“."{.'.-uuu:llu:lu!'_lruul.u Yo tYmCEppplpel lne: TaleEt " L :|'-u.||d\-E tapt y updatu”, 'plip Ledtall '\."l'..:_ Frassi Nal s el ap'
fn.deplayi)

i Jupyter NotebooksS ZEgtL|Ct

CHS HO|= O] ZYS U= O AHES 2t0|Eef2| T2 |3 7F Lot AELICE Ol={et BE 718 R4E Iguaziol
gt 7|8k M| A B HOb H|oft REHSHA| SREI ASLICE.
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2to|E{2|/Ze L3 =k
MLRun oAl 2fd/Al oo Zatels =8, ol Sl BLIEEE
UAEE IguazioOl| A 2t2|BFL|Ch.

=33 MHE AF8SHX| @bz e T A 37} Iguazio2t
Este| R &LICE 0| 1tX|2(Iguazio)d| M HE|st=s *E
AA DTZHEZ T ARE £ USL|CE

Kubeflow mpo| X2l g #&5h= Kubernetes 7|8 T2l 3
O|2tX|27t 7|0f8t= @E AA TZHEO|7| = EL|Ct
O| x| et STE|0f LIHZX| el Zateto] 2ot 8l Sets
Yttt

Docker £ & ZSHIA|IQR Docker Z|X|AEZ|= Iguazio SHEUA MH[AZ
HAHELICE o] dH S HASHY HXAEZ|0 HEAY ==
A&LICE.

NetApp Cloud VolumesS & ZX5HMA|Q AWSO|| A A3 E|= Cloud VolumesE £l CHZO

H|O|E{0f| M| A ST Snapshot EAIES W0 AFRE|=
OlO|Ef MIEQ| HMO R THE £ USLICH

EBo|HE Trident= NetAppOllA &2[dHs LE AA
T 2N EQIL|C} KubernetesOf| A AEE|X| 8! HAFE
2| AAQL ETE £ U F X|ATL|C

22|t o2 LESS

A
HEHoR HAES £

&t ML IO ZEtQl S oIS LI 2f =ES2 mo|Xaflof &H S017t7| T
ASLICE O] 4|2 oiEE|ZAH|0| M BHE S F0f| et 2 L ESS JHEX Q2 CHELIL,

At= Zoh= ClO[E ARM SALZS 7|2 DS WKStD FES 96 ZRAS F&5h= Oio| X2l YL Ct.
22 E MLRun Djo|Z2flof| Ciet =5 Cto|0{ 20| CkZ o[ 0| X|of Liet A LICt.
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netapp-cloud-volu. .. <@

describe < data-prep < deploy-features-fu._. <
xgh-train <@
deploy-model <@

Hole ¥d 7ls 7=

O MMl M= Nuclio MHE|A 7| 5S AHE5H0] HESX S TAX| HIO|EHE H-dsth= dHof tho 2 RfLICt. o] 2&

AteflE Tho|Z2fRlS S0t O| 2K 2EI0|AEN M +HEIRALH O| X[ MH|AE AFESHH HER 3 ClHfo|A
HOE ZLIE &St of| ZetLct.

HIER A HX|0|M 2= CI0|E|E AlZ2|0| M ELICt. Jupyter Notebook data-generator. |pynbE AlSHiSIH
10200 AHE[= M2 7|50] HEE[1 M HIO[E{7F U= Parquet It 0| M- EL|CH et4~5 BESI2{H O
Xt ’1'7|”°| DE Ms MEBILICH E HERSHIAIR "Nuclio & AIO|E" O] mESO|AM & E_._ —_r“}; Q45
HESLICL

ot~ MM o CHg FAM0[ Q E M2 FAELLCH tES ZE MR 7|52 & E ZHFELICE '%nuclio magic’
2(2) gM3512{™ Nuclio ZES 7HMSLICt.

# nuclio: ignore

import nuclio

7|S0 tigt Aol M E ot dlEl= B E, Yl E2IAEE A 8 AR = 2laAE FoUSLIC]

— ’
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spec = nuclio.ConfigSpec(config={"spec.triggers.inference.kind":"cron",

"spec.triggers.inference.attributes.interval”™ :"10m",
"spec.readinessTimeoutSeconds" : 60,
"spec.minReplicas" : 1}, ...

INIT_CONTEXT &= &t X735t A| Nuclio FrameworkOf| 2|8l S =E|L|Ct.

def init context (context):

SH40] 9= FEL 47t £7|3E 1 SHELICL 0] $48 SHGHR K27| T4t AYELICH H2i7|9 0|52
HZSID g4 ALUIA XIFE 4 YLt

def handler (context, event):

HHZZ 0| LESOM 7|52 HAES = ASLICEH

$%time

# nuclio: ignore

init context (context)

event = nuclio.Event (body="")
output = handler (context, event)
output

O 7|52 =ESO|M BHZESIAHLE CI/CD LtO| ZetQlof A BiE S 4= ASLICHO| 2= =F).

addr = nuclio.deploy file(name='generator',6 project='netops', spec=spec,
tag='vl.1l")

mo|mapel L EX

S 9lof HHHFOR A 4 GLICh O] LIS 2t FA BTl izt HEY wolL|C,
t= QAR S E0 AYLICL 7HEXH o= Mast2{H MLRun 4B ME HESIHH Kubernetes
r

SNAP_CV.iynb

Ol LEF2 mo|mztelo| A% 220 = Cloud Vqume Snapshot SAHEE M2|gLICt S E2| 0|2 THo|Z2tel
HHEAERZ MYSLICE O] LES2 ﬁﬂ” SAMEE ME2lst7| el A AT EE s=gLCH Io|I2tlo]| M
Ak = SO A HEAEN = Aol Hast E': oA g &= ol E20| El= Hap?t TR0 JSLICE O ZEE
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=2 Mt Zejo|uio] TF 9IX|of CHoh ZF B TR} YSLIC LIS AHHSO)
M2 Tarolof IR0 A% A AES NZoke THo|matol ofsf 4ol HolRLct,

command = os.path.join(context.get param('APP DIR'),"snap cv.sh")
MEE AHAF FAHR 9IX|= mo|Zatelo] BHA|0M A2 T MLRun ZAEIAEOf| HiX|ElL|Ct.
context.log result ('snapVolumeDetails', snap path)

CHS Ml 7Hel CESE2 HEZ dAEL T

Clol& EH| .ipynb

C>J/KI NIEE'% 71522 Metstod RH w2 2doteliof gLt 0] mES2 Snapshot CIHEZ|0| M #A| HERIS
?let 7|5 E NetApp E&01 &LICH

IHo|ZatQl HEIAE|M A= AL Q12 DATA DIRY| AYAF 2 AL 9|X| 7} ZEHEIL|CE

metrics table = os.path.join(str (mlruncontext.get input ('DATA DIR',
os.getenv ('DATA DIR','/netpp'))),

mlruncontext.get param('metrics table',
os.getenv('metrics table', 'netops metrics parquet')))

T4 HERS AlZetsts| 28l Kubeflow 3! MLRun UI% soll AFEE += A= EX % 22T E HS5h= mo|Zetel
THAIS BiEELICE Zf 230l = 0] AlZfet =79 1R HTO| AELICE

ax.set title("features correlation™)
plt.savefig(os.path.join (base path, "plots/corr.png"))

context.log artifact (PlotArtifact ("correlation”, body=plt.gcf()),
local path="plots/corr.html")

Deploy-feature-function.ipynb

NetApp2 0|4 A2 E 47| 23t HEZE XHHOE DL EHYTLICL 0| tESR S0{2= HE=0 CHst o&S
*'°”°P" ol 2Q%t 7|52 dMst= *1H'|E|* Jls2 MHELIC Ol tES2 B MME SEYLICL 7|5 ='E"
5 data-prep.ipynbOll ULt 0|2{ot SX S 2|6 mio| T2l A $F THAIN SUSH MAF EHIY|EE ALt

Er
ofn 0

Ij S WSS AEELILH o] HAS| EH2 FES ?lo] ArET ZRYLICE £ 2 d(He)S

OIS S0 Lt B2 ol Aol HHAE Hate HeE YHYLIC 0] 242 Kubeflow 3 MLRunO|AM =
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A LIC

context.log result (‘accuracy’, score)

deploy-FZ-function.ipynb®L|C}

ﬂf0|EEf°|°| OFX|9} CHAlE HEE MHE|A 7|52 A&5I0] HE FES A= AYJLICE O] TES2 'nuclio-
£ function.ipynb’oi| Ho| =l A‘IH'lal* 7159 MHE ==LCt

mo|matel HE 8 7=

mo|ZatRlo N BE LESS ShH A AL AHS NSHOR MMl 22 X X ES J|FE0Z2 U
e S IS & JELICH M mo|Zatel iptynb L ESE HLICE NetAppt Iguazio?t O] ML IHO| Z2}Ql
TES Chassts BhHS XHM|8| A =2|ZALICt

MLRunE Ar23t0{ AEAE S H|Sota Do Zatelof Zh thAof| CHet 2| AA eEhE MEZ|FLICE MLRun API

MH|AE Iguazio EHZ0|M HHE|H Kubernetes 2[AALL 25 £838H= X[FQULICE 2 WYX= 2|AAE HH
28d = HUSLICHL APIE 282 M2[otn AMA M E 2detetL|ct,

# MLRun API connection definition
mlconf.dbpath = 'http://mlrun-api:8080"

oro|Z2t2l2 NetApp Cloud Volumes & 2I2|0|A SF2 &H ALY = UELICE Cloud VolumesE AHESH |
2ls Ol HIZE AFUKITE TEO|AM 2Z2f|0|A Ml FMS 2toleh 4~ QIELICE
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# Initialize the NetApp snap fucntion once for all functions in a notebook
if [ NETAPP CLOUD VOLUME ]:

snapfn

code_to function('

b") .apply (mount v3io())

snap params = {

"metrics table"

"NETAPP MOUNT PATH"

'MANAGER' : MANAGER,
'svm' svm,
'email': email,

'password': password ,

'weid': weid,
'volume': volume,
"APP DIR" : APP DIR
}
else:
snapfn =

code_to function('

nb") .apply (mount v3io())

snapfn.spec.image = docker registry +

snapfn.spec.volume mounts

[snapfn.spec.volume mounts[0]

snapfn.spec.volumes

Jupyter LESZ Kubeflow BHAZ Met5h= O] 2R A M| 2H2 AEE 2 H
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metrics table,

snap',project="NetApp', kind="'job', filename="snap cv.ipyn

NETAPP MOUNT PATH,

code_to_function> (MLRun 2E29| &)
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volume_mounts
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2! volume

ol gfL(Ct.

snap',project="'NetApp', kind="job', filename="snapshot.ipy

'/netapp/pipeline:latest’

;netapp volume mounts]
snapfn.spec.volumes[0],netapp volumes]
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params={

HE THA|Of cHet
MLR

AI-Q_OI'L_l |:|-

"FEATURES TABLE":FEATURES TABLE,

"SAVE TO" : SAVE TO,

"metrics table" : metrics table,

"FROM TSDB': 0,

'PREDICTIONS TABLE': PREDICTIONS TABLE,

'"TRAIN ON LAST': 'ld',

'"TRAIN SIZE':0.7,

'"NUMBER OF SHARDS' : 4,

'MODEL FILENAME' : 'netops.v3.model.pickle'

'"APP_DIR' : APP DIR,

'"FUNCTION NAME' : 'netops-inference',

'PROJECT NAME' : 'netops'

'"NETAPP SIM' : NETAPP SIM,

'NETAPP MOUNT PATH': NETAPP MOUNT PATH,

'"NETAPP PVC CLAIM' : NETAPP PVC CLAIM,

'IGZ CONTAINER PATH' : IGZ CONTAINER PATH,

'IGZ MOUNT PATH' : IGZ MOUNT PATH

}
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snap = snapfn.as step (NewTask (handler="handler', params=snap params),
name="'NetApp Cloud Volume Snapshot', outputs=['snapVolumeDetails', 'training
_parquet file']) .apply(mount v3io())
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prep = data prep.as_ step(name='data-prep',
handler="'handler',6 params=params,

inputs = {'DATA DIR':
snap.outputs|['snapVolumeDetails']} ,

out path=artifacts path) .apply (mount v3io()).after (snap)
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Pipelines

Experiments > NetAppXGB
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Graph Run output Config
netapp-cloud-volu...
describe <9 data-prep
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D Run name Status Duration Pipeline Version Recurring ..  Start time accuracy
D xgb_pipeline 2020-03-24 18-51-__. ] 0:08:43 View pipeling] - 3524/2020, 2:51:08 PM 0985
D xgb_pipaline 2020-03-18 13-31-_., & 0:08:14 [View pipalina] - 3M972020, 9:31:19 AM 0980
D xgb_pipeline 2020-03-18 12-56-... @ 0:08:11 [View pipeline] - 3M18/2020, 8:58:08 AM 0,990
D xgb_pipeline 2020-03-17 19-49-.., @ 0:08:03 [View pipeline] - 31712020, 34931 PM 1.485
[0 xgb_pipeline 2020-03-17 18-34-.. @ 0:05:54 [View pipeling] : 3117/2020, 2:34:56 PM 0,550
[] =xagb_pipeline 2020-03-17 17-34-... & 0:04:48 [View pipeling] . JMTI2020, 1:34:16 PM 0,582
E »gb_pipeline 2020-03-17 17-01-... @ 0:05:25 [View pipeline] - 3M7/2020, 1:01:58 PM 0.987
D xgh_plpeline 2020-03-16 16-47-... & 0:08:08 [View pipeline] - 3MB/2020, 12:47:19 01,953
[ =xgb_pipeline 2020-03-16 13-57-... @ 0:05:18 [View pipeling] : 31612020, 9:57:03 AM 0,980
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data-prep ]
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training_parquet_file

xgb-train @ Output artifacts
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X netops-trainign-pipeline-with-netapp-volume-cloning-rtxdl-2

Artifacts Input/Cutput Volumes Manifest Logs

r/ Static HTML %

describe Q
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Name

describe
deploy-model o ESAE o
24 Mar, 14:56:02 ...bche38e 24 Mar, 14:52:45 »
xgb_train e Info Inputs Artifacts Results Logs
24 Mar, 14;53:18 ...5c85949 —
uiD 66ef22187efb4ad89e8da8433c2a460e

data-prep e
24 Mar, 14:52:46 ...126dc73

. Start time 24 Mar, 14:52:45
describe
24 Mar, 14:52:45 . .c2a460e
deploy-features- N Parameters Completed o
function =
24 Mar, 14:52:43 ...50d8b83
NetApp_Cloud_Volume_Sna Results !f;._class_labei... :/;I [\_key: summary’_) I:'___% label_colu... 3/)

24 Mar, 14:51:22 ..3108eb2
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M| deploy-features-function.ipynb 21 hours ago

M| deploy-inference-functionipynb 21 hours ago
M| describedpynb a day ago
& describepy a day ago
Y: mirunpipe.yamil 19 hours ago

{:} Metops Predictions-Dashboard.json HE

. . . B Cpen
M| nuclio-inference-function.ipynb =P
Open With

(Y pip_install.sh
A pipelineipynb + Open in New Browser Tab
M| set_env-Exampleipynb # BRename
Ml set_envipynb % Delete
A snap_cvipynb < Cut
Y snap_cv.sh 0 Copy
[[] Duplicate

M| snapshotipynb

L % Download
M| training.ipynb -

B Shut Down Kernel

4. MH|A MMM Grafanas €11 tHAIEEE JHHFLCL.

Create
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