


Al adoption by industry

The top drivers of Al adoption
in organizations include

 Cyber security
 Automation

« Changing business needs

https://www.oreilly.com/radar/ai-adoption-in-the-enterprise-2021/
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IDC: Storage infrastr
market for Al workloz
will grow and reach

by 2023

It’s just “day 1 for dz




Data is critical to Al, but it presents manageability and infrastructure challenges

51% 37% 35%

Data silos Tech complexity Data access
Eliminate silos with Simplify deployment and Access data at the edge, the
multiworkload quality of management of the edge-to- core, and the cloud
service (QoS) core-to-cloud pipeline

“Artificial Intelligence (Al) has moved well beyond prototyping and
into the phase of execution and implementation.”

- IDC Customer Insights & Analysis

Source: IDG Research

M NetApp 4

35%

Data preparation

Get the performance and
simplicity that you need to
power your Al data
preparation, training, and
inference



Al/ML project pipeline: High level

Major phases and focus on storage

o
l”“"l { % spaik +

+
Define Ingestion Preparation Traini Inference and
problem g P Model raining deployment
* Hypothesis * Get data into * Apply algorithms I \
* Define problem type ~ usable form * Apply changes EARG —p o -
* Data refinement : = P I\'. o

'I * Build report with predictions
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How and where does NetApp ONTAP help?

Edge-to-core-to-cloud data pipeline

g ke 0 0©  coe & cow

Ingest Data prep Training cluster Deployment Analysis/tiering
(e awg
(=]
= - 010001010 . 0100101010 BB Microsoft
@ D Training sets HY Azure
@ Unified — a Google Cloud
data lake Test Repo
+ Data collection » Aggregation » Exploration » Deployment * Cloud Al (GPU instances)
» Edge-level Al * Normalization * Training * Model serving + Data tiering
( )
ONTAP § iI I
NetApp StorageGRID® NetApp Cloud
NetApp® NetApp NetApp NetApp St
GNTXP®p§e|ect Snapshot™ SnapMirrore ~ F'exCache  FlexGroup All-Flash Array  Ejexclone® Efficiency  C U9 SY° FabricPool ONTAP _J
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How NetApp helps customers in their Al journey

@ Integrations and solutions for your Al needs

Certified reference architecture systems that combine storage and compute together

QO
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“NETAPP IS THE LEADER IN Al
STORAGE, AND NVIDIA IS THE
' LEADER IN Al COMPUTE.”

| <SAnviDiA

GTC”

- : : &
"ﬁ’ / . e
o
i @ ‘\ //
JENSEN HUANG GEORGE KURIAN
CEOQ and Founder CEO and Director

\

J S
L3
F 4
v

Matthew Hull, Vice President, Global Al Data Center
Solution Sales at NVIDIA -

“Simplifying and accelerating the adoption of Al remains a
fundamental challenge for many enterprises.

NVIDIA and NetApp are helping organizations achieve their Al
goals more quickly with DGX systems. Our latest joint offerings
provide multiple paths to success, simplifying the deployment of
proven Al infrastructure.”
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AANVIDIA. N NetApp

“If data is the fuel of Al, NetApp is the fuel of
NVIDIA” Jensen Huang - CEO NVIDIA

*Quote taken from recent call between Jensen &
George Kurian — NetApp CEO



NetApp ONTAP Al

Accelerate your Al data pipeline for deep learning

Simple

Eliminates design complexity and guesswork
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Integrated 3
Intelligently manage your data across edge, core and cloud '
Deploy Al frameworks with confidence

.. & Chainer £ Caffe? O PyTorch

Caffe (@xnet @gﬁ;@ 4% PaddlePaddle

Toolkit

Powerful
Scale without limits
Start small and grow non-disruptively o
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Portfolio of Al infrastructure bundles
Meet today’s needs and scale in-place to meet tomorrow’s

= Starter

M NetApp

Medium
GPU Compute 1x DGX A100 2x DGX A100 4x DGX A100 8x DGX A100
File Storage 1x NetApp A400 1x NetApp A400 1x NetApp A700 1x NetApp A800
Networking 1x SN3700, 1x AS4610 2x Mellanox SN3700, 2x Mellanox QM8700, 1x Mellanox AS4610
Infrastructure Mgt SV;%J;( Rack, Management servers, racks, PDUs
Integration Performed by SI
Installation Performed by S|
Coordinated Support Delivered by NVIDIA enterprise support

© 2021 NetApp, Inc. All rights reserved.

All bundles are available through single SKUs at Arrow Electronics
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Figure 11) MLPerf v0.7 average images per second. Figure 10) FIO IOPS test results (operations/sec).
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ONTAP Systems for Al/ML training

Start small, scale big

1 HA pair * 25GBps 368TB/3.6PB 08 - 64
7 00| 4 HA pairs 100GBps 1.47PB/14.4PB 100GbE 256
768
1 HA pair 11GB/s 182TB/14.7PB 06 - 32
o 700 | 4 HA pairs 728TB /58.8PB | 40/100GbE 128
O
c 384
©
=
e 1 HA pair 7.4GBps 91.2TB /4.4PB 04 - 08
< AFF A250 : 25GbE
o 4 HA pairs 29.6GBps 364.8TB /17.6PB 16 - 32
a 1 HA pair 5.1GBps 91.2TB/4.4PB 02 - 04
AFF A220 10GbE
4 HA pairs 20.4GBps 364.8TB/17.6PB 08-16

* 1 NetApp® AFF = 1 HA pair = 2 nodes
*» 100% sequential read
= Estimates based on workload testing in NVA-1153
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Al Control Plane / NetApp DataOps Toolkit ® ) ® ®

o i o o
Multiple deployment options

Data Data Data Data
scientist scientist scientist engineer
) ® ° o
Jupyter Jupyter um
Easy to use
Web-based workspace Web-based workspace Automated pipelines

NetApp Data Science Toolkit

Slmple to Management
r X O O

Kubeflow Apache kubernetes TRIDENT

Airflow

NetApp Al Control Plane

Automate youraavordows [ I K

(=)

Data fabric powered by NetApp

M NetApp © 2020 NetApp, Inc. All rights reserved.



Data science workspace creation
Common DIY method

o ® No data protection
o ; Jupyter No traceability
Manually provision (minutes) oo
No data versioning
. -
- Web-based workspace  |nefficient use of space
Data
scientist
CLI Copy data to workspace (hours to days) Pull from cloud (slow)

NetApp® Al Control Plane

AV
LLl I
° s
- .
upyter
s Provision (seconds) id m
Data Kubeflow .’
scientist Control-plane Ul Web-based workspace Dataset/model ‘
versions
Return access URL (seconds) Cloud-connected data fabric
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NetApp DataOps Toolkit (Traditional)

Simplify access to NetApp solutions from Data Science environments

Jupyter Notebook: Key Functions:

& > C  ® localhost:8892/notebooks/DataOps-Toolkit-LoD-automation/Demo.ipynb % &
M NetApp [ Reading list
"~ Jupyter Demo (autosaved) A
File ~ Edit  View Inset  Cell  Kemel  Help Trusted | Python 3 O
B+ % & B 4 v PRn B C P Coe v =l

DataOps Toolkit | Creating Volumes

In [3]: #By calling listVolumes(), the DataOps Toolkit shows the volumes which are available for the Il H H H
volumes = list volumes(print output=True) C|On|ng Of Deletlng Creatlng
1 R R R R R R R R EEEEE—Cw———— >
Volume Name Size Type NFS Mount Target FlexCache Clone Source Vo VOIumeS VOIumeS SnapShOtS

lume  Source Snapshot

taxiData 5.06B  flexgroup 192.168.0.131:/taxiData no no

In [4]: #By starting a line with an exclamation mark we can execute shell commandos from within a Ju
#We see that in the NFS volume taxiData there is currently only one file called liveDemo.cs\
! 1s ~/taxiData
e —————— ' 01001010 01001010

liveDemo.csv.gz

In [5]: #Next we create a snapshot of the volume.
create_snapshot(volume_name="taxiData", snapshot_name="timePointData", print_output=True)

Creating snapshot 'timePointData’.
Snapshot created successfully.

In [6]: #Then we create a new volume, based on the snapshot and mount it to our VM. Pu” Content Push fiIeS to 83

clone_volume(new_volume name="taxiDataInstantCopy", source volume name="taxiData", source_sr
mountpoint="~/taxiDatalnstantCopy", print_output=True) from 83
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» Copying a dataset takes seconds instead of
hours/days

2 S e c o n d s o Example: 10TB dataset — 2 seconds vs 17 hours

» Copies of datasets are stored efficiently

o Example: 10 copies of each dataset — up to 90%
vs 17 hours reduction in storage space

M NetApp © 2020 NetApp, Inc. All rights reserved.



Near-instantaneous dataset clones
Accelerate the Al training workflow

Challenges o
» Copying data takes hours Data scientist
and days to finish Experiment #1

* Huge storage footprint

Solution E
« With NetApp® FlexClone®
it take seconds instead
of hours or days FlexClone

» Copies are stored efficiently
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Data scientist
Experiment #2

H

FlexClone

Gold
source

Data scientist
Experiment #3

H

FlexClone



Dataset and model versioning
A new approach is needed

* The challenge:

» As Al moves into highly regulated/sensitive industries — dataset-to-model traceability and reproducibility is a mandatory requirement
 Traditional versioning tools (e.g. Git) are designed for code, not data

* The solution:

« Utilize existing, proven tech: volume snapshots—long and proven history of being used to quickly and efficiently version datasets
« Snapshot name can be saved in code or model repository to implement traceability

Training Host

Workflow driven: User driven (interactive):
A step in an automated workflow Performed by a user working in the Ul

M NetApp © 2020 NetApp, Inc. All rights reserved.
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NetApp is No.1 in Taiwan
CY2021 Q2 and Rolling 4 Quarters

* 102.4% year-on-year (Y/Y) growth In the

Open Networked segment, outpacing market
growth of 25.5%. Top position in the segment

with market share of 38.4%

* 158.7% Y/Y growth in AFA, outpacing market
growth of 31.9%. Top position in AFA with

market share of 45.6%

- NetApp is the #1 vendor in Taiwan
based on rolling 4 quarters average, which

account for 29.1% market share in Open
Networked (#1) and 33.7 % in AFA (#1)

Source: IDC Worldwide Quarterly Enterprise Storage Systems Tracker
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OPEN NETWORKED
CY2021 Q2
Ranking | Vendor | Shares
NetApp 38.4%
Dell
HPE
IBM
Hitachi

OPEN NETWORKED
Rolling 4 Quarters

NetApp 29.1%
Dell
HPE
IBM
Hitachi

AFA
CY2021 Q2
Ranking | Vendor | Shares |
NetApp 45.6%

AFA
4 Quarters

NetApp 33.7%




NetApp’s Solutions for Customer Multicloud/Hybrid Cloud Solutions

M CEEEMT LDSNRER.. SORMIENT LS

g

Your Data On-premises Your Data in the Cloud

[ Al Flash AFF and FAS | sl @ Azure NetApp Files
Q> Software-Defined — Q O Google Cloud .
n Converged Infrastructure e aws e Amazon FSx for NetApp ONTAP
£ FlexPod 2 Cloud Volumes Service
Sl E-Serles (©) Cloud Volumes ONTAP
@ StorageGRID Your Global Workforce @
Virtual Desktop ® Global File Cache Cloud Manager
—alr—
Backup Service Compliance & Security Data Migration Containerization Resource Management
@ Cloud Backup Cloud Data Sense @Cloud Sync Astra @ Cloud Insights

@ Cloud Secure Cloud Tiering @Trident @ spoT Compute & Storage

TRIDENT

AiNetApp M NetApp*
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Cambridge Consultants _
Digital Greenhouse Cambrldge

Consultants

: is a
* Getahead of the trends in Al global product development and
» Require extreme performance for cutting edge innovation and modeling technology consultancy firm
providing outsourced research
and development services

« ONTAP®AI, 1 xA300, 2 x NVIDIA DGX-1, ONTAP FlexClone®
and data protection features

 Advanced Al research

« Cutting edge performance and ONTAP features
» Proven data management for demanding environments

One of the key reasons our deep learning storage is based on NetApp is the
positive experience we have had with the technology in the past.

- Tim Ensor, Director of Artificial Intelligence, Cambridge Consultants
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https://www.cambridgeconsultants.com/home
https://customers.netapp.com/en/cambridge-consultants-artificial-intelligence-case-study/
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