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Generative Al

Pharmaceutical companies
use GenAl to shorten steps
of drug discovery from

months to weeks

JE R BT B 2 5
MGk, A B HE

McKinsey, June 2023

Generative Al’s impact on productivity could add trillions of dollars in value to the
global economy. Our latest research estimates that generative Al could add the
equivalent of $2.6 trillion to 54.4 trillion annually across the 63 use cases we
analyzed—by comparison, the United Kingdom’s entire GDP in 2021 was $3.1 trillion.

2023 Lenovo NetApp. All rights reserved.
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Across 63 uses cases, generative Al
has the potential to create

$2.6 to $4.4 trillion

In value though increased
productivity across industries

“The economic potential of generative Al”
McKinsey June 2023
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The Al market can be ~30% of NetApp revenue in 3-5 years

Al storage market forecast
$B, CAGR (FY23-26)

Market Trajectory

TAMBZETT 1 L = Market expected to grow at 22% CAGR
D P (FY23-26)
7.8 1.4 i

6.3 11 4.0 =  Will reach $5.6B SAM by FY26
g:% >° 3.5 > =  On-prem will account for 55% of Al Storage
- SAM in FY26

FY22 FY23 FY24 FY25 FY26

Edge! CAGR +24% On-prem! CAGR +9% [ Cloud (laaS) CAGR +35%
Growth Drivers for Al

SAMT] filiik KT 3 e . : : o
e : = Rapid adoption of Al, increase in size of Al
(F20% ) 5.6 - :
— 0 4.8 05 models, and increase in data
3.2 ' 0.4 .
AL 0.2 22 . 30 = Growth in demand and awareness for large
1.9 23 -!-' BT n language models (LLMs) — for e.g., ChatGPT
FY22 FY23 FY24 FY25 FY26 = |ncrease in model deployments from test to
Edge! CAGR +24% On-prem! CAGR +10% [l Cloud (laaS) CAGR +41% prOdUCtion

Note: [1] Includes storage and support revenue
Sources: (a) NetApp CSO, June 2023; (b) 2022H1 IDC Al tracker; WW laaS/PaaS workloads overview and trends, 2023; (c) WW Public Cloud laaS and PaaS workloads forecast, 2021

2023 Len@vo NetApp . A” rlghts reserved . © 2023 NetApp, Inc. All rights reserved. — NETAPP CONFIDENTIAL —
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[ Data Labeling

Data Sources

(Ingest/Signals, data
lakes)

Model ; Al/ML Data
Deployment Creation Flywheel

(Inferencing) ) A |§Qﬁﬁﬂ§§?—§%

~

‘ Model Validation Model Training

2023 Lenoevo NetApp. All rights reserved.
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= Uncertainty and difficulty of = Scaling across multiple Al projects
DIY infrastructure .

Handling multiple data sources
= Fast evolving software stack especially across clouds

65% of NetApp

customers seek help with

these storage and data @ Data Integration

management challenges *

= Al Environment troubleshooting, ROI, = Qutdated policies and frameworks
visibility-monitoring = Tools that find attacks rather than
=  Support for multivendor prevent them

technology stack

The root of the problem: overly streamlined and simplified data environments

2023 Lenaevo NetApp. All rights reserved.



EEE | enovo

B e ALEEeEHIDT: 1IBRRREhInZ—

Driving Flash and Object

Al & Analytics Solutions Revenue FY ($M)
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mRevenue ($M) 13 33.3 101
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5x

Run 5 times more data

<60 seconds ~20 minutes

Copy datasets in seconds Quickly configure your Al infrastructure

through your pipeline. rather than in hours or days. with Ansible integration.

NetApp Al has won eight Al industry awards since 2019

A Leader in Gartner Magic Quadrant 4 years of Al experience with hundreds
for Primary Storage Arrays of published documents and 30+
ARTIFICIAL INTELLIGENCE dedicated Al team members

EXCELLENCE
AWARD

2022

A Leader in Cloud File Systems

Top NVIDIA partner, 4 years of continual
development with NVIDIA .

A Leader in Object Storage STRATUY

2021

AwaARD

,M ,

rREAKTHROUGH
AWARD

2022

Over 400 customers Wai‘fﬁiwide
A Leader in File-Based Storage

EEEEEEEEEEEEEEEEEEE
VISION SOLUTION
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2023 Lenovo NetApp. All rights reserved.
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Al Training & Hybrid MLOps

Hybrid MLOps platform provides consistent Al Training & Hybrid MLOps
experience for data scientist Reduced cost Flash
Domino Data Labs and Red Hat OpenShift Al NES over RDMA with GDS
}.I,_V\DOMINO ML/DL Training
” YT ONTAF : Performance Improvement
B - C-Series QLC NFS over RDMA with GDS
aW BIueXP Keeps scare GPUs processing
' ONTA® AFIC:_,ig(r)i(()a ; I(gi_f(o:rm
Solution Update SageMaker, Kafka, Spark Modernize Hadoop - pNF%
NVlDé'AéfZ?esﬁfeOA[\)r é/;l]littg(l:\tlj:eApp o FSxN S3 Unlock PBs of storage for GDS
’ imi ' Al and Analytics
DGX A100 & DGX H100 Optimized workloads on Object y
spans &0

FIexPod

XCP
E A StorageGRID'
8 kot :

INNOVATION STREAM

2023 Lenavo NetApp. All rights reserved.
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NetApp StorageGRID®

NetA NetApp NetApp FlexCache NetApp Storage
ONTAPE pgelect Snapshot™ SnapMirror® FlexGroup All-Flash Array Cloud Sync

Lenovo NetApp. All rights reserved.

FlexClone® Efficiency FabricPool <
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mmm NetApp
Al Data Pipeline (simplified)

Ingest Data Prep Training Cluster Deployment Analysis / Tiering

[P | o | &

: IBM Cloud MW Microsoft
— BN Azure

2 GoogleCloud WS

Data collection « Aggregation + Exploration « Deployment + Cloud Al (GPU instances)
Edge-level Al « Normalization + Training «  Model serving - Cloud tiering / bursting

Key Object/ File/Object NVIDIA Data Ops
Value-Adds ONTAPS3 |  Dualty | ' oXChe | cwoee - BluexP Toolki

Hybrid & Capacity Flash Capacity & Performance Flash 1P & 3P
FAS and AFF C-Series AFF and AFF A-Series FSXN/ANF/GCNV and CVO

Object — StorageGRID

Range of price/performance packaging & deployment localities

2023 Lenavo NetApp. All rights reserved.
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——— 100 GbE — NFS & Client access
200 Gb HDR Infiniband
e Uplink- 100/40 GbE

475 5 DGXHL & N

POWERED BY

<ANVIDIA.

« DGX A100/A800 fIK %% %%
* 8x A10/A800 0 SXM2 GPUs —
55k CUDA cores, 3456 TensorCores — /5155 PFLOPs FP16 B
- 600GB/s NVLink
- 8x HDR IBEIT, 2x 100Gb LA A 1 —

« AFF A800 / C800 f£fi& &4t

e 1x HA Pair / 4 A100 77 15
e 48x NVMe SSD
*  100GbE M %%

o RN
« 2x Mellanox QM8700 15 ™ 2%
200GB HDR InfiniBand

+ 2x Mellanox SN3700 {#fi F11 %% 7 i 1 1) ]X) 8%
* 100GB Ethernet (NFSF{%%)

2023 Lenovo NetApp. All rights reserved.
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NotApp ONTAP Al with NVIDIA DGX A100 Systems
NVA Design

GPU Compute 1x DGX A100 2x DGX A100 4x DGX A100 8x DGX A100

File Storage 1x NetApp C400 1x NetApp C400 1x NetApp C800 2x NetApp C800

Networking 1x SN3700, 1x AS4610 2x Mellanox SN3700, 2x Mellanox QM8700, 1x Mellanox AS4610

Infrastructure Mgt Svrs, 1x Rack, PDUs Management servers, racks, PDUs q,é;

In addition to the 4 standard configurations above, customers can now specify any number of DGXs 1-8, and their choice of an A400, A700, or \
A800. Arrow will quote pricing on this custom configuration plus the additional BOM elements necessary for the ONTAP Al integrated solution.

2023 Lenovo NetApp. All rights reserved.
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? m L =|= ﬂ | L -E Question: What is your choice of file system for the Al/DL Data Tier
-

NFS 32.38%
?&?E?Si (BB /N ST R RS2 ::FS :ZZ
RS B — —
) = Exit 7.62%
- ER GRREL. SERE uats —
= Hmn. HE. RE s 4.76%
= #EEE(RDBMS/NoSQL) i 286%
MR | ol | DGXEWEEN | M RS TR 1
BRSO NA 10Gbe XISAFE, NFS, SEMFHFRIER/INSHEREMATE i
HPC NA 10/40/100Gbe 1B Hgi# %%%ggjt%%?ﬁ%, B RRTFEMEREAAY
DL 256x256 E & Yes 63 millionimages 10Gbe NFSE/ N HESEESRFE
DL 1080p B/ Yes 13 million images 10/40Gbe IB =MERENFS, HPCERERSR, BHA
DL 4K B & Yes 5 million images 40Gbe IB =I4RENFS, HPCIFIERS, SH A, BT R3GB/s+
DL EE4E R Yes 1 million images IB 40/100Gbe =MEENFS, HPCIFERS, BFA, BTR3GB/s+
DL AEFFEIRER no NA IB 10/40/100Gbe MaERE L, SR RER R BB M A R EARXK

https://docs.nvidia.com/dgx/bp-dgx/index.html#storage scaling

2023 Lenovo NetApp. All rights reserved.



https://docs.nvidia.com/dgx/bp-dgx/index.html#storage_scaling

e EaBE1FERFlexGroupEH

RARREXSLE

HA PAIR HA PAIR HA PAIR

/voll l l Ivoll/vol2 | = = =
l% l% /FlexGroup
FlexVol volumes % 3 FlexGroup volumes 24 Rt 40
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« Zero-touch&=1#

HA PAIR = HA PAIR 7
= . EIREEERA
L n =3 : ®
5 FabricPool
o
p g
3 atha 43
= SSD 5 3
@ 2
o 3 Private
- ® StorageGRID’
O Cloud
g
s
Object Storage | Public
Before After Cloud

Active data Inactive data

2023 Lenovo NetApp. All rights reserved.
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System memory System memory System memory

NFS client NFS server
un] |am au] jum un] |um
un] |un] CPU un] |um] CPY un] |=s] CPY

A A 2% 200 Gbps
S .8 -8

PCle switch NICs Storage

RoCE

GPU GPU GPU

NFS over RDMA with
NFS over TCP NFS over RDMA GPUDirect Storage

GDS — GPU Direct Storage HFEAFMETINR, HAMBLZIEFEMN GPU A7 Z RS | ELHHEHE B8 A2
GPU Ei#: RDMA F1 GPU EEA7fif#%, B Vi@ CPU WAEHRZEMIXASNE UL, FHfE NIC BifFfig#si

HEENAAUIR C DMA D 5128, BeS{E HEgE DB AR N Y GPU WAE, KL, FrAXE#ifies
45 CPU BY GPU #¢Rfiid,

2023 Lenovo NetApp. All rights reserved.
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@ signin @ English & All NetApp

" NetApp What are you looking for? Q Solutions & Products v Explore NetApp v How to Buy v Support & Training v

NETAPP ONTAP REACHES
17161BPS WITH NVIDIA
GPUDIRECT STORAGE

stwag S—

NVIDIA ONTAP Al ANALYTICS
Table Of Contents .
-4 David Arnette
- Areminder about how NVIDIA April 28, 2023
GDS works
& ]
- How ONTAP and NFS Ayear ago, | wrote a blog post about NetApp® ONTAP?® support for
improvements help GDS NVIDIA GPUDirect Storage™ (GDS) technology at a time when GDS
optimizesresourcesiorAlML: and the surrounding ecosystem were still very new. As with many things Z“éi'ﬁ:gey
- Testing to prove optimized that are new, there’s always a lot of room for improvement, and our initial NetApp s
performance

release of NFS over RDMA was no exception. I'm happy to say that, as

2023 Lenovo NetApp. All rights reserved.
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< Q 3

{a} Home

¥l i NetApp-

Q Favorites
i= Collections
0 My items

@ Shares

My [tems ¢

[ All content

BB workspaces

|~® Insights

¥ Start or Open an Analysis
t @

Useful Resources Sample Report

=l

Collapse €|

2023 Lenovo NetApp. All rights reserved.
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I <« - C o Q8 https://viewer.mediafly.com/netapp0330/interactive/52d4415a14584c1aal05faee7ech29c9dproduct63861/index.html b y N @ ¥ o=

B Product BB EBL B AINZA % LMS D Healthcare @ SFDC KD Specialist [ OutlookBtt [ PTs Docs sic MEE ©oazs MLoP S mycwT

= NI NetApp nNetapponTaAP AITCO

M NetApp

NetApp ONTAP Al TCO

Open an existing analysis or create a new analysis.

2023 Lenovo NetApp. All rights reserved.
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1 NetApp  onmap aiTco Analysis Profile | Resuls = Next Steps

Analysis Results

Based on your profile, research on costs and business impacts, and your specific
assumptions, a comparison of the total cost of ownership and incremental business value
potential of NetApp ONTAP API versus cloud.

Total Cost of Ownership (TCO)
Cloud
D Cloud Computing

D Cloud Storage

D Cloud Administration

Total Cloud Cost

On-Prem
l:l On-Prem Compute / Network Hardware
l:l On-Prem Storage Infrastructure
l:l On-Prem Operations
Total On-Prem Cost

Savings of On-Prem

Review Assumptions

Select Review Assumptions and click on each TCO and business value element to review
the metrics used and calculations. Every element can be reviewed and personalized for a
precise analysis for your specific opportunity.

Monthly 1Year 3 Years
$1,384,430 $16,613,165 $49,839,494
$13,850,000 $166,200,000 $498,600,000
$13,411 $160,938 $502,383
$15,247,842 $182,974,102 $548,941,877
$454,984 $5,459,808 $16,379,423
$2,023,200 $24,278,400 $72,835,200
$144,461 $1,733,532 $5,343,502
$2,622,645 $31,471,740 $94,558,125
$12,625,197 $151,502,363 5$454,383,752

2023 Lenovo NetApp. All rights reserved.

$182,974,102

Total Cloud Costs

$31,471,740

Total On-Prem Costs (Leased)

$151,502,363

Savings of On-Prem

$153,470,184

Total Savings and Business Value Benefits
TCO - Yearly Cloud vs. On-Prem Cost

$200,000,000

£160,000,000 Cloud

Storage: $166,200,000
£120,000,000 B —

$80,000,000
$40,000,000
50
Cloud On-Prem
Compute Storage Ml DC+Admin

Incremental Business Value Potential of NetApp ONTAP
Al vs. Cloud

¥1,500,000
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https://www.nvidia.cn/data-center/dgx-basepod/

s ofm: AT ZiERNetApp ONTAP-AI ?

79PB

> 25x Raw storage capacity
versus competition

ox~12x

Reduction in time to develop and
deploy new Al services

#1 NFS

DGX systems usage
NFS by default

Edge Cold data Storage efficiency
solutions tiering St
NetApp® ONTAP® Unified data lake for Al with %Omprests.'on
Select Lenovo NetApp StorageGRID® ompaction
0 Cloud connected 16X Leader
50% AWS validated architectures
. : - storage capacit
reduction in operating costs M(Slzrgglzﬂcpl\cﬂ;e re%uctign Y FlexPod® 10 years and going

7

2023 Lenovo NetApp. All rights reserved.

~



Lenovo

ame
mmm NetApp

H =

Contents

- NVIDIA DGX SuperPOD
with NetApp

2023 Lenovo NetApp. All rights reserved.
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Storage Building Block Overview: BeeGFS + EF600

NVIDIA DGX A100 Systems
20-140 systems for SuperPOD
Each system contains 8x A100 GPUs

NVIDIA Quantum Switches
400 / 200Gb HDR InfiniBand

1 Storage Building Block Contains: |
2x 2U x86 BeeGFS Servers (400Gb in Gen2)
2x 2U NetApp EF600 all flash storage

2023 Lenove déaipp amdtsriglad s reseca@divma —



it et NetApp BeeGFS Pod Building Blocks

Metadata + Storage Option (Converged)

Bandwidth R/W GB/s 66 / 22
IOPS R/W 1.3M / 900K
MLPerf Training img/sec 155K
Est. Max Usable Capacity 431 TB
Storage Option (Standalone)
Bandwidth R/W GB/s 741 24
IOPs R/W -
MLPerf Training img/sec -
Est. Max Usable Capacity 538.6 TB

2023 Lenovo NetApp. All rights reserved.

Storage Building Block:
2-socket x86 servers
EF600 storage arrays

HDR (200Gb) 1B
8U rack density




2 e NetApp BeeGFS Pod Building Blocks(Gen?2)

Replicated for each EF600/SR665 building block

ip1 Storage Service 1
Metadata Service 1
., - Storage Service 2
Metadata Service 2

Host Connections to IB Switch 1

Host Connections to IB Switch 2

Controller A:

NetApp EF600
(Array 1)

Data

Meta

storage_tgt 101
storage_tgt 102
storage_tgt 201
storage_tgt 202
metadata_01
metadata_02

ib5

ip3 Storage Service 3
Metadata Service 3

Data

Meta

Volume Configuration

storage_tgt 501
storage_tgt 502
storage_tgt 601
storage_tgt 602
metadata_05
metadata_06

2023 Lenovo NetApp. All rights reserved.

Storage Service 4
Metadata Service 4

BeeGFS Services and
Preferred IB Ports

Gen2 Building Block Diagram (8U)
Lenovo SR665 (Host 2)

BeeGFS Services and

Preferred IB Ports

NUMA O

ip1 Storage Service 5

ib7

Metadata Service 5

Storage Service 6
Metadata Service 6

NUMA 1

ip3 Storage Service 7

Metadata Service 7

... Storage Service 8

Metadata Service 8

Data

Meta

Controller A:

storage_tgt 301
storage_tgt 302
storage_tgt 401
storage_tgt 402
metadata_03
metadata_04

Controller B:

HA PAIR

Volume Configuration

Data

Meta

Note: All volumes are mapped to both hosts allowing for optional creation of a shared-disk high availability cluster.

NetApp EF600
(Array 2)

storage_tgt_701
storage_tgt_702
storage_tgt_801
storage_tgt_802
metadata_07
metadata_08
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200Gb HDR InfiniBand Network

KOOk
§ | R

KO0k e
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HA PAIR HA PAIR
2 >
HA PAIR HA PAIR
= >
Scale Out (Capacity + Performance) 4 !
T
Bandwidth R/W GB/s 66 /22 132/ 44 198/ 66 g \
IOPS R/W 1.3M / 900K 2.6M/1.8M 3.9M/2.7TM )
MLPerf Training img/sec 155K 310K 465K ‘QF
Est. Max Usable Capacity 431 TB 862 TB 1293 TB
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EF600 HPC #HEZM TR NVMe MR IERS T HRE%r .

o 50M 1ops* 250US avg latency
QN

EF600
Systems

Bandwidth

1. 100GRB Delivering the Data 'ﬁf et \
] » :

* 4K block random reads dual parity

2023 Lenavo NetAppud righis reservede covroenma —
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fEIMCPUR % 571, RIRRERGPUMAFE = [8]HY 15 (o) ZE RS

| pr— ¢ @EE  —| =0
. . B8 r : : o
CPU ‘ I I CPU
GFS'
HA PAIR
|
BeeGFSHITI# + 200Gbps IB "
Without GPUDirect Storage With GPUDirect Storage

E] Systerm Memory EE NVMe D PCle Switch GPUDirect Storage

GPUs vs Throughput Average Worker Latency

= GDS (NVMe ->GPU) == = mmap (Read from Active page cache) + cudaMemcpy + cudaMalloc Memory
mmap (Read from Disk) + cudaMemcpy + cudaMalloc Memory = mmap + cudaMallocManaged (Stock Bits)

Throughput (GB/s)

Bounce buffer

= GPUDirect Storage == cuDF optimized - bounce buffer but no faulting
Original cuDF with faults, bounce buffer, unpinned

25 30
20
20
15 B
>
o
c
10 o
3 10
5 L oe®
0 0
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
GPUs GPUSs
Figure 4. GPUs vs. throughput Figure 5. Latency comparison for cuDF read_csv

P " 4 AR
GFS’ B AL FE A

B gEE
HA P:'R ML / sec

PCle

Comparison of Transfer Methods: Bandwidth/CPU Utilization
= GDS = CPU bounce buffer Page cache
15

10

Bandwidth per CPU GB/s/Core

A A g \J 2 N & Ng
FoF .{1‘3’*- ,ﬁ:d. 6\’& N

10 Size

R

Figure 7. Bandwidth divided by the fractional utilization of the CPU core. GPUDirect Storage incurs far less
burden on the CPU at larger transfer sizes.

Source:https://developer.nvidié.com/lg/gpudirect—sibnlage/
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B nfinband HOR >

4X200Gb HDIE/ i 4X200Gb HDR \ﬂ 4X200Gb HDR

&1t 1&E | B 7/ Build Block

Fl NetAppr Il NetApp
Storage Build Block-1 Storage Build Block-2
2023 Lenovo NetApp. All rights reserved.
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