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Safe harbor statement

The following is intended to outline our general product direction. It is intended for information
purposes only, and may not be incorporated into any contract. It is not a commitment to deliver any
material, code, or functionality, and should not be relied upon in making purchasing decisions. The
development, release, timing, and pricing of any features or functionality described for Oracle’s
products may change and remains at the sole discretion of Oracle Corporation.
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Agenda

* On-premises CAE workload challenges & market trends
« HPC/GPU cloud benefits

« Oracle HPC/GPU offering

« HPC/GPU price/performance

« HPC/GPU Security Design

« HPCGPU Partner Ecosystem - CAE

« Why Oracle Cloud Infrastructure?
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Oracle’s HPC journey
>
dlilglilt[al1 %@Sun
DEC, 1994 Sun, 2010

Mellanox, 2010
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AMD - Milan, 2021
Intel — Icelake, 2021

AMD - Rome, 2020

N\ Mellanox
M\ Mellanox NVIDIA — A100, 2020
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RDMA, 2019

8x Volta, 2018

2x Pascal, 2017

Bare Metal, 2016




Oracle Cloud Infrastructure Global footprint
Aug 2021: 30 Regions Live, 14+ Planned; 8 Azure Interconnect Regions‘_

_ B -

Y .

== = -

#ts, : =g - '
L 2 ; = J -
“Wlonoor -

Z AMSTERDA

»

: CARDIFF
\ fe

IMONEREAL

e a8 - .
77 =

SAN JOSE, CA 5 |
PHG

r
.

BAI P
HYDERABAD ¥

™ HPC or GPU Regions
(0 Commercial
() Commercial Planned
Government
Government Planned
mm Microsoft Interconnect Azure
_J Microsoft Interconnect Azure Planned
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True disaster protection with compliance in all regions
* Dual cloud regions in 6 countries and EU today

*  Multi Availability Domains (4)

* 3 Fault Domains per Availability Domain

Confidential - © 2020 Oracle - NDA Native multi-cloud support (@)
» 7 cloud regions with Azure interconnect



World Class Security and Compliance
Keeping your data safe and compliant with industry standards

PC GLBA
£ £

Payment card industry data security standards Gramm Leach-Biley Act

SSAE16 SOC 1 And SOC 2 NIST SP800-53

ﬁ Etatement on Standards for Attestation ﬁ National Institute of Standards and Technology
ngagements

ISO 27001 (SoA) -

ﬁ An information security management system ﬁ Federal Information Security Management Act
standard

Cr FedRAMP, G-Cloud, IRAP & UK Data Protection Act
HIPAA . - -

ﬁ Health Insurance Portability and Accountability Act ﬁ EU Data Privacy Directive 95/94/EC
Sla S : N FIPS 140-2

ﬁ DOD Information Assurance Certification and ﬁ el e Bieasssing Sarckie

Accreditation Process
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How Customers Benefit From Moving HPC/GPU workloads to the Cloud
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Oracle Cloud Infrastructure for HPC/ GPU

Maximize your compute spend to deliver
innovation fast
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“What we really liked about the bare metal
offering from Oracle is that there was very little
technology between us and the hardware.”

David Standingford
Director and Co-founder




Run HPC on leading-edge processors

AMD 1

EPYC Standard
Instance - available now

Based on AMD EPYC
architecture

Both Bare-Metal & VMs

Cores: 1-128 cores
(2.25Ghz base with up to
3.4Ghz boost)

Memory: up to 2TB

100Gbps overall network
bandwidth

* Planned for 2021

12

(intel.

Skylake processors -
available now

Intel Gold Xeon

Cores: 18 cores with 3 GHz
Clock speed and 3.7 Max
Turbo frequency

Memory: Up to 768GB

Copyright © 2020, Oracle and/or its affiliates. All rights reserved.

(intel.

X9 Next Gen Intel
Instances*

Next Gen Intel processors

Cores: 1-36 cores with
High-Frequency (3.x Ghz+)

2x 100G RDMA
Local NVME SSDs

Scale to 1000s of
cores per cluster

<3

NVIDIA.

GPU Bare-Metal
Instances *

NVIDIA Ampere
Architecture

Both Bare-Metal and VMs
GPUs: up to 8 (for BM)
Memory: Upto 2 TB

1.6 Tbps RDMA




FREREERAEEFHAMRINNE

Application Cores LHR X9 Cluster Time (HH:MM:55) LHR X7 Cluster Time (HH:MM:55) %Gain on X9
108 01:57:10 02:27:25 17.73
Abaqus
216 11:34:17 14:19:52 19.26

RIS
4 OIS
P AR AP A AP
IS
' o
s
4”&

Intel & _CHYERZE =1CAICPU, |  intel __

4

AbaqusXEEIR FT17~19%+ XESON _

3rd Gen Intel® Xeon® ORI,
Scalable Processors S
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“Oracle shows the best performance due to the
combination of the latest generation of computing
hardware and low-latency / high-bandwidth
interconnect network that facilitates efficient.”

Timur Bazhirov &
Mohammad Mohammadi
Founders, Exabyte.io

EXABYTE.|I




Z4E5 - IEBIERDMA £

- BB N EAReEE EEREE] RDMA Switch GPU Servers* E Aty
«  EEEEE- Up to 20,000 cores #£—1E RDMA £ %% — =
o RERE, RER, REREI00% HPCUEEIRZ

= X X

* 1.5 us latency, 100Gb/s

1.5 ps latency, Cluster RDMA
100Gb/s network Network

*Planned for 2H 2020
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“Oracle Cloud is the only major cloud provider delivering
Spectrum Scale in a shared-storage architecture on bare-metal
hardware. The Oracle offering has been tuned for the demands
of HPC and big-data analytics and offers 10X performance
advantage over virtualized cloud offerings, improved flexibility,
scalability, and manageability.”

Michael Sedimayer
President, Re-Store

Re-Store | AL




Oracle HPC Solutions

ORACLE Croud Markstplace

CFD Ready Cluster m
ORACLE

Ouche Cloust Home  Puthshers v Pescurces v & Sonh Englen v

Oracle Cloud Inrastruchure High Performance Computing

000060

ORACLE Cloud Markstplace

OCI HPC File System (HFS) m
ORACLE

ich Pariorriares
Computing

COracle Cloud Infrastruchurs | Big Data , High Partarmance Computing , Storage Contaet Listing Proviser

CFD Ready Cluster*

Everything you need to start running
your CFD workloads: including CFD
libraries - Fluent, Star-CCM+, Converge,
OpenFOAM

Automate your CFD Ready HPC cluster
deployment

CFD Ready Cluster on Oracle
Marketplace

*Note: OpenFOAM and prerequisite libraries are
distributed with the cluster. BYOL applicable for
commercial packages

OCI HPC File Systems (HFS)

Just in three clicks you can have a file
system up and running at peta-byte
scale

Deploy your choice of parallel file system
— BeeGFS, Lustre, Gluster, IBM Spectrum
Scale

OCI HPC File System (HFS) on Oracle
Cloud Marketplace

17 Copyright © 2020, Oracle and/or its affiliates. All rights reserved.

Easy HPC

Simple command line to deploy HPC
clusters of any size on dedicated bare
metal HPC compute

No expertise of Terraform or OCI
resource manager required to launch
network clusters

Deployment includes a complete set of
software packages for running parallel
processing with RDMA

Customizable to execute your own
terraform scripts

Oracle quickstart on GithHub



https://cloudmarketplace.oracle.com/marketplace/en_US/listing/75645211
https://cloudmarketplace.oracle.com/marketplace/en_US/listing/75560175
https://github.com/oracle-quickstart/oci-ocihpc

4

REMEIRTERICAE EEEFIREAIRIE - 3 Clicks Only

N

https://www.voutube.com/watch?v=Gjf5L3TcsDO
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https://www.youtube.com/watch?v=Gjf5L3TcsD0
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OCI offers supercomputer-level performance and tests higher than AWS

and Azure

OCI provides on-premises levels of performance

10000 OpenFOAM -24M Cell Model
-0
. I T Pt
e . o
1000 S . ¢
8 e
.' P
= o' ------ @ Oracle BM.HPC2.36
<. 100
u s
Q
ICH @ Osaka University
2
©
o e @ |TO, Kyushu University
a
@ Focus Compuational Science
Research and Support Center
1
0 5 10 15 20 25

Nodes
OCI HPC vs On-premises Supercomputers
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Speed [Steps/hr]

OClI outperforms AWS by 164% and Azure by 278%
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OCl vs. competition
Evaluation performed by Open CAE




RDMA Cluster Networking benchmark

« ® OL-NHT
'}/ s AZ-IB-H
1000 e "/‘ » AWS-NHT

o o ¢ AWS-NHT-C5
-
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£
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g
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Number of Bytes

OClI vs. competition
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Bandwidth (Mbytes/sec)

Throughput
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OCl vs. competition

https://docs.exabyte.io/benchmarks /2018-11-12-comparison/



https://docs.exabyte.io/benchmarks/2018-11-12-comparison/

Dataflow - Sample (Schedule Job{k1E & B & K)

Rclone (Files downloaded to compute nodes)

Portal
IBM LSF

1] [
=]/
|
|

Job submitted

E @
Gaa .o
LSF triggers =

by user
Rc_lone Sotg:ggz Function in Bucket SI rl I I 0 0 Object
(Files waorkload manager o . Storage Event + Function
pushed by
OnPrem)

HPC Clusters

Rclone (Files downloaded OnPrem)
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Why HPC/GPU is better on Oracle than other clouds
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B A M REAN Il /K 42
EStEEMEREREHRIMELL-
Oracle is 44% less expensive than AWS
for CFD workloads.

=
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Get extreme low latency storage for
shared-nothing architectures or fast local
scratch storage

HREAINFRE - FIFEMREHE
1@%%ﬂ%h%% 32TB - &0/
SLA

O SRR THENERAREI R
E%EPSIB%EP ETTIEEE
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HPC/GPU Price and Performance
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Pricing comparison - HPC Shapes

Price Comparisons across 3 regions for HPC Shapes

Oracle price perfprmance is- higher Oracle offers globally consistent pricing across regions, at lower cost
than our competitor’s offerings than its competitors

Oracle HPC shape has Price Per Core/Hr in Different Regions

+ Bare metal :8:1388

+ Thelowest network latency 258.11588

* More memory per core $0.0800
$0.0600
*  Morelocal NVME SSD storage $0.0400 I I I I
- o g $0.0200
* Low and consistent pricing

$0.0000
Oracle BM.HP(C2.36 AWS c5n.18xlarge Azure HC44rs GCP n2-highcpu-80
36 Cores 36 Cores 44 Cores 40 Cores
% :

Any cgm_pute can be u*igd for HPC, the instances here A EBS-Only S Elastic Storage
are the “High Frequency” instances offered by the (257 TB)
respective cloud

384 GB RAM 192 GB RAM 352 GB RAM 80 GB RAM
RDMA Available EFA Available RDMA Available No RDMA
100 Gbps 100 Gbps 100 Gbps 32 Gbps
(RoCEv2 RDMA) (Nitro EFA) (IB RDMA)

M Series] Series?2 M Series3
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Lower product pricing than other clouds

Virtual Machine Standard ($/0CPU/Hour)

Virtual Machine Dense 10 ($/0CPU/Hour)

Bare Metal Standard ($/0CPU/Hour)

Bare Metal Dense 10 ($/0CPU/Hour)

Kubernetes Cluster (monthly, 50 cores, 750GB RAM)
Block Storage High 10 (monthly, 400GB 30K IOPS)
Object Storage ($/GB/Month/200M Requests)

Data Archive ($/GB/Month)

Internet Data Egress (50TB/Month)

Private Line Network (1 Gbps, 100TB Data, Monthly)
Site to Site VPN

Copyright © 2020 Oracle and/or its affiliates.

$0.0638
$0.1275
$0.0638
$0.1275
$2,297
$23.80
$0.7055
$0.0026
$340 (10Tb Free)
$155

$0

+49%
+18%
+45%
+4%
+56%
+7900%
+13,00%
+35%
+1,300%
+2,100%
$35

+49%
+48%
N/A
N/A
+50%
+2,900%

+400%(1E %)

-30%

+1,300%

+3,700%
$30

+46%
+20%
N/A
N/A
+32%
+400%
+1,100%
+63%
+1,300%
+1,500%
$35
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GPUE (V100): L& - SR AR

ORACLE AfL
Compute Att Compute
(BM.GPU3.8; (p3.24xlarge;

8GPU, 520CPU, 768GB) 8GPU, 96vCPU, 768GB)
$2.95 S5, 348/R| 3.153
/GPU/BF /GPU/BF

M#t

VM

(NC24s v3;

4GPU, 24#%10», 448GB)

$4.194

/GPU/E
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Isolation: threat containment and reduced risk

29

1st Generation Cloud

VM/ VM/ VM/
Guast Guact Cungt

VM/ VM/ VM/
Guest Guest Guest
(0 0S (0

P

Server Virtualization
Hypervisor
Network

VM/ VM/ M/

Coroct Pt Conct

VM/ VM/ VM/
Guest Guest Guest

Server Virtualization
Hypervisor
Network
Virtualization
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Oracle 24 Generation Cloud

M/ VM/
Guast Guact

VM/ VM/ VM/
Guest Guest Guest
oS . 0OS 0S

4

Container (Optional)
Hypervisor

Isolated Network

Virtualization

VM/
Crast

4

S

VM/ VM/

Cainct Ciinct

VM/ VM/ VM/
Guest Guest Guest
0S /] OS oS

4

Container (Optional)
Hypervisor

VM/
~riast
S

Isolated Network
Virtualization

Isolated Network
Virtualization
Security Prevents
Lateral Movement




Multiple layers of defense in depth

Edge Services

Global PoPs
DDoS Protection
DNS Security
WAF Protection

Copyright © 2020, Oracle and/or its affiliates. All rights reserved.

Monitoring

3rd Party Security
- FW
- NGFW

- IPS

User Monitoring
Configuration
Monitoring

Logging

Virtual Network

* Interface
Segmentation
Security Lists

Private Networks
Bastion Access

SSL Load Balancing
FastConnect (Direct)
FastConnect (Carrier)
IPSec VPN

Compliance

<lllll..---lllllll...---llllllll..-

|dentity

* |dentity Federation
* Role-Based Policy
* Compartments & Tagging
 Instance Principals

Data

Instance « At-Rest-Crypto

Tenant Isolation : ngeuard

Hardened Images « In-Transit-Crypto

Virtual Taps - SSL/TLS

Hardware Entropy — NNE

SSH Keys . Kevs

Certificates i

— Managed Keys
— Custom Keys
— Managed Vault

Root-Of-Trust Card
Signed Firmware
Hardware Security
Modules

Internet




Key service to protect your environment
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Oracle Cloud Infrastructuref1Z{E £

. OCI 2FERIEB (2 - SHRBAEAUBBRAIR )
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Maximum Security Zone
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Cloud Guard
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Cloud Guard

Pervasive watch and kill

= (Cloud Guard constantly watches and collects data
from Audit, Data Safe, OS Management, Logging,
and Network Flow Logs services.

» Gen 1clouds don't offer a unified system to collect
data from all services.

= (Cloud Guard analyzes data, and detects threats and
misconfigurations. It can alert you, and better yet,
it can kill threats with no human intervention.
» Gen 1clouds are only reactive and alert you. You're left

with the hard, slow, and manual task of killing the threat
yourself.

33 Copyright © 2020, Oracle and/or its affiliates. All rights reserved.

Cloud Guard

Q

Pervasive Watch

Hunt & Detect

@

Kill Threats

®




Oracle Cloud Guard : E&R
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Maximum security zones
Maximum security can be easy and always on

35

Oracle Maximum Security Zone is a zone within
your environment where security is not a choice. It’s
always on.

Resources launched in this zone will be on
dedicated infrastructure with the highest levels of
data encryption and network security.

Gen 1 clouds offer a long list of security tools that
are extremely complex to set up, and very easy to
screw up.

Copyright © 2020, Oracle and/or its affiliates. All rights reserved.

ORACLE

Cloud Infrastructure




Security Zones » Recipes » Recipe Details

Security Zones - Maximum Security

This Recipe is Oracle managed and its polices cannot be modified

= ORACLE Cloud Search for resources, services, and documentation USDevWest(Seatte) [\ (2 B & O

Maximum Security Zone 2020Q3

Security Zones Security Zones A
Security Zones automatically enforce security standards and best practices on resources in selected compartments. Users cannot create or update a resource in a security Details
. zone if the action violates a security zone policy. Learn More
Overview
Heclpes Create Security Zone OCID: ...18ip7pimlq Show Copy
Name Status Recipe Created
DockerizeCanary. @ Active Maximum Security Zone 2020Q3 Fri, Jul 24, 2020, 22:32:33 UTC o
Policies
lgor-SZ-in-root @ Active Maximum Security Zone 2020Q3 Sun, Jul 26, 2020, 19:16:25 UTC
MSZ Comp @ Active Maximum Security Zone 2020Q3 Thu, Jun 4, 2020, 17:21:55 UTC Policy Statement
MSZ demo _comp @ Active Maximum Security Zone 2020Q3 Wed, Jun 3, 2020, 23:38:31 UTC DENY PUBLIC_SUBNETS

DENY PUBLIC_BUCKETS

DENY DB_INSTANCE_PUBLIC_ACCESS

DENY BLOCK_ \NOLUME_WITHOUT_KMS_KEY

DENY BUCKETS_WITHOUT_KMS_KEY

DENY MSZ_VOLUME_ATTACH_TO_NON-MSZ_INSTANCE
DENY NON-MSZ_VOLUME_ATTACH_TO_MSZ_INSTANCE
DENY DB_INSTANCE_WITHOUT_BACKUP

DENY RESOURCE MOVEMENT FROM MSZ TO NON-MSZ

36 Copyright © 2020, Oracle and/or its affiliates | Unrestricted




Deploy virtual desktop infrastructure (VDI) with high-performance computing (HPC)

—— G > Y 1EZERIVDI 75 ZE U - Citrix 3 Open
1 egio | Source VDI.
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| | MIEEMEFENZEZBRITELEES - LIk
o | FE B ITHPLEENE -

|
|
VDI Server License Proxy | Object !

[ T z2EEHREEESZEMNEDR - Orade B

Load Load Bastion
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