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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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Architected for superior performance

Faster components than other clouds, on par with on-premises

« Bare metal, VMs, GPUs, local storage, block storage, database

More available network bandwidth between components

* No over-subscription, no noisy neighbors, very low latency

First RDMA cluster offering 1.5 microsecond latency in the cloud

» The toughest on-prem workloads can now run in the cloud
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OCI Region — HA Building Blocks

« Multiple fault de-correlated, completely independent datacenters: Availability Domain (AD)

» Grouping of hardware and infrastructure within an AD: Fault Domain

» Predictable low latency & high speed, encrypted interconnect between ADs

AD

Rack Rack Rack

AvaiIabinty Availapility
REGION DATACENTERS [l pomain 3
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Oracle Cloud Infrastructure Global Footprint
« As of October 2019

_— LONDON
H
2 B FRANKFURT
TORONTO H M zURICH
cHicao W g
[ [
ASHBURN
PHOENIX ¥ H
H s
. Commercial
SAO PAULO
. Government N
B® Microsoft Azure
Interconnect

5 Copyright © 2019, Oracle and/or its affiliates. All rights reserved.

[l MUMBAI

seouL B ToKYO

sYDNEY




Oracle Cloud Infrastructure Global Footprint
* End of CY2020: 36 Oracle Regions
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Inside an AD — High Scale, High Performance
Network

* Non-oversubscribed network; no noisy-neighbors
 Very high scale — ~1 million network ports in an AD

 Predictable low latency & high speed interconnect between hosts in an AD
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RDMA Switch
Top of Rack
Switch
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Why are we better?

In other clouds, data has to go
through a VM and a hypervisor
before it can access the
underlying server hardware

Other clouds automatically
distribute the VMs across the
entire datacenter

This adds significant latency and
un-predictability in performance
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RDMA Switch

Why are we better?

Oracle connects the servers

s N

directly to the RDMA switch :
i\ Server)i

No hypervisor, no virtualization, it 0
no Jitter
:\ Server):

v N

We allow customer to chose
their own placement to i . !
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Industry-first cluster networking

Cloud-first network for ultra low latency and high bandwidth

CPU Servers GPU Servers* Exadata* Block Storage*

00 80 il 66

1.5 us latency, 100Gb/s Clustered RDMA Network

For high performance workloads (HPC, Database, Big Data, Al) including the hardest product
development workloads like CFD, Crash Simulations, Reservoir Modelling, DNA Sequencing

Coming Soon: GPU Bare-Metal Instances with 8 GPUs, 2TB RAM, 25TB local NVMe storage,
and 8x 100GB Network ports for cluster networking and RDMA

*Planned
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Off-box Network Virtualization

Off Box Network Virtualization — moves storage and network IO out of the hypervisor and
enables lower overhead and bare metal instances

l
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Security

Architected from
the ground up for
maximum isolation
and protection

1st Generation Clouds:
Most Prevalent Today

VM/
Guest
oS

Se

Network Virtualization

To / From Other Tenants
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2"d Generation Cloud:
Oracle Cloud Infrastructure-Wide

Container (Optional)
Hypervisor

Isolated Network
Virtualization

To / From Other Tenants

Separates
Network and
Tenant
Environment




Oracle Cloud Infrastructure Services
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Networking flexibility and control

Customer data center Oracle cloud region
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Oracle Gen 2 Cloud: Infrastructure

Oracle Cloud offers the best performance per server

ORACLE

Cloud Infrastructure

Oracle offers

Compute 2.57 TFLOPs 1.77 TFLOPs 45% more

Memory 153.02 GB/s 134.03 GB/s 14% more

Block Storage 500,000 IOPS 80,000 IOPS 525% more
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2-5x faster vs. on-prem and other clouds
Backed by performance SLAs

Microsoft Oracle Mixed
SQL Database VDI Workload

350000

300000

250000
Oracle Bare Metal

200000

All-flash array
150000 AWS i3.metal
100000

50000

0

O www.storagereview.com/oracle_cloud_infrastructure_compute_bare_metal_instances_review
https://www.storagereview.com/dell emc unity 450f allflash storage review

StorageReview
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http://www.storagereview.com/oracle_cloud_infrastructure_compute_bare_metal_instances_review
https://www.storagereview.com/dell_emc_unity_450f_allflash_storage_review

End-to-end cloud infrastructure SLAs

Oracle AWS Azure GCP
Availability Covered Covered Covered Covered
Performance Covered No coverage No coverage No coverage

Manageability Covered No coverage No coverage No coverage
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Stronger isolation and control from core to edge

Application

18

Edge Services

Global PoPs
DDoS
Protection
DNS Security
- WAF
Protection
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Monitoring

 3rd Party Security
FW

» User Monitoring

» Configuration
Monitoring

* Logging

» Compliance

Virtual Network

Interface
Segmentation
Security Lists
Private Networks

Bastion Access

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

Instance

Tenant Isolation
Hardened Images
Virtual Taps
Hardware Entropy
SSH Keys

Certificates
Root-Of-Trust
Card

+ Signed Firmware
Hardware Security
Modules

<llll....lllllll.......lllllll.....

— |dentity

* |dentity Federation
 Role-Based Policy

* Compartments & Tagging
¢ Instance Principals

Data/Database

* At-Rest-Crypto
— TDE
— DataGuard

* In-Transit-Crypto
— SSL/TLS

— NNE

Keys

Managed Keys
Custom Keys
Managed Vault

Internet




OCI compliance: Current audit programs

AR
ISO
N4

27001: 27017 : 27018

Global

SO0C1:S0C2:S0C3

cloud
cs A socurity
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Self-Assessment

E Privacy Shield
Framework

US Privacy Shield

@) FedRAMP
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DoD DISA SRGIL2

A

VPAT - Section 508

HM Government
G-Cloud 11
Supplier

G-Cloud 11 - UK

Model Clauses - EU

Industry

DCVALE:
P
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FI=C

NHS

Regional
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Partner
Ecosystem

Next Layer
Services

Data
Services

Core
Services

Regions
20

OCI - October 2017
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Container Ecosystem Hybrid Services Migration / Hybrid
API Gateway Dedicated Regions VMware Solution

Data Migration

Azure Interconnect

Xadata
Oud(a ISLOME

Identity (AD, SSO, LDAP)

Resource Manager K8S / Container Registry
DBaaS ATP ADW
Autonomous Data

VM and Bare Metal Dedicated  Serverless

Warehouse

ExaCS

Exadata Cloud Service

Analytics

Oracle Analytics Cloud

Compute Storage Networking

VCN

Block
Object
Object Archive
File

Bare Metal

Dedicated
VMs

GPU shapes

Cluster Networking

VMs
Load Balancer

Service Gateway

w/ IPSec

High frequency CPUs

Import Appliance FastConnect

Autonomous Linux Storage Gateway

G&vernance and
anagement

Compartments 1 ags

Logging / Monitoring

Email / Notifications
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Security
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DDoS
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OCI - Now (October 2019)
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OCI - By End of CY 2020
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An economical and powerful foundation

Key resources

Compute

Networking

Block Storage

Database

Performance

Most powerful
instances available

Up to 2x25 Gbps
from the instance
No oversubscription

Superior IOPS/GB
Superior IOPS/instance

Superior TPS
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Price

Up to 52% less than
the competition

Lowest price for
getting or serving
your data

Lowest price for
guaranteed performance
(up to 7900% less)

Superior price /
performance

Reliability

The only Compute
Manageability SLA

The only Networking
Performance SLA

The only
Block Storage
Performance SLA

RAC / Exadata
99.995% with
Autonomous Database




=

Compute

Wide range of
compute services
for any enterprise

use case

Bare Metal

Instance isolation
Highest IOPS
High throughput
Low latency

AMD EPYC

VMs

Security- hardened
hypervisor

Flexible sizing
Dense IO and
Dedicated host
option

Intel Xeon

Local Attached Storage

NVMe SSDs
Upto51.2TB
Millions of IOPS
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Containers Functions
Bare metal Pay per use
performance Serverless
Self-healing Container-native
clusters Open source

NVIDIA GPUs

Remote Attached Storage

NVMe Block Volumes
32 TB / volume
60 I10PS / GB




NVMe SSDs NVMe SSDs HA, distributed Distributed, HA
E Up to 51TB 32 TB / volume file system Self-healing
Millions of IOPS 60 10PS / GB Start with KBs Unlimited
10-100 ps <1ms latency Scale to scalability
StOrage latency Exabytes

Comprehensive,

best-performing

storage services Archive Storage Gateway | Data Transfer

for enterprise

workloads Local NAS-like

performance
Configurable cache

Move petabyte scale data
Option for appliance, disk
No cost to transfer data

Durable object
storage at 90%
lower cost

25 Copyright © 2019, Oracle and/or its affiliates. All rights reserved. E




VCN FastConnect Load Balancing

Fully configurable subnets, Dedicated, SLA backed Choice of TCP, HTTP,
routing, firewalls connectivity HTTP/2

@ Default IPSec VPN No data transfer charges End-to-end SSL
25Gb network 34 carriers, 5in Japan TLS encryption

Networkin g infrastructure

High fidelity Service Gateway DNS
virtual networks
and connectivity Private access without <30ms response time
traversing internet Global load balancing
Full range of laaS/PaaS Traffic management
services covered Network health checks
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Access Control

Resource

Cost Management

\/\/ Integrated IAM for all

Illlll services

GOVeI'Il ance & rS)iorﬁé)ileesrole-based
Management

|dentity federation
Resource principals

Architected from
the ground up for
maximum isolation
and protection

Query API
Bulk export

Custom retention period
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Rich history of all events

Governance

Flexible compartment
structure

Built-in automation
ensures tagging
integrity

Cost analysis dashboard
Budgets
Resource quotas

Detailed, extensible
usage reports

Cost tracking tags

Notifications

Monitoring

Fine-grained out-of-the- Fully managed pub-sub

box metrics Built-in integrations for
Robust, custom metrics popular messaging
Alarms protocols




Customer managed Semi-managed Fully-managed

Oracle
Autonomous
Database

-
Database @

ADW ATP
Oracle Oracle Auto-scaling Auto-scaling
Auto-tuning Auto-tuning
Database_ Exadata Auto-patching  Auto-patching
The most Cloud Service Extreme performance SServe:Ielsli Serverless or

- N patial, dedicated
ComprehenSIVe, VM/Bare Metal Base Rzlé” rack Document APEX
’ . on Compute Data Guard IORM
perfOrmlng Aut utod back Cloud Service/
- VM/Bare Metal utomatea backup, Cloud@Customer
database services Data Guard patching
Auto TDE
Manageability
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The future of comprehensive data platform services

& = =

Oracle
_ Data Oracle
Analytic Science SQL

wn
| |

Data Catalog

E_P

Big Data Database

=
Data Exadata
. : _ 3 Integration

Database ‘ Data Flow
Migration

W

VM/BM Database E s
MySQL

OCI - Block Storage, File Storage, Object Storage

29 Copyright © 2019, Oracle and/or its affiliates. All rights reserved.

Analyze

Metadata

Process
and Manage

Data Store




Oracle Cloud Native Services

2 & =

Management
App Development o iction
| |
API Gateway )" Monitoring

fluentd _

> Events

cloudevents

CLOUD NATIVE Notification

COMPUTING FOUNDATION

Resource
Manager

Functions Container Engine

OCI Services
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Container engine for Kubernetes and Registry

Cloud Native

« Standard Docker and Kubernetes

* Registry Integration

« Integrated with virtual cloud
networking and storage

Developer Friendly

« Streamlined workflow

* Full REST AP

e Builtin cluster add-ons

* Open standards

Enterprise Ready
« Simplified Cluster Operations

e Full Bare Metal Performance and
Highly Available laa$S

« Team Based Access Controls
« Autonomous Clusters

cer

kubernetes

OCI Registry

momOo g
In-flight and at rest
data encryption

OCI Container Engine
for Kubernetes

Customer’s OCI

Account/Tenancy

VM based Clusters and Nodes

Bare Metal Clusters and Nodes

Oracle Cloud Infrastructure

Oracle Managed
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|

Physics laboratory migrates P e "
WebLogic infrastructure . . ——i <\ OV

= Less focus on maintenance, more on
development

“Time to deploy a cluster had decreased from
a half day to 2 minutes”

= Can move disaster recovery to the cloud

= 2 minutes to deploy WebLogic clusters in -
minutes to deploy WebLogic clusters in e X & v 4

Oracle Cloud Infrastructure Container Engine _
for Kubernetes instead of half day 1-10G FastConnect Service to OCI

ORACLE FRANKFURT

\\
.
106 0+ W Dynamic
VLAN 101 Routing  \/C CERN
A cateway
#
s
e
s
#
#

20G

VLAN 101
LAG2

CERN
p— o
100G A% ‘
VLAN 101
VLAN1O1 o

LAG1

®

VLAN 101

LAG1

- Switch-over is needed between LAGs but automatic - LAG 1 cross-connect group
load balancing can be done between cross-connects in LAG 1 consists of two cross-connects

- Bandwidth aggregation is possiblein LAG 1




Oracle Cloud ecosystem
Certified Oracle and partner solutions ready to deploy at a click

Oracle oS, Apps, Networks, Data Analytics,
Virtualization Migration Security Al/ML, HPC
. . Couchbase 14

ORACLE aEACI_e &+ blueprism @ T N
E-Business Suite NG Altair

W g ﬁ .

m Microsoft Micnosat . .
GoldenGate Bé\vnave. A aVIaTrix SQL Server ‘icompellon

IS; Internet Security”

J D Edwa rdS ( §g:ﬁl’QJ’Q%yS>/S (C Center for

- ORACLE ;
PeopleSoft e ® Database H,0.ai
SUSE Solution-Soft F=2:RTINET
Siebel SCYLLA. ) i
. ® ZERO s Kin=tica
WebLogic ubuntu SOWN SpSame
mware corTwems "{NSH|ELD|D SOFTWARE b ANALYTICS

Spend Universal Credits on partner solutions in our marketplace "N
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ORACLE + vimWwalre
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ORACLE + VImMWare

The partnership: Improving the experience of joint customers

Oracle is developing a new product: Oracle Cloud VMware Solution
Seamlessly migrate and extend VMware fleet to Oracle Cloud

A familiar experience with full configurability and management

Oracle joins VMware Cloud Provider Program

Oracle Cloud VMware Solution will be sold by Oracle and Oracle partners
Oracle will provide support for VMware on Oracle Cloud Infrastructure

DN N N N NN

Oracle will also support Oracle Database and applications deployed on VMware
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VMware SDDC on OCI

-EEHEBEEBHE

COMPUTE STORAGE
(vSphere) SN
OCI Compute g a a @ ﬂ
Service ADW / ATP
Gateway

Oracle Cloud Infrastructure - Virtual Cloud Network(s)
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Use cases

Datacenter Disaster recover
extension on Oracle Cloud

Enhance your Business Continuity
strategy, by creating a Disaster Recovery
environment for VMware on OC|

Extend your Data Center foot print to
the cloud, using VMware on one of
the growing list of Oracle Cloud

Infrastructure regions.
vmware
+

Datacenter ORACLE On-demand
migration Cloud Infrastructure capacity

Spin-up additional compute

Seamless Migration of your VMware

workloads to Oracle Cloud, without capacity as you need it, when
the need for re-architecting your you need it.
applications.
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=@ Microsoft Azure - ORACLE
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ORACLE + g% Microsoft

Interconnected Multi-Cloud Solutions for Enterprise

v Microsoft Azure and Oracle Cloud are interconnected today, so you can migrate
and run mission-critical enterprise workloads across clouds

v Unified identity and access management via single sign-on with automated user
provisioning to easily manage resources across clouds

v" Collaborative support of custom and Oracle Applications on Azure with Oracle
Database on Oracle Cloud — connect best-in-class services across clouds

 Available Now: US East, London
* Coming Soon: US West, Government, Asia, and Europe regions
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Enterprise Cloud Interoperability Partnership

Interoperability
ORACLE Cross-cloud SSO and Interconnect i f A
Cloud Infrastructure @ rrasssEEnsssEEEEEEEEEEEEsEEEEEEEEEEEEEEEEEEEEE - ] ICIrOSO Zure
» Oracle Cloud Infrastructure Azure DevOps
» Oracle Autonomous Azure Stream Analytics
Database Azure Databricks

Oracle Exadata

Oracle Applications
Oracle RAC

Oracle Analytics Cloud
And other services...

Azure Cognitive Services
Azure loT Hub

Azure Kubernetes Service
And other services...
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Oracle-Azure partnership use cases

Cross-cloud SSO and interconnect

Oracle DB SQL Server

Oracle Cloud Microsoft
Infrastructure Azure

* Oracle Apps (PSFT, JDE) on
Azure using Oracle
Database on OCl

» Custom .NET application on
Azure using Oracle
Database on OCl

» Custom Cloud Native
applications on Azure using
Oracle Autonomous DB

Cross-cloud SSO and interconnect

E-Business
Suite
Oracle DB

Oracle Cloud Microsoft
Infrastructure Azure

» Full stack Oracle or custom
applications on Oracle
Database on OCl and Full
stack apps on Azure that
interoperate and share
data
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¥ 4
F J,

—
. .r/A’/ gS

-

Cross-cloud SSO and interconnect

Custom App ces
Oracle DB Azure DB
Oracle Cloud Microsoft
Infrastructure Azure

* Applications/Oracle
Database in OCl, Azure
Data Lake for analytics &
Cognitive Services for Al

* SQL Azure, SQL Server,
SQL DW on Azure and
Oracle Analytics Cloud,
Data Science service on
odl




What do we define as HPC?

HPC

Small input datasets (50 — 5,000GB)

Big Data

Stored in a database

Engineering applications _ Noisy data
Tightly couple, "chatty” Massively Stresses RDB
Specialized networking horizontal apps MapReduce

Spark (with a K)

Specialized

& Solutions &

N %
OQ& %f/)b@jy &
((\ /5/ O/S@(
RN
S o

“

(o

Unique factorization
Artificial Intelligence
Remote Viz

GPU

HPC - ‘Big Compute’




Who is investing in HPC today?

2500
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GHz, providing the highest performing
3 o 7 processor in the cloud

Cores of Intel 6154 High Performance

3 384 GB of memory and 6.4 TB of local
storage

2 Ok over 20,000 cores in a single cluster




6 Physical threads on a single machine
4 128 total threads

3 ¢ per core per hour

most cost efficient physical processor

Highest memory bandwidth for cloud

BM.Standard.E2.64 best price
performance in the cloud
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SXM2, NVLINK, HGX-1 Open Compute

8 BM.GPU3.8 — 8 Way NVIDIA Volta
52 Skylake CPU cores, 50 Gbps

BM.GPUZ2.2 — 2 Way NVIDIA Pascal
2 Perfect for Visualization or Inferencing

Attach up to 1 PB of NVME backed
1 block storage to “Feed the Beast”

Billion Word Language Model Benchmark
(words per second)

1x GPU 2x GPU 4x GPU

White Box m Oracle OClI DGX1
V100-PCle V100-DXM 2 V100-SXM 2




1 us latency,
° 5 performance

12

1

47

- ON-premises

GB/s transfer rate between nodes over
the RDMA network, bare-metal
application performance

Gbps full line rate connectivity

The only hardware point-to-point
network connection in the cloud

Confidential — © 2019 Oracle Internal/Restricted/Highly Restricted

Latency (usec)

Memory

Number of Bytes
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How are we different?

Bare Metal HPC, on-premises like performance

No ‘jitter’ in our HPC hosts or on our network

Secure, isolated RDMA network with no oversubscription

More than 20,000 cores in a single RDMA cluster

Latency under 2us vs. 15 ps on AWS

ORACLE

BALANCED BANDWIDTH - INTRA AND INTER

NVIDIA NVLink + Mellanox Connec t-X + SHARP
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Simulation Tools Ecosystem

Visual Effects Y @ rixARS AUTODESK®
G) NUKE RenderMan® M MAYA "3DS MAX"®

Rendering

Artificial p , , +
Intelligence & ¢ tor@h PYTORCH Q Cafer ¥ Tensor

Deep Learning

Manufacturing /4 :
Automotive \ @D-a dapco’ ANSYS

Aerospace Altair s FLUENT

l= a o
Open Source HPC PR - ~ . i
Applications slurm oﬁ)l A®)blender l” ParaView 99!3 &M@gé '“"Y

ORACLE"




Simple, Rapid Deployment

5 Deployment Models

Command Line

Use Command Line
and API's for
Integration to
automated workflows

Stacks

Use Resource
Manager Stacks for
interface based
Terraform Deployment

Marketplace

Use Marketplace for
deploying partner
provided infrastructure
and applications
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Objective

GE%TQ & ORACLE

T'he collaboration between GEANT and Oracle aims
towards providing all NRENs and connected
institutions with Cloud solutions which are
innovative, complete, supported and affordable to
guarantee a smooth journey into the Cloud.




Lk 0 gxt o RRRUNS IRTATERTT e SN
Oracle’s Educational Quotation

- A preferential quotation, negotiated and rubberstamped by
GEANT, based on Oracle’s standard terms and conditions,
available for GEANT Members and their connected institutions.

- Not covered by EU public procurement tender!

- Must be used with caution. Full compliance with the EU/National

public procurement rules and regulations is the responsibility of
the purchasing institution.




Benefits via the GEANT Cloud Catalogue

. Governmental pricing and volume discounts apply to all GEANT
members and their connected institutions.

- Pre-approved for the services listed in the GEANT Cloud Catalogue

- Oracle enables single-sign-on with institutional accounts via federated
access using SAML?2 protocol.

- Oracle’s access management platform is also federated with Microsoft Azure.

- Oracle offers direct network interconnection, for both public and
private FastConnect peering, with GEANT.

- Currently tested by CERN, other institutions can be on-boarded later




Pricing Model Options

Universal Credits

Pay As You Go (PAYG) Monthly Flex

Governmental




Partnering with Academia

- Oracle for Research

. offers researchers, scientists and university-associated innovators access to Oracle Cloud
technology and a global community working to address complex problems and drive meaningful
change in the world. This program provides free Oracle cloud credits and technical resources to
qualified applicants.

- Oracle Labs

- seeks to identify, explore, and transfer new technologies; investing in research collaborations with
faculty, research directors, and principal investigators at universities, labs and non-profit research
organizations worldwide.

- Oracle Academy

- advances computing education globally by offering a complete portfolio of education resources
for teaching and not-for-profit academic research to more than 6 million students in 128
countries.

* Internet?, EDUCAUSE, EUNIS, HEUG, IMS Global, PESC ...




ORACLE

Summary

ORACLE Cloud completes the GEANT

Cloud catalogue perfectly. ORACLE Cloud
gives all existing R&E customers the
opportunity to start and succeed their
journey into the Cloud, no matter what the
workloads or the deployment preferences
are. With ORACLE s know-how, the R&E
customers get a professional support and
service on a technological and customer
relationship level.
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https://clouds.geant.org/oracle/
https://clouds.geant.org/oracle/
https://www.oracle.com/industries/education-and-research/
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