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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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1 HeMHoro ncropumu

2 NHdppacTtpyktypa OCI
3 Cepsucbl OC

4 [lponsBoanTenbHOCTb
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“High Performance Computing most generally refers to the practice of
aggregating computing power Iin a way that delivers much higher
performance than one could get out of a single server in order to solve large
problems in science, engineering, or business.”

InsideHPC.com

“HPC tasks are characterized as needing large amounts of computing power

for short periods of time”
Wikipedia.org

TunnmnyHble NprMepst:
ObpaboTka reoIorMyYeckmnx n CeMCMoIorM4eckmnx gaHHbIX
[TpoekTnpoBaHMe N MOOeNNPOBaHME B MALLMHOCTPOEHUN, 0ObpaboTka TenemMeTpun
MopgennpoBaHmMe NOTOKOB BO34yXa, XXUOKOCTEN, TeYEHUN
MepounumnHckne nccnenoBaHUA
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Bare Metal undpacrpykrypa B Oracle Public Cloud

< NVIDIA.

L1

AMD

<ANVIDIA.

ORACLE ‘ RDMA, 1Q2019
$ croup ¥  8xVolta, 202018
N x Volta,
miogman v Sun -
2x Pascal, 2017
. . Bare Metal, 2016
DEC, 1994 Sun, 2010

Mellanox, 2010
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Bare Metal undpacrpykrypa B Oracle Public Cloud

[lepBoOe nokoneHmne BTopoe nokoneHne
MHPACTPYKTYPbI: NHPPaACTPYKTYPbI: P f
Haubosiee pacnpocmpareHo Ha Oracle Cloud Infrastructure er Ormance

/

Cce200HAWHUU OeHb

.r..

el

Guest Guest Guest

Security

Hypervisor

Server Virtualization
Hypervisor
Network
Virtualization

PaspeneHune
cetmun
OKPY>KEHUS

. 3aKa34nMKoB

Isolated Network
Virtualization

Obwas nHdpacTpyKkTypa Obwas nHdpacTpykTypa
ceTu CeTU
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VIRTUAL NETWORK |

PHYSICAL NETWORK
ORACLE DATACENTERS / | saanaessncennacd | aanronnannannac : YOUR
REGION AVAILABILITY DOMAINS  DER eessseenasssse ey sassrnnaasssses DATACENTER
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Compute cepsucol B Oracle Cloud Infrastructure

ENTERPRISE WEB & ENTERPRISE APPLICATION HPC, Al/ML, DNA SEQUENCING, CFD, ¥ MODERN DISTRIBUTED

APPLICATION SERVERS SERVERS, HADOOP 3D RENDERING CRASH SIMULATIONS APPLICATIONS
Bare Metal E2 Bare Metal @ Bare Metal E BS:,::??I
Standard Standard GPU Standard Bare Metal HPC 52 OCPUS,
64 OCPUs, 52 OCPUs, VM GPU Standard 2 P100 GPUs Dense 10 768 GB RAM,
512 GB RAM 768 GB RAM VM 1P100 GPU, 28 OCPUs. 192 GB 36 OCPUs (3.7 GHz), 51.2 TB NVMe
Up to 1 PB Block Upto1PB Dense 10 12 OCPUs, RAM 384 GB RAM Up to 1 PB Block
VME2 VM Standard  90-03 0CPU/u o 8-24 OCPUs OGS Upto1PBBlock  UptolPBBlock $0.12750CPU/u
Standard 1-24 OCPUs, $0.0638 120-320 GB R A M. Upto1PBBlock $1.275 GPU/u RDMA
1-24 OCPUs, 15-320 GB RAM B U075 GPU/ ) $ 0.075 OCPU/u
8-192 GB RAM Up to 1 PB Block [ocTynHbl B KOHUrypaLmm Up to 1 PB Block v2 *
Upto1PBBlock  §0.0638 OCPU/u  Dedicated VM Hosts $0.0638 OCPU/u v2 8 V100 GPUs
$0.03 OCPU/uy 1-4 V100 GPUs, 52 OCPUs, 768 GB
6-24 OCPUs RAM
104-360 GB RAM Up to 1PB Block
Up to 1 PB Block NVLINK
NVLINK $2.25 GPU/u
$2.25 GPU/4
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CepBucbl xpaHeHus paHHbix B Oracle Cloud Infrastructure

E NVMe SSDs NVMe SSDs HA: distributed HA: distributed
Ho51TB 32 TB / puck file system [MpakTnyeckmn
MunnuoHbl IOPS 60 10PS / GB OT1 KB oo 3b HEeOrpaHNYEeHHbIV
StOI'age 10-100 MKc < 1m™mc latency 0b6bem

latency

OyHKUMOHAaNbHbIE,

BbICOKO
npoumssoaunTesibHblie

Storage Gateway | Data Transfer

[MepemMelyenmne INb gaHHbIX

CepBUCbl XpeHeHUs
OIS pa3HOPOAHOM
HarpyskKu

HanexxHoe (durable) JlokanbHoe NAS

0bbeKkTHoe peweHue YcTpaHseT 3aTpaTbl Ha
XPaHUAULLE C LEeHOMN KoHdurypupyemblin MUIPaLMIO JaHHbIX
Ha 90% HMXxe KaL
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CepBucobl xpaHeHus gaHHbix B Oracle Cloud Infrastructure

HADOOP, MEDIA, LOGs,
BACKUP, ARCHIVE

ENTERPRISE APPLICATIONS, DATABASES,
GPU, CONTAINERS, APPLICATION LIFECYCLE

ANALYTICS, OLTP, HPC,
CONTAINERS, KUBERNETES

%k .
E o

~— Block Storage Bgre mel’gl
ﬁ Up to 32 TB volumes ense
Up to 1PB/host ST TB
. Snapshots, scheduled NVMe SSD
File Storage backups, clones, 5M IOPS
SCCILeS to grouped clones,
. exabytes encryption nvm
Object & NFS, NLM, P
Arthive sk
Stora ge encryption
Limitless capacity VM
Native & S3 APIs, Dense IO
HDFS, 6.4-25.6 TB
encryption NVMe SSD
10TB max object 1.8M IOPS

size
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Infiniband ceTb B Oracle Cloud Infrastructure
ORACLE

- <@ AMDD e
(ntel n\l%A. =PYC

= = x

Compute & HPC GPU AMD EXADATA
CPU Servers GPU Servers* CPU Servers and Block Storage* 0-368 OCPUs
Jlyywaa CPU Jlyqywaa GPU Jlyuwasa Memory Bandwidth  1p6-424 TB (HC ducku)

Npoun3BOAUTENbHOCTD NPOun3BOANTENLHOCTb Extreme DB Edition

*Planned

1.5 LS Iatency, 100G b/S Clustered RDMA Network
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CeepxHu3Kas latency 1 Bbicokas NnponyckHas CNOCO6HOCTb

CPU Servers GPU Servers* Exadata* Block Storage*

=J=j=1=

1.5 1S Iatency, 1OOGb/S Clustered RDMA Network

*Planned

[lna Harpy3ok Tpebytowmx 6onblion knactepHon npounssoamntenbsHocTn (HPC, Database, Big Data,
Al) Bknroyasa Takme 3agaym kak CFD, Crash Simulations, Reservoir Modelling, DNA Sequencing

Ckopo: GPU Bare-Metal nHctaHcbl ¢ 8 GPUs, 2TB RAM, 25TB local NVMe n 8x 100GB ceTeBbix nopToB ANA
KnactepHou noacetn n RDMA

15 Confidential — © 2019 Oracle Internal/Restricted/Highly Restricted E




S ——— .: _—

-

oy

15 Confidential - © 2019 Oracle Internal/Restricted/Highly Restricted




BavaHune suptyanusaumm Ha HPC Harpy3ku
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Ob6paboTka KapauonornyeckKux gaHHbIX O Premose Soluion e <2
— BxopHble gaHHble — 8 hannos (NpumepHo no 8 MB)
— 3apada ¢ bonbwnM NoTpedbneHmnemM cpu n rdma cetu iz
— 5 wuTtepauymm pacyeta (1y3en -8 agep -> 4 y3na - 128 agep) -
- I_IO: |nte] Compi]ers, MPI, PETSC With Hypre, Mumps, Super]u ’ 1 node -8 cores 1 node -16 cores 2 nodes -64 cores 4 nodes-128 cores 8 nodes -256 cores

Cardio Solution time (secs)

1883

On Premise (cuauii rpaduk)

TIOKa3bIBAa€T HEBO3MOKHOCTD

MacIITabupoOBaHUA KlacTepa

GoJiee 2 y3J10B U 64 A71€p. OCI (kpacHblii rpadukK)
ZJIeMOHCTPUPYET
BO3MOXHOCTD
MacIITabupoBaHUA —
BpeMs BbIUMCIEHUI
yJIy4dlllaeTcd Ha 4 y3Jjax ¢
168 anpamu.
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LeMans StarCCM+ Benchmark Model

Scaling vs. Azure

Scaling Hfficiency on StarCCM+ 105M Cell Model
o 110%
< Lo 100%
0%
=a=BM.HPC2.36 &
c
C ==z reH16r D 80% :E
=h=Azure A9 &
70%
AzureH16mr
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Cost vs. Azure
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128 256 512

Cost for 100 Iterations on StarCCM+ 105M Cell model

BM.HPC2.26 (0.075/core)
AzureH16r ($0.134/core)
AzureH16mr (50.178/core)

1024

Cluster Size in Cores
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Scaling — LeMans 17M model

600.000

Cells / Core
Less network traffic

120%

. ﬁ 100%

==RDMA
«8=TCP on 25g
=#=TCP on 100g
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Performance vs. Azure

Time (s)( lower is better
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EXABYTE.IO: Cloud-based Materials Modeling Benchmarks

[1na cpaBHeHMS NPON3BOAUTENbHOCTM UCMOb30BaNNCh Cieaytowme Harpy3oydnble mogenu: High-Performance Linpack (HPL), Vienna
Ab-initio Simulation Package (VASP) n Intel MPI Benchmark ons TectnpoBaHust ceTeBbix 3agep><ek 1 MponyckHOM CNOCOBHOCTW.

GROMACS (Polystyrene)

Polystyrene (PS) 150mar 1 mol
THF 32,000 mol
OL-NHT-4
0.002 OL-NHT-8
® OL-NHT-12
PS ® OL-NHT-16
0.0008
e 0.0006
<
3 0.0004
S
w
@
Simulation model 0.0002
0.00008

(]
'Y
o

Number of Nodes

SOURCE if information and Graphics:
https://docs.exabyte.io/benchmarks/2018-11-12-comparison/

21
Copyright © 2019, Oracle and/or its affiliates. All rights reserved.



EXABYTE.IO: Cloud-based Materials Modeling Benchmarks

“A comparison of the speedup ratios for all cloud vendors described are presented. As it can be seen, Oracle and Microsoft Azure have better
speedup ratios because of the low latency interconnect network that facilitates efficient scaling.”

1.000 ® AZ-IB-H
A OL-NHT
» AWS-NHT
¢ AWS-NHT-C5 KoHdumrypauum TeCcToBbiX OKPY>KEHWUI:
. 0:800 « GCE-NHT-H
E Case Type Cores CPU Family Freq. (GHz) Memory
(GB)
(=%
=
& AWS-NHT ¢4 8xlarge 18 Intel Xeon 29 60 Mo
& 0.600 E5-2666 v3
AWS-NHT- c5.18xlarge 36 Intel Xeon 3 144 Mo
C5 Platinum
8124M3
0.400
1 z 4 8 AZIBH Standard_H16r 16 Intel Xeon 32 12 Yes
ES-2667 v3
Number of Nodes
OL-NHT BW.HPCZ.36 36 Intel Xeon 3 384 Yes
Gold 6154
GCE-NHTH nl-highcpu-64 32 Intel Xeon 23 576 No
SOURCE if information and Graphics: ? ESv3
https://docs.exabyte.io/benchmarks/2018-11-12-comparison/ (Haswell)
22
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EXABYTE.IO: Cloud-based Materials Modeling Benchmarks

Network comparison: “The following shows the result of Intel MPI Benchmarks running on Amazon Web Services C5 instances, Azure
H-series VMs and Oracle hardware. As it can be seen Oracle interconnect network is faster and has the lowest latency.”

® OL-NHT
A AZ-IB-H
1000 » AWS-NHT
3 ¢ AWS-NHT-C5
= 12500 ® OL-NHT
- " * GCE-NHT-H
g 100 s—ao—a—a"%g o-au= A AZ-IB-H
"
-
£ i S » AWS-NHT
c- TS 9375 :
g % ¢ AWS-NHT-C5
= 10 &
- E * GCE-NHT-H
Z 6250
-
~
1 =
o ol o () ol ) ol w ol o0 ol ]
[ag ol Lo = (= \e r~ o0 12 =)
= P R OB R D X 'E 3125
o o ol ) -
— vy o =
ol =
-
Number of Bytes 0 —
o ol oo ol o0 ol o0 ol oo ol o ol
~ ol — < N O r~ o0 v
— Us o — [ (=] ol —
ol L) ol — - r~
o lag] ol N
— wy (o]
(o ]
SOURCE if information and Graphics: Number of Bytes

https://docs.exabyte.io/benchmarks/2018-11-12-comparison/
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B m— N R
EXABYTE.IO: Cloud-based Materials Modeling Benchmarks

Per-Core performance comparison: "The following figure shows a comparative plot of the performance per core in giga-FLOPS
(GFLOPS). Oracle and Microsoft Azure outperform AWS because of faster processors and the low latency interconnect network.”

45.000 ® AZ-IB-H
A OL-NHT

~  40.000
£ « AWS-NHT
é 35.000 * AWS-NHT-C5
< + GCE-NHT-H
& 30.000
° -
g s
€ 25.000 <
@ \\
g
E  20.000
g
& \ e
— \, e =
5 15.000 og— D
-9 ~dr

10.000

l 2 4 8

Number of Nodes L ) )
SOURCE if information and Graphics:

https://docs.exabyte.io/benchmarks/2018-11-12-comparison/
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MeXAyHapoaHbIN aBTO-KOHUEPH
Computational Fluid Dynamics
n Crash Simulation B Oracle Cloud |

e CobcTBeHHaA nHppacTpyktypa HPC —
HeA0CTaTOYHO rMBKa M 3/1aCTUYHA, a TaK XKe -
MMeeT OYEeHb AJIMHHbIN UMKA 0OHOBAEHMUA. Z
Kpome Toro, pecypcbl 3aTpa4ymBaemble Ha
CONPOBOXAEHMNE U aAMUHUCTPUPOBAHNE MOT/IN
6bITb NepeHanpaBaeHbl Ha 6oee NPUOPUTETHbIE
3a4a4n bmsHeca.

* KomnaHus nonyymna BO3SMOXKHOCTb
pa3BopaynBaTtbh M macwtabuposatb HPC '
NHOPACTPYKTYPY 328 MUHYTbI, OYKBa/IbHO B
HECKONIbKO K/IMKOB MbILLbIHO.

* Ucnonb3oBaHue 06/1a4HOMN MHDPACTPYKTYPbI
NO3BOJINNO ONTUMMU3NPOBATL U YAYULLINTb
NPOLLECCbl MOAENMPOBAHUA N MPOEKTUPOBAHMUS,
a TakK ke ONTMMMN3UPOBATb 3aTPaTbl HA HUX.

yBem(NeHme npowaBQA&)TE@\IQ‘HQWM npm ) j.';
. waﬁmposaHMMp,e.ZO OD,Q Anep -

7L ——
“k\((.-r.v <
> ’

: N A / ~ — S
DRACI—E Cowmeﬁlg%ewd/ /ts%a?ﬂh/a/tes AIIT?RS reserved. ., 24
e
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Zenotech npepocTtaBseT
Computational Fluid Dynamics
SaaS npoekKT Ha Oracle Cloud

2P ZENOTECH
k‘ SIMULATION

* Zenotech npepoctasnaet o6nayHoe HPC
peweHne Ana MoaeMpPoBaHMA AMHAMMUKNU
MOTOKOB KaK A/19 KPYNHbIX, TaK U ANSA CPeAHUX
3aKa34MKOB, MHOTME U3 KOTOPbIX HE MMEIDT
cobctBeHHOM HPC MHpaCTPYKTYpbI

* MopaennpoBaHue BO3AYLHbIX MOTOKOB
ncnonb3syetca Zenotech n nx 3akasumkamm B
NPOEKTMPOBAHUM CAMONETOB U FTOHOYHbIX
aBToMobunen, yBesIMumB TOYHOCTb
MOAENNPOBAHNA U CHU3UB, MPU STOM, CTOMMOCTb
MO CPaBHEHMUIO C COBCTBEHHOM MHMPACTPYKTYPOM

76%

OT IMHEMHOM MacLWTabnpyemocTu
ana 1,296 agep

ORACLE’

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



Oracle u Altair: SaaS peleHue | "y Altair
ana CFD

» Altair HyperWorks npegoctasnsiet
BUPTYanbHyto cpeay ana Computational
Fluid Dynamics (CFD) aHanu3a — Ha Oracle
Cloud Infrastructure

N
i

* BbicTpoe Bpemsa pa3BepTbiBaHUSA, a TaK }Ke
MoZeNb OnaaTbl N0 Mepe UCNONb30BaHUA —
3aKas34yMK NNaTUT TO/IbKO 3a 3aTPayYeHHble Ha
MoJeNnMpoBaHne pecypcbl

* TaK »Ke cnocobCcTBOBANO COKPALLEHUIO LMKNA
Pa3paboTKM U TECTUPOBAHMA NPOrPAMMHOr0
obecneyveHua Altair Ha 300%

3X

bbicTpee
pa3paboTKa n
TeCTUPOBaHUE

ORACLE’
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YELLOWDOG

Bbllle NpPpon3soanTe/IbHOCTb
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4

@ iGeolise |

High Performance Computing: A
HE TOJIbKO HAYKOEMKHE OTPACIIU ‘ol

» Benyuiee SaaS pelueHne B 0bnactu
NyTeLlecTBMX MOCTPOeHHOoe Ha Al s
noobopa MapLLPYTOB Ha OCHOBE
KPUTEPUA BPEMEHW, @ HE PACCTOAHMSA

* B 21 pa3 bbicTpee obpaboTka 3
MUIMOHOB JTOKaLMIA B MECSIL, CO BDEMEM
OTKAMKa 250 MUINCEKYHA

« CokpalleHve LmKa pa3paboTkn 3a cHeT
ncnonb3oBaHua Kubernetes ¢ 1 Hepoenu
[0 8 YacoB

» Poct Ha 500 000 nonb3osaTesnien 3a
nepBbl MecsL, cemyac paboTato ,’},jB 36
CTpaHax

ORACLE



Croacubo

Bormpochr?

NBaH BeTkacos

Principal Sales Consultant
Oracle Russia
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Oracle Cloud Infrastructure is Global

Global edge locations

Distinct geo security
profiles

Automated global edge

) ) protection
m Microso
. .
tonoon™® @ o:d 2,000+ cloud security
- B 1oronTO
o  CHICAGO . ‘g FRANKFURT " = zuricH O m personnel
L e O /) seoutll '8 Tokvo
PHOPNIX .~ o m o o
@ ASHBURN JebDAH L ® o 24/7 monitoring
BE Microsoft O g MUMBAI o OSAKA
° Trillions of signals
B Commercial collected daily
Government n
[T Planned ol SAO PAULO
annecFommerd ® svonevlg Internet and Cloud

Planned Government

Intelligence
@ Edge Points of Presence g

QO Planned Edge Points of Presence
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Oracle Cloud Infrastructure Global Footprint
End of CY2020: 36 Oracle Regions

End of 2020: In-

Country
H Disaster
ok B Recovery
AMSTERDAM us
—YEEEAL == [l g FRANKFURT _
TORONTO M EUROPE B ZURICH European Union
Bl CcHIcAGO" CHUNCHEON India
BAY AREA ]
ASHBURN B ISRAEL seouL ™ MTOKYO Japan
PHOENIX" [Jus Gcov AsIA [
- ISRAEL GOV N A :
B OSAKA ustralia
DUBAI
JEDDAH I.u AE 2 UAE
L B MUMBAI Saudi Arabia
SAUDI2 Ml HYDERABAD _
. Commercial Brazil
Bl SINGAPORE South Korea
Government
I BELO HORIZONTE UK
BN Microsoft Azure lISAO PAULO Canada
Interconnect
M CHILE
SOUTH AFRICAIH

sYpNeY H
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