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AMDQ 510
AMD (52 0O>— U—g—_cg-

HHRIDCPU O | HRLD Iy 1@5@*}]@07»\/ R77
77 Ay 7 1GHz 4 HERIOx86F 2 —1J7CPU FEEAPU

% R 77 JL 3 7 CPU
2000 2004 2007 2013

2003 2006 2011 2019
FY) D64-bitx86 7 Atz v H— HR¥ND1GHz GPU HFFIDCPU & GPU 1 W) D 7nm A — X

Fv I x86 CPU + PCle®4
(APU)
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S UeReuesa—

PCs

Radeon VIl and
RX 5700 series

AMD 95 J 1 AR mDER

e - b
B 1 ). YW,

Macs

Radeon Pro Vega ll
Duo
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Consoles

Next generation
consoles with
“Zen 2” and RDNA

AMDZU
RADEON

Cloud
Google Stadia

AMDZN
RADEON
INSTINCT

Mobile

Samsung graphics
IP licensing and
joint development

HPC

Frontier
supercomputer
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Roadmap Subject to Change
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64 128 | 128:. 225 3.4 GHz
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AMDZ

/nm LEVELS COMPETITIVE
PLAYING FIELD

7nm

10Fin
14+Fin
14Fin
12nm

14nm competitor I

Foundry

Performance / Watt

2015 2016 2017 2018 2019
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Melg| o |88 W

14nm
1/0 DIE

WMol o [28[8 s

Monolithic die Multi-die MCM Chiplet
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7 AV by I EIFE=HHARYZEN

BRICNATUY R - IVFHA - THAL>

S0 00 0080 00N & "x’\&o(“ 55 bsM 003
! b’ Sddd 3Obst Diod i) dbes ) dbod
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ZEN2 OA7DF LD

Branch Prediction

32K L1lI'Cache (8

(~ 15% IPC [A].LC)

Decode

——

V'
VIicro-Op Queue
. 7'_/\ol/_ >3 \/:F_\_, W :/J%Q.% XZﬁ% 4 instructions - ' | 8 fused instructions
6 dispatch ops
4 L1 Fv v ot mwisk x2S
X _ - _ INTEGER ' +  FLOATING POINT
4 VRULAZDTHRL—23>0 vy bZa3E(CH1E
L SEE R SEEE 5 — S x2£Z (256bitiE)

TAGE 73l 3B DERA

4 L3FP VS aB/E x2/8& (1ccDH=D32MB)
JUJTwFROv kU >4t

[N

« 7nm JOCRFo /0> —#HH
4« ARL—>23>Fvviaby bEDE L
< 0O0Ov0, T—9DT—F+ > HReRa L

%

8 Way

*vs original “Zen” core
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AMD EPYC™ 7002 = U—X ' O0tzv IS5
= 7001 =V —X=EREE U THRE. #EE. a1V EM@EE

B 2{& AMD “Zen” x86 177
(2K 64 177/128 XL v R)

BA X #£B13F v v 1 (256MB)
BA X I7YUEDL3FrTYS
(40177%47=D16MB)

HliEhiz = X5 L¥ R
(NUMA RX->)

TDP L->=: 120W-225W

ECCxJ)its 8 =)L DDR4
B X 3200 MHz

RDIMM, LRDIMM, 3DS, NVDIMM

2 DIMM/F+ )L 4TB/V oy hDOEE?
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817 817 817 817
+ 13 + 13 + 13 +13
DDR4 XEU H—)\— > b

> hO—> O0—= J\J (SCH)

PCle3/4 AMD %177
SATA3 JOtwwvt
817 817 817 817
+ L3 + L3 + L3 + L3

~4x E—7J TFLOPS/V 4w K2
XN T A—T R [VITwY K3

128 L —>  PCle® 3 & 44

- PCle, SATA, JE—L> b - 1>
A — 3T MCfEA

- EK 32 SATA X (3 NVMe T/\1 R

15+
N=ROITZ)—k - AT - RSN
BN TF 1 U1 ke




EPYC” 7002 = UU—X NUMA D3Rk

EPYC* 7001 > U—-X JOtvH EPYC* 7002 > U—-X JOtvH

NUMA 2 NUMA 1

NUMAL = 3 NUMA Distances NUMA13 104 2 NUMA Distances
mﬂmﬁg ;:i 8 NUMA Domains NUMA2 201 2 NUMA Domains
Avg. Local? 128 Latency Reduction? 19%/14%

NUMA RXA > #8%ziH5 U CIREibifEsHE UIE: —fRINRRD—2o0— RTIRULEL)

1: EPYC 7002 Series NUMA 1 vs EPYC 7001 Series Avg. Local; EPYC 7002 Series NUMAZ2 vs EPYC 7001 Series NUMA 3
| AMD EPYC | DECEMBER2019 | PC CLUSTER CONSORTIUM 2019 2:75% NUMA 2 + 25% NUMA 1 traffic mix; 3: NPS=1 Default Setting; 4: DRAM Page Miss
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J®E—8

[ =}

New

New

— . R—ZE R BAXT—RF L3Fvrvia DDR B ADDR Vay FEEY B PCle Gen 4
+£ LES | ALy F N . iy
TLES T v F# (GH2) mE#(GHz)? | TPP(W) (MB) For# | AEM(DPC) | AE Y/ FiE(GB/s) | L—o%
7742 64 128 2.25 3.4 225 256 8 3200 204.8 128
e 64 128 2.0 3.35 p10]0) 256 8 3200 204.8 128
7702P ’ ’ ’
7662 64 128 2.0 3.3 225 256 8 3200 204.8 128
7642 48 96 2.3 3.3 225 256 8 3200 204.8 128
7552 48 96 2.2 3.3 p10]0) 192 8 3200 204.8 128
7542 32 64 2.9 3.4 225 128 8 3200 204.8 128
7532 32 64 2.4 3.3 200 256 8 3200 204.8 128
7502
7502p 32 64 2.5 3.35 180 128 8 3200 204.8 128
7452 32 64 2.35 3.35 155 128 8 3200 204.8 128
7402
2402pP 24 48 2.8 3.35 180 128 8 3200 204.8 128
7352 24 48 2.3 3.2 155 128 8 3200 204.8 128
7302
7302P 16 32 3.0 3.3 155 128 8 3200 204.8 128
7282 16 32 2.8 3.2 120 64 8 3200 85.3° 128
7272 12 24 2.9 3.2 120 64 8 3200 85.3° 128
7262 8 16 3.2 3.4 155 128 8 3200 204.8 128
7252 8 16 3.1 3.2 120 64 8 3200 85.3b 128
7232P 8 16 3.1 3.2 120 32 8 3200 85.3b 128
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BREAKTHROUGH SYSTEM
PERFORMANCE

ENABLED BY AMD INFINITY ARCHITECTURE

Leadership /0O Capacity

128 PCle® 4.0 Lanesin a Single Socket
Peak 512 GB/s PCle® Bandwidth

Leadership Memory Density

Up to 4TB RAM Per Socket Support
Up to 64GB/Core Capacity

Leadership Memory Bandwidth

8 Memory Channels Per Socket
Peak 204 GB/s DRAM Bandwidth

eeeeeeeeeeeeeeee
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DIMM

AMD EPYC" 7002 =~U—X

DDR4 1DIMM per Channel Server”

DR RDIMM: 3200 MHz | LRDIMM: 3200 MHz

Intel® Xeon® 2"d Gen Scalable
(“Cascade Lake SP”)

AMD EPYC™ 7001 Series

Max Theoretical Memory BW

- = 16 x DDR4-3200* = 410GB/s
per 2P server (1 DR DPC) 16 x DDR4-2666 34OGB/S 16 X DDR4-5200 0 /

12 x DDR4-2933 = 282GB/s

AMD EPYC™ Advantage +21% +45%

Not supported on all motherboards — see endnotes ROM-06 for details.

| AMD EPYC | DECEMBER2019 | PC CLUSTER CONSORTIUM 2019 *AMD POR memory speedsin a one DIMM per channel system implementation



EPYC" 7002 S U—X /oD S RA5F A

4 8x16 L —> FTICHULT. PCle®” Gend Xty

- 1L —>372D 64GB/s BAMI\> Rig, VoW hEHTZD512GB/s
T TR TR T T TR T T

4 8x16 L—>FTICHBLT., IOMMU H7h— b~ T TR T W AT
« L—2DEDOHR— . x16HB72 DERASED PCle5 /)1 X

4« JJLPCle P2P B7ih— by Y& w bAN, VYTV MEIEBI(C
- R KP2P R+ O— R X: 2568
- BA DMARO— RYX: 5128

4 1/0 5 LD AMD Infinity Fabric™ (& DMA and P2P (C3Xt U CaiE{b =
NTWET

4 1VTY RTSY R IA—LAICBWTIE. 2Tl —>%1/0& UTHI
FATIRE

4290y RISy R IA—AICBWTIE,. K162 —>ZI/0&E LT
FFHE]EE

) . e G g < s — ) > \ -t ' — : g N 4 .. X XY XTE XTE XTI XTI XT X
EPYCHS7R— N33 [L#1; PCIE GEN4 [2/{T 4 —< > 2D —

25—V CERULET

| AMD EPYC | DECEMBER2019 | PC CLUSTER CONSORTIUM 2019 Not supported on all motherboards — see endnotes ROM-06



S AT LHREDIR NLARY IOhSfEMlcNEU LD
PCle® 4.0 h"EIRBEZFRUFET

_’ PCle 4.0

;:’_.;f”,a:.“i” s :
= '.. E ¢ PCle3.0

NVME PERFORMANCE &
2X Read/Write Bandwidth | Linear Scaling
1 2 3 4 5 6
NVMe Drives
I—
PCle 4.0

NETWORK PERFORMANCE o 50 100 150 200 250 300 350 400

2X Infiniband Read Bandwidth
Single Port Read Bandwidth (Gb/S)

See EndnoAMRDNRYE, RONDEGE ROBERBOHOM-1P€ ROMSTERCRNSOREIUM 2019



AMD RADEON INSTINCT™ MI50

Praodiict Detailc

RADEONINSTINCT

20 | AMPRRADEQN HNGBRF0WUP PAEELLIPEREIRSORFRINFHBENTIAL — NDA ONLY

Compute Units (Stream Processors)
Peak FP64 (TELOPS)
Peak FP32 (TFLOPS)
Peak FP16 (TFLOPS)
Peak INT8 (TOPS)

Peak INT4 (TOPS)
Memory Size

Memory Bandwidth
ECC (Full-chip)

RAS Support

PCle® Gen 4 Capable**
Infinity Fabric™ Link

Max Power

MI50
60 (3840)
Up to 6.6
Up to 13.3
Up to 26.5
Up to 53.0

Up to 106

32/16GB HBM2

1TB/s

Yes

Yes

Yes

Yes — 2 links

<300W TDP

Public



AMDZ1

ZEE4)D PCle 4.0°
X htGPU

WA BT, 64 GB/s
(DCPU-GPURIE#T

INFINITY
FABRIC
e A A GE G AT OO A ABE BN THET e OO e A BE G N ITHET e OO el A B E BN TR - LINKS

S S . S U )S1E0E,
INFINITY FABRIC 100 GB/s DGPU-

GPU &S

PCle 4.0

4T

A ENDASIA—12D N



AMD EPYC™ J' OtCY YIS > T IEcDHhEFiE

BR{bSNERE AT Y I(CHDTz D THREN /e T — R (CiRH

=pvc | 48/64 core

2Sve | 24/32an

E————

L ] 12/16 coxc

L I e THAD
v TASYA ) avoerver 7 702

—Q avoerver 7502 avoerve 7642

AMD EPYC™ 7302

=PYC l 8 cone

7552

AMD EPYC™ 7452 Gt

AMD EPYC™ 7262 AMD EPYC™ 7282
AMD EPYC™ 7402

AMD EPYC™ 7252 AMD EPYC™ 7272
AMD EPYC™ 7352

:/\//7“, I / \ }/7_\\/ I\ AMD EPYC™ 773)P AMD EPYC™ 7207P AMD EPYC™ 7507 P AV 77N D
740)0P

AMD EPYC™

TFoEToEENSENET:

8 F+ > =JL DDR4-3200!

4TB XEUB=E

128 L —> PCle4®?

SMT & F—RT—
18GA>TJ1=F« - J7TUvD

tFa7 - AFY - IT>O0UTT 3>

a7 - I>OUTFY N - NN—FrSAE—>3>
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2V v NTOEATE

2S INTEL® XEON® vs. 2S AMD EPYC™ SPEC CPU" 2017 PERFORMANCE

yZ

AMDA

= | 64C
550" —

AMDA

=ErPYLC | 48C
431" —

e E—

Platinum Processors

Ly | v r———————ep g T

2S AMD EPYC”™

PRODUCT STACK

285 —

2S Intel® Xeon®

PRODUCT STACK
184 —

Intel® Xeon® 130* —
Silver Processors
AMDA
| =ryYC | 8C

Intel® Xeon® Bronze Processors

*ESTIMATED; SEE ENDNOTE ROM-258 | SPECRATE®2017_INT_PEAK
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®EBD2YTY pH—)\

HRESSEDOZIg I D x86 U—/\ CPU
B _FTRIGA TOLEER: AMD EPYC 7742 x2 0012w H— vs. Intel Platinum 8280L x2 JOtzwH—

b
LS

8
l il

It W\
- ’H‘lll a Y

l"ll."_.._‘ ""l""

umm : nu

AMD EPYC 7742(64core) x2 Intel Platinum 8280L(28core) x2
o/ £h%< 2 LRWLWXEY g i
130 0 a7z 45 % =i 84% # Dl

| AMD EPYC | DECEMBER2019 | PCCLUSTER CONSORTIUM 2019 Results as of 8/7/2019 USing SPECrate(R)2017_int_base SEE ENDNOTES



2ND GEN AMD EPYC

Performance Leadership

HPC SDI Big Data and Cloud

""} ”'5"% 3 ==
Altair® Radioss™ ANSYS® Fluent® GROMACS Blender® SPECvirt® BEAMR
First Ever HEVC Live

I T I T S s N T

f-nu: :::: et haeei oo A Riemel ixﬂ?s‘_— ; ﬁm:ﬁg S REMOVING SYSTEM BO’TTLENECKS I
CE - @ = SuE Wy | Tl B
256 == zss.!': ;- :-._ !—— != o o

- oo _ “"'""'. i " DX CPUS - VAN = AxCPUS - VEAN u ' ; Rt -

) Microsoft SQL
® ® ® ® ®
Docker® Containers Apache Spark Server® VMmark® 3.0 PCle® 4.0 HpSU s ud.

1.8X -1.5X -1.5X 1.4X 22X and Virtual

—Desktop

| AMD EPYC' | DECEMBER20151ISECERESIERSERE ST See Endnotes ROM-36, ROM-42, ROM-56, ROM-99, ROM-112, ROM-113, ROM-131, ROM-136, ROM-173, ROM-175, ROM-266, ROM-
71



NEW LEADER, NEW RULES
140+ WORLD RECORDS AND COUNTING

6 High Performance Computing Apps

H PC 6 Floating Point Performance

12 Floating Point Performance

M&E 4 Rendering

4 Integer Performance

42 Java® Based Performance

SDI/ENTERPRISE

7 DB/ERP Business Applications

19 Energy Efficiency

BIG DATA 32 Big Data and Analytics

CLOUD 9 Cloud and Virtualization

See AMD.com/worldrecords for details




OS & HYPERVISOR H7Rh— b
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ROME : OS & HYPERVISORS H7h— b

N-1 Launch (N)
=m Microsoft Server 2016 Server 2019
vSphere vSphere
vimware 6.5x 6.7x
<« redhat RHEL 7.6 RHEL 8.0
e SLES 12 SP4 SLES 15.x

SUSE

Ubuntu 16.04.x Ubuntu 18.04.x

CITRIXE XenServer XenServer

7.1LTS 2019
| avoerve | NQEGserEssentialRame.suppast (including X2APIC/IOMMU patches to utilize 256T) available with Linux Kernel 4.19
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EPYC" JOtYY— - O\ S5—HR—b

F—T — RE R

AMD EJE1L C/C++ 1> )\ 5 — - LLWMICHES.
1$IA—IVR lelee EPYC Ot v H—EE{LH
=LA = Java XA S—. SO+ I -ASTILDSEREENET.
AMD(Z0penIDKDEE L2 D — X (T L TLE T,

AMD (FLLVWMOZ 1 =5 4 [ U TERICEMU CLEY,

INR%Y EPYC JOtv Y (CHEBIE =T /zAoccE R UET,

TSvbTA—L O, L<EONTWSA-T>Y—-X - A2\ (5 —-TTY,
A IN(5— GCC, AMDIZ EpYCT Otzv YmlFORE( L ZI TR UET .

4] Visual Studic [ <{EHDNTUL\BDWindows 1>/ > —TT9,
visual DStudlio AI\/ID(Q: Epyca’—_—,__:>g‘bjmtwﬂd)ijm7&?:rb\$a_o

EPYCXH I HR— b, VT b 1T 7EiE{E -1 RAD

TaAVRT L
PGI . Z DA WRISOREDRBEEITNET,

A IN5—
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EPYC" Do OtYyY— - O2IN\A5—0O0—KkRIVD

Current Release 2Q19

AOCCv1.3.0 AOCCv2.0

e AMD “Rome”
Enhancements
FLANG becomes
native Fortran
compiler
LLVM v8
Enhancements

LLVM v7.0 LLVM v81

e AMD “Rome”
Enhancements

GCC v9 (Stage) GCCv9
e |nitial AMD e Further AMD

“Rome” “Rome” tuning
Enablement

| AMD EPYC | DECEMBER2019 | PC CLUSTER CONSORTIUM 2019



EPYC" Do OtYY— - SAT5U—BRh—b

A—T2I—X, R—2E )T BB

Core Math libM - EPYC T Otz Ui biF

Linear Algebra LibFLAME - EPYC 7 Ot v Y REILE

Basic Linear Algebra BLIS - EPYC Otz v HHiE(LE

e R T FFTW - GPU/APU [CRBNFTOZ TR - A2Ea1—h&
OpenCL™ DY 7h— b

Random Number Generator RNG - EEAEE SBRE

| AMD EPYC | DECEMBER 2019 | PCCLUSTER CONSORTIUM 2019



EPYC" Do OtYH— - SAOJO35U—0—RkRIVD

=T V=R R—FE) T BB

Current Release

AMD CPU Libraries v1.5 v2.0
v1.0 e Library e AMD “Rome”

Enhancements Enablement”

BLIS MT . Rome enablement
optimizations and . BLIS MT upgrades

bug fixes for . Libm scalar: faster
scaling versions (less accurate)
Libm scalar: for log, pow, exp
Optimized pow,

powf

Libm vector:

optimized

functions (pow)

| AMD EPYC | DECEMBER2019 | PC CLUSTER CONSORTIUM 2019


https://developer.amd.com/amd-cpu-libraries/

AMD UPROFJO77A45—0O—KIVvD

Current Release

AMD pProf V2.0 v3.0
vl.2 * Initial Top e AMD “Rome”
down profiling, Enhancements

Remote
profiling,
improved
performance

| AMD EPYC | DECEMBER2019 | PC CLUSTER CONSORTIUM 2019



AMD DEVELOPER CENTRAL  (HTTPS://DEVELOPER.AMD.COM/)

AMD:‘ ‘ Developer Central

TOOLS 6 SDKS COMMUNITY ECOSYSTEM

4 Performance Tuning Guides

Google Project Zero / Spectre A Reference Architectures
Resources
. Solution Briels
%mfuld&c, Manuals & ISA B ace nter
AMD EPYC g what is possible.
White Papers

Welcome to Developer Central

| AMD EPYC | DECEMBER2019 | PC CLUSTER CONSORTIUM 2019
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MEIR TS ZES5(CHEEC

“ZEN” RESS1HEA DXL

‘ZEN' ZEN
=

Spectre J7—LD1T7& 0S/NMM J\—RI17&0S/NMM
Speculative Store Bypass (spectra va) 0S/VMM J\— RO 1T 7E0S/NMM
Meltdown, Foreshadow, Spoiler, Lazy FPU, MDS BT SZ= el
(asa=liion | > ™ — VAN &
F21HX AMD EPYC” 731 U5 #EE
Fa7IL—k - AT - RS K tFa 7 I OUTFY AMDTZITHRMR T Dz 177
Fo0>— I —FvSAtP—>3> (SEV2) XEY T>2UF3>(SME)

AMDTOtYH—DttF1 U5+ —(CET IRMIBR
| AMD EPYC | DECEMBER2019 | PCCLUSTER CONSORTIUM 2019


https://www.amd.com/ja/corporate/security-updates

AMD EPYC™ (Dot 1 U5 -1 tHEE

214 AMD EPYC™ Ot w HE509BIMDSEVA T —F— (T3 TOAS X T ATOYR— MHEK

AMD a7 -T2 OV TTY b N—F¥S4€—
23> (SEV)

AMD £*a7 - )L—k AT - F3R T /89—

>
Root of Trust On-chip Boot ROM UC%

Load / Authenticate

-
Off-chip Boot Loader ()C%

Load / Authenticate

AMD £%27 + AE! » T4 1) TS 3> (SME)

Applications

Applica*i===

Applicatip=
Applications

M o

Load / Authenticate

OS Secure Boot (UEFI)

BEEDHDIT7— LTI I7BIOSODR S AICKT T
2T5v RNIA—LTF1 VT OEEZIRH
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AES-128 Engine

DRAM

RAENYIEN(CH— /- (CTFIEALEHED
Jd—ILRT = b7y OW0EEAEITIVIIC
9 BhfEESR— b

TIVT—2avDEERBESHY FEA

AES-128 Engine

DRAM

VME (CEESIE UREE S © Z & CEEEER TDIR
SAPERTERV A=) AT - 5RE

SEE ENDNOTES



¥ 7 - IT>20UFv s - NN\—FvSAt—>3> (SEV)
0S H7k— MTDWNWT

EPYC™ 7001 EPYC™ 7002
SEV Guest SEV Host SEV Host+
(VM) (Hypervisor, 15 Guests) (Hypervisor, 509 Guest)
Linux® 4.15 Y
Linux® 4.16 Y Y Y
RHEL 7.6 11/2018 Y
Ubuntu 18.04 4/2018 Y
Fedora 28 5/2018 Y Y Y
Oracle Linux UEK 5 6/2018 Y Y Y
SLES 15 7/2018 Y Y Y
Ubuntu 18.10, 19.04 10/2018 Y Y Y
RHEL 8 5/2019 Y Y Y
(more planned) Y Y Y

Proprietary OS (Windows®, Vmware®, XenServer®) Contact Vendor For Schedule

| AMD EPYC | DECEMBER2019 | PC CLUSTER CONSORTIUM 2019
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ASUS AMD Rack Server Products

With AMD EPYC 7002 Processors

RS720A-E9 V2 Series
* RS720A-E9-RS24V?2

Performance, Balance

Leading performance and
versatility for multi-workload
in 2U/1U chassis

RS500A-E10 Series

* RS500A-E10-RS12U
* RS500A-E10-RS4
* RS500A-E10-PS4

Value, Essential

Entry-level 1U server ideal for
growing business with
affordable price

/NEW ROME base GPU Server )

ESC4000A-E10 is under development
* One socket, 2U, 4GPU

* CominginJuly 2020
/

*RS700A-E9 V2 Series

~/ '« RS700A-E9-RS12V2

* RS700A-E9-RS4V2

12 NVMe

x16 OCP Link ready
Drives in 1U Rack Server

for the future

3200 MHz Gen4 PCle faster 1/0
8 channel DDR4 *(RS500A-E10 and ESC4000A-E10)

i = |~

Virtualization software-defined Data Center SMB print/file/
storage mail/exchange




=AY

RIVER ClusterStor E1000
Standard 19” Rack (R kL—=0> bO—35cpuld. AMD/ROME) HPE Apollo 2000 Genl0 System HPE Apollo 6500 Gen10

HPE Apollo 6500 Gen10 Plus

HPE Apollo r2600 | 24 SFF or 16 SFF + 8 NVMe
Drives

AMD Processor Support

e a:m

| QD mm

HPE Apollo 12800 | 24 SFF w/ expander or 16
NVMe drives

Rosetta Top-of-Rack Switch Compute Nodes

Shasta River Components
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E2{#H{CAMD EPYCi&&PowerEdge H—/\— Eril &

PowerEdge R6415 PowerEdge R7415

PowerEdge R7425

R6515

R6525

C6525

R7525

1V vk

2Y) vk

2Sx4/—FK

2 vk

« EPYC 7002 (~ TDP225W)
- 16 x DDR4 (3200 MT/s)
«10x NVMe / SSD / HDD

*2XPCle x16 ARvk
(1 x PCle Gen4)

« OCP 2.0 Mezz (PCle x8)
- PERC 9/10

« EPYC 7002 (~ TDP225W)
- 16 x DDR4 (3200 MT/s)
- 24 x NVMe / SSD / HDD

*4xPCle x16 AAvYk
(2% PCle Gen4)

- OCP 2.0 Mezz (PCle x8)
« PERC 9/10

- EPYC 7002 (~ TDP225W)
» 32 x DDR4 (3200 MT/s)
« 12 X NVMe / SSD / HDD

«3%xPCle x16 AO0wk
(3§ RTPCle Gen4)

* OCP 3.0 Mezz (PCle x16)
* PERC 10.5

- EPYC 7002 (~ TDP225W)
- 16 x DDR4 (3200 MT/s)
»6x NVMe / SSD / HDD

+2xPCle x16 AAvk
(3§ RTPCle Gen4)

* OCP 3.0 Mezz (PCle x16)
* PERC 10.5

- EPYC 7002 (~ TDP225W)
- 32 x DDR4 (3200 MT/s)
« 24 x NVMe / SSD / HDD

+8XPCle x16 XOwhk
(¥ RTPCle Gen4)

* OCP 3.0 Mezz (PCle x16)
* PERC 10.5

tH far

t a1
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FUJITSU Server PRIMERGY LX1430 M1 FUJITSU

B 7nmJOEZADAMD EPYC™ 700230—X - FOtryH —
ZHEEU. %8 - AN T AN AZEKUIZ1USY RIS — )\

AR 1U YUY~

CPUVY Ty NER - TE%E 1, AMD EPYC™ 70023Y—-X-JOtvH—
AEUAOY MR- 1EFA 16, DDR4 3200MHz

ARA R =% - 1858 2.5” SATA HDD/SSD x 8 + 2.5” NVMe SSD x2
YERINAZOY b x16 PCle Gen4 x1, OCP slot x1
KYRNIT=D1>H—-T1—R BREEREE, [228—bK (1000BASE-T) 1

EIR TTREIR AC100-200V x2&6

FZETE(W X H x D (mm)) 438 x 44 x 660
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h~0%7 FUJITSU

m1X1430 M1 H504
m https://jp.fujitsu.com/platform/server/primergy/Ix/1x1430m1_catalog.pdf
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AMD on AMD

50cm 5

HR—DSA>FvT |

20205FE(308mES ATV I FECTT !

BE(C. 201912 T28MBOR RS >F Vv I LTHD
AMD EPYCT Ot v HDIRICEHATEFLLTEWLNDET |

GPUD—/\—EAMDT 5w hIJA—AT !

AMD EPYCT O H—ieDGPUB —/\—ZZ L SA>Fwv T |
2UBGPUZ = > J)LY Ty R THIG T DR M

4UBGPUTE TDHGPUZCPUERE TXIL T DR mRE !

GIGABYTE. #IEEE%ET !

502> FRITED., #B>3— hYA1TJ2U4) — RS —)(— |
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&9ﬂ59ﬁ 1J1)—X ' HPE DL325/385 Genl10HY—/\— & & &
VPRI IR IALTDFTNFHET IVIZ, &FTAMD EPYCT Oty ZiaE,

ﬁ; - a

HPE ProLiant DL325 Genl0 HPE ProLiant DL385 Genl0

I yhSAERAEEEIC! HPCHIZRIZH i1 !
8a7~HJm K647 x 1CPU 8a7~H K647 x 2CPU

<DL325/385 Gen10& @D E>

« Bhi-IRILX—HE/ALEH
- aA7FEITKNE/OVITOEYY
1637/2.8GHz, 837 /3.2GHz

. REEL3F vy a1128MB
© BAEYNUEIE AEYFrRILXS,
— LR




Lenovo THINKYStEMSR635 / SR655 AMDCT

Lenovo#IOAMDI OtvY—-EHY—-/\—- (1YF5vyh 1U/2U5vIHY)

S%RE ¢ 1YY TYY NN BEOIBEES (5 K6417) b‘fri—zos ) Y016 ) 2019
ENER-[LNE1E : PCle Gend. 3200MHzt S XEY— Windows Server 201 1
EHIRIE : AZEHDD, SSD. NVMesdRft e bt 80367 U5
-TCOHIR : OSYYINIIFZOYVIw R RE A 7> KRICETA SUSE Linux ES 12 SP4 / 15 SP1

SR635 SR655
1S/1U A AN =LA -5yJ8l 1S/2U A AN =LA -5yJ8l

S SSS———" A
.
<

“

HiRElE HiRElE
« 1x AMD EPYC 700231)—-X + 3x 75W GPU (1#%/Z) - 1x AMD EPYC 700231—-X + 6x 75W GPU (1#/=)

- 16x DDR4 RDIMM -8 X1TB - 3x PCle Gen4Z0Ovh - 16x DDR4 RDIMM -8&A1TB -+ 9x PCle Gen4Z0Owh
(1DPC 3200MHz/ - WNEM.2ES1-)L (AF>3>) (1DPC 3200MHz/ - NEM.2ES 1)L (AF>3)

_ 2DPC 29|33MHZ) - TTRERE (Platinum/Titanium) _ 2DPC 2933:MHZ) - TTREIRE (Platinum/Titanium)
© B4 3,55 HDD/SSD - BMC (AST2500<—2) © JR20x 3.5% HDD/SSD - BMC (AST2500~—2)
* BK16x 2.5 HDD/SSD - Lenovo XClarityz—&fHHR—k * BA32x 2.5% HDD/SSD - Lenovo XClarityz—&BH7R—k
- mA16x 2.58 NVMe SSD - mA32x 2.58 NVMe SSD
HED-/0-R ¥ED-/0-R
&3816 (vDI) /YVINIITERBACISANSIFv— (SDI) ITERE / Web / IO N)—-039K/ {RF381E /
/ 939K/ PHUT49X ) 7—AR-=X / HPC T=ANR=R ) T=HTH)F19X / Al

[W={sTe)/eW 2019 Lenovo Enterprise Solutions Ltd. Japan. All rights reserved. EPYC:IEWY AMDHDONAH0OT7—HF75Fv— 50
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Transport HX TN83-B8251 ((iit) 0 ‘r.':i?iff'if?iE?Ef

2U2S EPYC / 16 DIMMs / 8-LFF / 6 PCle Gen.4 x16 |

Standard SKUs Networking Storage Max. PCle slot
B8251T83E8HR-2T-N  (2) 10GBase-T+  (8) NVMeU.2/  (4) DW PCle Gen. 4 x16 / 2U2s Rome platform supports for up to 16 DIMMs, 2 10GbE onboard
(1) 1PmI SATA 6G (8) SW PCle Gen. 4 x8 + LAN, 4 double-width GPU cards and 2 half-height PCle Gen.4 x16 slots

(2) HH PCle Gen. 4 x16
Dimension: H87.6mm x W438mm x D830mm (32.68”)

AMD EPYC™ 7002 Processor w/ TDP up to 180W
No support for AMD EPYC™ 7001 processor

Memory

(8+8) DDR4 DIMM slots (8x memory channels)
Support up to 4,096GB RDIMM/LRDIMM DDR4 3200/2933 memory

PCI Expansion Slots
(4) FH/10.5”L PCle Gen.4 x16/x8 slots via 2 risers (MUX pairs with the adjacent x8 slots)
(4) FH/10.5”L PCle Gen.4 x0/x8 slots via 2 risers (MUX pairs with the adjacent x16 slots)
(2) HH/HL PCle Gen.4 x16 slots

Network
(2) 10GBase-T LAN ports (Intel® x550-AT2)
(1) 1000Base-T dedicated IPMI port (Realtek RTL8211E-VB-CG)
Storage
(8) tool-less, hot-swap 3.5” SATA 6G / NVMe U.2 devices (from CPU)
(1) MicroSD/T-Flash reader (OEM reserved feature)

(1+1) 2,200W hot-swap RPSU @ 220Vac, 80+ Platinum

i

MITAC Computing Technology Corp. (MIiTAC Group) MITAC Confidential Rev.201911 p )\
TYAN Business Unit All third party brands and names are property of their respective owners WA N -



Penguin Computing Inc. AMD EPYCH —/"—8If Altus (PIVER) 773V —

EPYCT Rt v H —DF =% Altus® family TRARISEM. Altus XE1111/1112/1212Tld, EPYCO A7 x 7 Oy ¥ 2 — K% iEH L 723
KW TN/ oy MERERAL,  Altus XE2112/2142/2242/4218 T3, HPC7 — 7 A— RICEBIGY 2&aMEL aBELZER 25717
VT Mg R,

S B, BWWERTRY — 7 7/ Tundra Extreme Scale Compute (OCP~R—X) (ZEMBEEPYC/ Oy U —8H/ —F&LTA V77

L — b, PCl-ex—XDGPULIHAGHOE DI LICLY ., A7 =7 B—=FIZHT 28NBT 7y b7+ —LELTHRM (GTYU—-X) ,

<Altus XE2242>

XE1111 7000 2xGen3x16 (FHHL)

XE1112 1U 7000 3xGen3(LP) 4TB

XE1212 1U 7002 2xGen4(LP) 4TB

XE2112 2U 7000 7xGen3(LP) 4TB

XE2142 2U 7000 2xGen3x16(LP) 2TB

XE2242 2U 7002 2xGendx16(LP) ATB

XE4218GT 4U 7002 12xGen4dx16(LP) 4TB

X01114GT 10U 7000 1xGen3x16(FHHL) ATB

2xGen3x16 (LP)
X01132g 10U 7000 1xGen3x16(LP) 21B PENGUIN

1xGen3x8 (LP) COMPUTING

A T kAl ~ldinne (A
ry of SMART Global Holdings, Inc.



AMD EPYC™ 7002 SU—-X-J0OtyY—&JIYKR— U, RiE{L
it H12 A+ —)\-TJ73U—- |

Supermicro A+ H12 —/)\-J73)—
B 1U WIO: %)L EPYC JOtyY— new!
m 2U BigTwin™ (2U 4/—R Twin7—%59Fv, 717Jl EPYC JOtEYyY—) new 4
B 2U TwinPro™ (2U 4)—K TwinP—%79Fv, ¥>9)l EPYC JOtyy—) new £
B 4U GPU Optimized |I=EIrEl y

—== | H12 Generation WIO
j AS -1114S-WTRT

High Performance Computing [CERBER#EEE RiE{L
B PCI Express Gen 4.0

B InfiniBand HDR ConnectX-6 200Gb/s

m 5X 8 Direct Attached PCIe 4.0 GPU/Accelerators|IEEIrEN
B KSATIIY

H12 Generation BigTwin™
AS -2124BT-HNTR

H12 Generation Twin.Pl:oTM
AS -2014TP-HTR

AMD ‘ bl

=rYC '

H12 Generation GPU optimized

www.supermicro.com HmR—-IA



F & : BTIYKEPYC” P—F5 I F v

“Zen” X—XXDE—HHK AMD EPYC Ot wH— (3 U CKAIGRERER(E
- “Zen2” ~15% instructions-per-clock [@_t

- 2x AVX2 F 8N UEEERE 218,

-3 FrwS o OTHTD21E. Vowv hEZDRAME
BEHD\A TV R - ILFHA - FHA>

- Breaking the silicon reticle limit

- Leading-edge 7nm + 14nm technologies

NUMA 77 —35 20 F v Diigft,

INDOA—=RADRAT—ZEVUT ¢ ZZE UICRITImDIOMRE

- x86 CPUT (IHFHID PCle® Gend B7R— b, Z7OLwHHD128 L —>HR— b
- B N18Gbps socket-to-socket AMD Infinity Fabric™

- DDR4-3200 B7R—

FE—HA EPYC" 7001 U —-X&E> O )F

F—=At>A—mEFTEER T 1 DS r #EE
- Enhanced Secure Encrypted Virtualization (SEV)—27 U4 —= 3 2 AAIDOMISIEHER U
- BA RFYRILIZIYVOZFIRT DF1 U ERONA OOV —FF7OF vkt

RHTHEEERR D IE< SADEHADAMD EPYC O O Y BZZHRET F L) |

| AMD EPYC | DECEMBER2019 | PC CLUSTER CONSORTIUM 2019 See endnotes EPYC-07, ROM-06 for details.
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ENDNOTES

TCO-01 Compares delivering 11,550,120 jOPS as measured by SPECjbb2015-MultiJVM Max-jOPS benchmark utilizing 2 socket Intel 8280 servers versus 2 socket AMD EPYC™
7742 servers. Intel-based server tested to achieve 192,502 jOPS. AMD EPYC server tested to achieve 355,121jOPS. As a result, an estimated 60 Intel based servers versus 33
AMD EPYC™ based servers are needed to meet a jOPS performance of 11,550,120. System Configurations: Intel Xeon based servers include 2U Rack Mount chassis, with (2)
Intel® Xeon® Platinum 8280 2.7GHz base frequency, 28 cores/56 threads, (24) 16GB RDIMM DDR4 2933MT/s, Dual Rank DIMMs, (1) 960GB SATA SSD, (1) dual port 10GbE
ethernet adapter dual hot swap power supplies w/cables, and OEM standard warranty with a price of $57,156 each for a total hardware acquisition price of $3,429,360. AMD
EPYC™ servers include Dual Socket 2U Rack Mount chassis, with (2) AMD EPYC™ 7742, 2.25GHz base frequency, 64 cores/128 threads, (32) 32GB RDIMM DDR4 2933MT/s, Dual
Rank DIMMs, (1) 1.92TB SSD SAS Mix Use drive, (1) dual port 1GbE ethernet adapter, dual hot swap power supplies w/cables, and OEM standard warranty with estimated price
of $58,553 each for a total hardware acquisition price of $1,931,589. Estimated System Pricing: Estimated Pricing for Intel Xeon Based Systems based on select OEM system
pricing as of 8/5/2019. Estimated Pricing for AMD EPYC™ Based Systems based on projected OEM list price for the most comparable system. Pricing is an AMD estimate only —
actual pricing will vary by system and seller. Power cost is an internal AMD estimate based each server consuming 762 watts each input power - electricity cost estimate of
$1,610/server calculated at $0.12/kw/hr with an assumed PUE of 2.0, resulting in an estimated 3 yr power cost of $289,800 for Intel-based systems and $159,390 for AMD
EPYC™ systems. Datacenter space costs are based on AMD internal estimate of Data Center space cost of $19,053 per cabinet per year results in $171,477 (3 Rack Cabinets)
and $94,312 (1.6 Rack Cabinets) over three years for Intel-based and AMD EPYC-based systems respectively. Server Administration cost is calculated with an estimate of $85,795
per server administrator with a ratio of one server administrator per 30 servers resulting in $514,770 (for 60 servers) and $283,124 (for 33 servers) 3 yr server administration
costs for Intel-based and AMD EPYC- based systems respectively. Total estimated 3 Year TCO as a result is $4,405,407 for Intel-based Systems and $2,468,415 for AMD EPYC-
based systems. As a result, AMD EPYC based systems are estimated to deliver a lower TCO (excluding software costs) of up to 44%. This scenario contains many assumptions
and estimates and, while based on AMD internal research and best approximations, should be considered an example for information purposes only, and not used as a basis for
decision making over actual testing. See https://www.spec.org/jbb2015/results/res2019q2/jbb2015-20190314-00414.html for Intel Xeon Platinum 8280 score, and see
http://spec.org/jbb2015/results/res2019q3/jbb2015-20190717-00463.html for the AMD EPYC 7772 score. SPEC® and SPECjbb® are registered trademarks of the Standard

Performance Evaluation Corporation. See www.spec.org for more information. TCO-1

| AMD EPYC | DECEMBER2019 | PC CLUSTER CONSORTIUM 2019



ENDNOTES

= TCO-02 - Comparison results calculated by AMD based on a hypothetical scenario hosting 2,560 virtual machines on 2-socket Intel Xeon 6242 (32 total cores) based systems
versus AMD EPYC™ 7702P (64 total cores) based No Compromise Single Socket Systems, excluding software application costs. Each virtual machine is allocated one core and
8GB of DRAM, resulting in 80 Intel based systems (2,560/32) and 40 AMD EPYC based systems (2,560/64). System Configurations: Intel Xeon based servers in 2U Rack Mount
chassis, with (2) Intel® Xeon® Gold 6242 2.8GHz base frequency, 16 cores/32 threads, (16) 16GB RDIMM DDR4 2933MT/s, Dual Rank DIMMs, (1) 480GB SSD SAS Mix Use drive,
one dual port 10GbE ethernet adapter, dual hot swap power supplies w/cables, and OEM standard warranty with estimated price of $21,196 each for a total hardware
acquisition price of $1,695,680. AMD EPYC based servers include - (40) 1U Rack Mount chassis with (1) AMD EPYC 7702P 2.0GHz base frequency, 64 cores/128 threads, (16)
32GB RDIMM DDR4 2933MT/s, Dual Rank DIMMs, (1) 480GB SSD SAS Mix Use drive, one dual port 10GbE ethernet adapter, dual hot swap power supplies w/cables, and OEM
standard warranty with estimated price of $23,696 each for a total hardware acquisition price of $947,840. Estimated System Pricing: AMD Estimated Pricing based on select
OEM list pricing as of 7/30/2019 for Intel based systems and AMD projected OEM list pricing as of 8/7/2019 for AMD EPYC based systems. Pricing is an AMD estimate only —
actual system pricing will varyby system and by seller. Power cost estimate is an internal AMD estimate based on Intel Xeon based system input power - 498 watts, AMD EPYC-
based system input power - 389 watts electricity cost calculated at $0.12/kw/hr with an assumed PUE of 2.0. Intel Xeon power cost/server/year is estimated at $1,047, AMD
EPYC power cost/server/year is estimated at $818 for a three year total power cost of $251,280 and $98,040 for an estimated total power savings of 61%. Datacenter space
costs include 160 U’s for Intel Xeon-based Systems or 4 Rack Cabinets and 40 U’s for AMD EPYC-based Systems or 1 Rack Cabinet — AMD internal estimate of Data Center space
cost of $19,053 per cabinet per year results in 3 year space costs of $228,636 and $57,159 respectively —a 75% savings. Server Administration cost is calculated with an
estimate of $85,795 per server administrator with a ratio of one server administrator per 30 servers resulting in 3 year estimated administration costs of $686,360 for 80 Intel
Xeon-based Systems and $343,180 for 40 AMD EPYC-based systems — 50% savings. Licensing costs are calculated using VMware vSphere Enterprise Plus licensed per socket
and priced as of 7/28/2019 on www.cdw.com at $3,612 each for a total 3-year cost of $577,920 for (80) Intel Xeon-based 2 socket systems and $144,480 for (40) AMD EPYC
No Compromise Single Socket-based Systems. Total estimated 3 Year TCO as a result is $3,439,876 for Intel-based Systems and $1,590,699 for AMD EPYC-based systems
resulting in an estimated TCO/VM/YR of $448 and $207 respectively — a 54% savings including virtualization management software licenses but excluding other software
costs. This scenario contains many assumptions and estimates and, while based on AMD internal research and best approximations, should be considered an example for
information purposes only, and not used as a basis for decision making over actual testing. TCO-2
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ENDNOTES

ROM-06 - Some supported features and functionality of 2nd Gen AMD EPYC™ processors require a BIOS update from your server manufacturer when used with a motherboard
designed for the 1st Gen AMD EPYC series processor. A motherboard designed for 2nd Gen EPYC processors is required to enable all available functionality.

ROM-09 - AMD EPYC 7742 has 64 cores vs. Intel Platinum 8280 with 28 cores. 64 / 28 = 2.287 - 1.0 = 1.3 times (or 130% more). EPYC 7742 has 1.3x more cores.

ROM-11 - EPYC™ 7002 series has 8 memory channels, supporting 3200 MHz DIMM s yielding 204.8 GB/s of bandwidth vs. the same class of Intel Scalable Gen 2 processors
with only 6 memory channels and supporting 2933 MHz DIMM s yielding 140.8 GB/s of bandwidth. 204.8 / 140.8 = 1.454545 - 1.0 = .45 or 45% more. AMD EPYC has 45%
more bandwidth. Class based on industry-standard pin-based (LGA) X86 processors.

ROM-38Results as of 8/7/2019 using SPECrate(R)2017_int_base. EPYC 7742 score of 682, https://spec.org/cpu2017/results/res2019q3/cpu2017-20190722-16242.html. Intel
Platinum 8280L score 364, http://spec.org/cpu2017/results/res2019g2/cpu2017-20190429-12779.pdf, July 28, 2019. SPEC®, SPECrate® and SPEC CPU® are registered
trademarks of the Standard Performance Evaluation Corporation. See www.spec.org for more information.

ROM-42 - Based on AMD internal testing of ANSYS FLUENT 19.1, Im6000_16m benchmark, as of July 17, 2019 of a 2P EPYC 7742 powered reference server versus a 2P Intel
Xeon Platinum 8280 powered server. Results may vary.

ROM-49 - Based on AMD internal testing of LSTC LS-DYNA R9.3.0, neon benchmark, as of July 17, 2019 of a 2P EPYC 7742 powered reference server versus a 2P Xeon Platinum
8280 powered server. Results may vary.

ROM-56 - Based on AMD internal testing of Altair RADIOSS 2018, T10M benchmark, as of July 17, 2019 using a 2P EPYC 7742 powered reference server versus a 2P Xeon
Platinum 8280 powered server. Results may vary.

ROM-63 - Based on AMD internal testing of ESI VPS 2018.0, NEON4m benchmark, as of July 17, 2019 using a 2P EPYC 7742 powered reference server versus a 2P Xeon
Platinum 8280 powered server. Results may vary.

ROM-70 - Based on AMD internal testing of Siemens PLM STAR-CCM+ 14.02.009, kcs_with_physics benchmark, as of July 17, 2019 using a 2P EPYC 7742 powered
reference server versus a 2P Xeon Platinum 8280 powered server. Results may vary.

ROM-113 - AMD Internal testing as of 30July2019 of a 2P AMD EPYC 7742 powered reference platform versus a 2P Intel Platinum 8280 powered production server, on
GROMACS version 2019.3 benchmark. Results may vary.

Based on June 8, 2018 AMD internal testing of same-architecture product ported from 14 to 7 nm technology with similar implementation flow/methodology, using
performance from SGEMM. EPYC-07

A 2P EPYC 7742 powered server has SPECrate®2017_fp_base score of 524, http:/spec.org/cpu2017/results/res2019q3/cpu2017-20190722-16241.html as of August 7, 2019. A
2P Intel Platinum 8280 server has a score of 293, http://spec.org/cpu2017/results/res2019¢2/cpu2017-20190318-11211.pdf as of July 28, 2019. The 7742 has 79% higher
performance. SPEC®, SPECrate® and SPEC CPU® are registered trademarks of the Standard Performance Evaluation Corporation. See www.spec.org for more information.

ROM-124.
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ENDNOTES

EPYC-Each AMD EPYC processor has 8 memory channels. Each Intel Xeon Scalable processor has 6 memory channels. 8 -6 =2 + 6 =0.33 AMD EPYC has 33% more memory
channels. Class based on industry-standard pin-based (LGA) X86 processors (NAP-166). EPYC-05

= Some supported features and functionality of 2nd Gen AMD EPYC™ processors require a BIOS update from your server manufacturer when used with a motherboard designed
for the 1st Gen AMD EPYC series processor. A motherboard designed for 2nd Gen EPYC processors is required to enable all available functionality. ROM-06.

= AMD EPYC 7742 has 64 cores vs. Intel Platinum 8280 with 28 cores. 64 / 28 =2.287 - 1.0 = 1.3 times (or 130% more). EPYC 7742 has 1.3x more cores. ROM-09

= ROM-11 - EPYC™ 7002 series has 8 memory channels, supporting 3200 MHz DIMM s yielding 204.8 GB/s of bandwidth vs. the same class of Intel Scalable Gen 2 processors
with only 6 memory channels and supporting 2933 MHz DIMMs yielding 140.8 GB/s of bandwidth. 204.8 / 140.8 = 1.454545 - 1.0 = .45 or 45% more. AMD EPYC has 45%
more bandwidth. Class based on industry-standard pin-based (LGA) X86 processors.

= Based on processor lanes multiplied by PCle® bandwidth. PCle 4 = 16 GB/s link bandwidth vs. PCle = 8 GB/s. ROM-21

= ROM-149 - A 2P 2U AMD EPYC™ 7702 server scored 18,294 overall ssj_ops/watt on SPEC Power® 2008 with the SUSE® Linux Enterprise Server 12 SP4 QS, as published at
https://www.spec.org/power_ssj2008/results/res2019g3/power_ssj2008-20190716-00980.html, which is higher than all other 2-socket publications on the SPEC® website as
of 7/27/2019. SPEC® and SPEC Power® are registered trademarks of the Standard Performance Evaluation Corporation. See www.spec.org for more information. ROM-149

= ROM-259 - Slide represents both published and estimated 1P SPECrate®2017_int_peak performance. Estimates as of July 3, 2019 for AMD EPYC 48C, 32C and 8C processors
using computer modeling of preproduction parts and 1P SPECrate®2017_int_peak internal testing results. Results may vary with production silicon testing. Published results
for 1P EPYC 64C processor as of August 7, 2019: http://spec.org/cpu2017/results/res2019q2/cpu2017-20190318-11230.pdf. Intel results as of June 2019: Xeon Platinum:
http://spec.org/cpu2017/results/res2019q2/cpu2017-20190318-11230.pdf Xeon Gold: http://spec.org/cpu2017/results/res2019q2/cpu2017-20190611-15301.pdf and
http://spec.org/cpu2017/results/res2019q2/cpu2017-20190611-15308.pdf. SPEC®, SPECrate® and SPEC CPU® are registered trademarks of the Standard Performance
Evaluation Corporation. See www.spec.org for more information. ROM-259

= ROM-260 - Slide represents both published and estimated 1P and 2P SPECrate®2017_d: int_peak performance. Estimates as of July 3, 2019 for AMD EPYC 48C, 32C and 8C
processors using computer modeling of preproduction parts and 1P SPECrate®2017_int_peak internal testing results. Results may vary with production silicon testing.
Published results for 1P EPYC 64C processor as of August 7, 2019: https://spec.org/cpu2017/results/res2019q3/cpu2017-20190722-16242.html. Intel 1P results as of June
2019: Xeon Platinum: http://spec.org/cpu2017/results/res201992/cpu2017-20190429-12779.pdf Xeon Gold: http://spec.org/cpu2017/results/res2019q2/cpu2017-
20190404-11744.pdf Xeon Silver: http://spec.org/cpu2017/results/res201992/cpu2017-20190430-13444.pdf; Xeon Bronze:
http://spec.org/cpu2017/results/res2019q3/cpu2017-20190624-15468.pdf. 2P SPECrate®2017_int_peak scores for Intel published June 2019: Xeon Platinum:
http://spec.org/cpu2017/results/res201992/cpu2017-20190318-11230.pdf Xeon Gold: http://spec.org/cpu2017/results/res2019q2/cpu2017-20190611-15301.pdf and
http://spec.org/cpu2017/results/res2019q2/cpu2017-20190611-15308.pdf. SPEC®, SPECrate® and SPEC CPU® are registered trademarks of the Standard Performance
Evaluation Corporation. See www.spec.org for more information. ROM-260
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ROM-35:
AMD 7702 score of 12.88@14 tiles on 2 node 4 socket VMmark 3.1, classic SAN. can be found at https://www.vmware.com/content/dam/digitalmarketing/vmware/en/pdf/vmmark/2019-08-07-HPE-ProLiant-DL385Gen10.pdf. Product

available Aug 7, 2019. The next highest score, 9.02@?9 tiles, with the 8280, can be found at https://www.vmware.com/products/vmmark/results3x.0.html VMware VMmark 3.x results can be found at
https://www.vmware.com/products/vmmark/results3x.html. ROM-35

ROM-36:
The AMD EPYC 7702 server is the only 4 host 4 socket VMmark 3.1 VSAN score of 12.23 @ 13 tiles https://www.vmware.com/content/dam/digitalmarketing/vmware/en/pdf/vmmark/2019-08-07-HPE-ProL iant-DL325Gen10.pdf. The current

#1 score for 4 node 8 sockets or less is 8.51 @ 9 tiles with the Gold 6152, https://www.vmware.com/products/vmmark/results3x.0.html. AMD 7702 score of can be found at
https://www.vmware.com/content/dam/digitalmarketing/vmware/en/pdf/vmmark/2019-08-07-HPE-ProLiant-DL325Gen10.pdf. ROM-36

ROM-42:
Based on AMD internal testing of ANSYS FLUENT 19.1 as of July 17, 2019. 885 rating on Im6000_16m benchmark using 2 x AMD EPYC™ 7742 processors in AMD "Daytona" Reference Design, 1TB (16 x 64GB DDR4-3200) memory,
256GB SATA (0S), 1TB NVMe (Data), Red Hat® Enterprise Linux v7.6, ANSYS FLUENT 19.1, NPS = NPS4, SMT = OFF, BOOST = ON, X2APIC = ON, Determinism Slider = Performance, Governor = Performance, CC6 = Disabled. 444
rating on Im6000_16m benchmark using 2 x Intel Xeon Platinum 8280 processors in Supermicro SuperServer 2029U-TN24RAT server, 384GB (12 x 32GB DDR4-2933) memory, 240GB SATA (OS), 500GB NVMe (Data), Red Hat®
Enterprise Linux v7.6, ANSYS FLUENT 19.1, Power Management = Max Performance, Intel Hyper-Threading Technology = OFF, SNC = ON, ADDDC = OFF. Testing with other AMD EPYC or Intel Xeon processors may result in different
performance results. ROM-42

ROM-56:
Based on AMD internal testing of Altair RADIOSS 2018 as of July 17, 2019. 9.75 rating on T10M benchmark using 2 x AMD EPYC™ 7742 processors in AMD "Daytona" Reference Design, 1TB (16 x 64GB DDR4-3200) memory, 256GB
SATA (0S), 1TB NVMe (Data), Red Hat® Enterprise Linux v7.6, Altair RADIOSS 2018, NPS = NPS4, SMT = OFF, BOOST = ON, X2APIC = ON, Determinism Slider = Performance, Governor = Performance, CC6 = Disabled. 5.68 rating
on T10M benchmark using 2 x Intel Xeon Platinum 8280 processors in Supermicro SuperServer 2029U-TN24RAT server, 384GB (12 x 32GB DDR4-2933) memory, 240GB SATA (0OS), 500GB NVMe (Data), Red Hat® Enterprise Linux v7.6,
Altair RADIOSS 2018, Power Management = Max Performance, Intel Hyper-Threading Technology = OFF, SNC = ON, ADDDC = OFF. Testing with other AMD EPYC or Intel Xeon processors may result in different performance results.
ROM-56

ROM-99:

A 2P EPYC 7702 powered server has SPECvirt_sc2013 score of 5451.2 and 305 VMs, https://www.spec.org/virt_sc2013/results/res2019q3/virt_sc2013-20190726-00122-perf.html as of August 7, 2019. The next highest score is a 2P Intel
Platinum 8180 server with a score of 3376 and 189 VMs, https://www.spec.org/virt_sc2013/results/res2017qg4/virt_sc2013-20171017-00098-perf.html as of July 28, 2019. SPEC® and SPECvirt® are registered trademarks of the Standard
Performance Evaluation Corporation. See www.spec.org for more information. ROM-99

ROM-100:

based on VMmark 3.1 SAN. An EPYC 7702 powered server delivered a VMmark 3.1 SAN storage score of 12.88 with 14 tiles on Aug 7, 2019. https://www.vmware.com/content/dam/digitalmarketing/vmware/en/pdf/vmmark/2019-08-07-HPE-
ProLiant-DL385Gen10.pdf. Product available Aug 7, 2019. The next highest 2 node 4 socket score of 9.02 @ 9 tiles with Platinum 8280, ttps://www.vmware.com/products/vmmark/results3x.0.html, July 28, 2019. VMware VMmark 3.0 and
3.1 results can be found at https://www.vmware.com/products/vmmark/results3x.html. ROM-100

ROM-112:

Based on AMD internal testing as of 30July2019 of Blender version 2.8RC3 on Ubuntu 19.04 — kernel 5.0x, rendering a frame from the Blender Open Source Movie Project “Spring” Shot file 02 040 A with 3000 samples, denoising disabled,
motion blur disabled and render time added to EXIF data on AMD reference platform configured with 2 x AMD EPYC 7742 processors, 16 x 32GB, 3200MHz DDR4 DIMMs, 128GB drive, AMD Radeon RX 580 graphics card and AGESA
1.0.0.1 BIOS versus an Intel server from a major OEM configured with 2 x Intel Platinum 8280 processors, 12 x 32GB, DDR4 2933MHz DIMMs, 256GB drive, AMD Radeon RX 580 graphics card and 2.2.10 BIOS. The AMD system
completed the frame render in an average of 24.90 mins and the Intel system completed the same render in an average of 47.58 mins. 47.58/24.90=1.91-1=91% faster or 1.9X the performance. Results may vary. ROM-112
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ROM-113:
Based on AMD internal testing as of 30July2019 of GROMACS 2019.3 lignocellulose3M_rf benchmark. AMD reference platform configured with 2 x AMD EPYC 7742 processors, 16 x 64GB, 3200MHz DDR4 DIMMs, 256GB OS drive, 1TB
NVMe data drive and AGESA 1.0.0.1 BIOS versus an Intel server from a major OEM configured with 2 x Intel Platinum 8280 processors, 12 x 64GB, DDR4 2933MHz DIMMs, 240GB OS drive and a 500GB NVMe drive. The AMD platform
achieved 5.3 ns/day and the Intel platform achieved 3.3 ns/day of simulation time. 5.3/3.3=1.6-1=60% better or 1.6x the performance. Results may vary. ROM-113

ROM-131.:
Based on AMD internal testing as of 30July2019 of HSsort test from TPCx-HS benchmark version 2.0.3 on 2 Terabytes of data. 3 x Supermicro AS -1123US-TN10RT servers configured with 2 x AMD EPY C 7542 processors 32¢ per socket/64c
per nodel6x 32GB 3200MHz DDR4 DIMMs, 3x 1TB NVMe drives, Mellanox CX-5 NIC and BIOS 2.0 NPS= NPS4; SMT=ON; Determinism Slider= Power; versus an 3 x Intel servers from a major OEM configured with 2 x Intel Platinum
8280 processors, 28¢ per socket/56¢ per node, 12x 32GB DDR4 2933MHz DIMMs, 3x 1TB NVMe drives, Mellanox CX-5 NIC and BIOS 3.1 Hyper-Threading=Enable; Power Technology: Custom; Power Performance Tuning: Bios Controls
EPB; ENERGY_PERF_BIAS_CFG mode: Extreme Performance. Both systems used RHEL 7.6, openjdkversionl.8.0_212-b04, HDP 3.1, Spark version 2.3.2. The AMD servers achieved an average of 2,301,033,506 b/s and the Intel servers
achieved an average of 1,500,587,408 b/s. 2,301,033,506/1,500,587,408 = 1.53-1=53% more throughput or 1.53x the throughput. Results may vary. ROM-131

ROM-132:
Based on AMD internal testing as of 30July2019 of HSsort test from TPCx-HS benchmark version 2.0.3 on 2 Terabytes of data. 3 x Supermicro AS -1123US-TN10RT servers configured with 2 x AMD EPYC 7542 processors 32¢ per socket/64c
per nodel6x 32GB 3200MHz DDR4 DIMMs, 3x 1TB NVMe drives, Mellanox CX-5 NIC and BIOS 2.0 NPS= NPS4; SMT=0N; Determinism Slider= Power; versus an 3 x Intel servers from a major OEM configured with 2 x Intel Platinum
8280 processors, 28c¢ per socket/56¢ per node, 12x 32GB DDR4 2933MHz DIMMs, 3x 1TB NVMe drives, Mellanox CX-5 NIC and BIOS 3.1 Hyper-Threading=Enable; Power Technology: Custom; Power Performance Tuning: Bios Controls
EPB; ENERGY_PERF_BIAS_CFG mode: Extreme Performance. Both systems used RHEL 7.6, openjdkversion1.8.0_212-b04, HDP 3.1, Spark version 2.3.2. The AMD server finished the test in an average of 870 sec and the Intel server
finished the test in an average 1,335 sec. 1- 870/1,335 = 35% faster or 1.35x faster. Results may vary. ROM-132

ROM-136:
Based on AMD internal testing as of 02Aug2019 of HammerDB Benchmark v3.1 on Microsoft SQL Server®. AMD reference platform with 2 x AMD EPYC 7742 processors, 16 x 32GB, 3200MHz DDR4 DIMMs, 6 x Micron 9300 2.9TB
NVMe drives and BIOS AGESA 1.0.0.1 versus an Intel server from a major OEM configured with 2 x Intel Platinum 8280 processors, 4x64GB and 8x32GB 2933MHz DDR4 DIMMs, 6 x Micron 9300 2.9TB NVMe drives and BIOS 3.1. The
AMD server achieved an average of 8,935,583 TPM and the Intel server achieved an average of 6,132,927 TPM. 8,935,583/6,132,927 = 1.46-1=46% more throughput/TPM or 1.5x the throughput/TPM. Results may vary. ROM-136

ROM-137:
Based on AMD internal testing as of 02Aug2019 of HammerDB Benchmark v3.1 on Microsoft SQL Server®. AMD reference platform with 2 x AMD EPY C 7742 processors, 16 x 32GB, 3200MHz DDR4 DIMMs, 6 x Micron 9300 2.9TB
NVMe drives and BIOS AGESA 1.0.0.1 versus an Intel server from a major OEM configured with 2 x Intel Platinum 8280 processors, 4x64GB and 8x32GB 2933MHz DDR4 DIMMs, 6 x Micron 9300 2.9TB NVVMe drives and BIOS 3.1. The
AMD server supported 256 users with an average of 8,935,583 TPM and the Intel server supported 112 user with an average of 6,132,927 TPM. 256/112 = 2.3X or 230% the users, 1.3x more or 130% more. Results may vary. ROM-137

ROM-138:

Results as of 8/7/2019 using VMmark(R) 3.1 vSAN. AMD 7702 score of can be found at https://www.vmware.com/content/dam/digitalmarketing/vmware/en/pdf/vmmark/2019-08-07-HPE-ProLiant-DL325Gen10.pdf. Product available Aug 7,
2019. The next highest score with an Intel 6152, can be found at, ttps://www.vmware.com/products/vmmark/results3x.0.html. VMware VMmark 3.x results can be found at https://www.vmware.com/products/vmmark/results3x.html. ROM-138

ROM-172:
Compares running 8,400 identical Docker containers on Intel 2 Socket Xeon 8280 based systems versus AMD EPYC™ 7702 based. Internal AMD testing performed on each system running from 4 to 256 containers with identical loads, relative
performance/throughput in events per second. The Intel based system reached 60% and 100% thread saturation at between 64 to 88 containers and 96 to 128 containers respectively. The AMD based system reached 60% thread saturation at
between 140 to 185 containers. 100% of threads on the AMD system were saturated at 256 containers. At the closest measured point to 60% thread saturation, the Intel based system ran 64 containers while the AMD EPYC™ based system ran
140 containers within +/- 3% performance calculated as events processed per second per container. This resulted in the AMD EPYC™ based systems running 2.2X (140 vs 64) the number of containers at nominal (60%) utilization. System
Configurations: Intel Xeon based servers with (2) Intel® Xeon® Platinum 8280 2.7G, 28C/56T, (12) 32GB RDIMM, 2933MT/s, Dual Rank DIMMs, Hard Drives including (1) 480GB SSD SAS Mix Use, (1) 1.6TB NVME Drive; AMD
EPYC™ servers with (2) AMD EPYC™ 7702, 2.0G, 64C/128T, (16) 32GB RDIMM, 2933MT/s, Dual Rank DIMMSs, Hard Drives including (1) 480GB SSD SAS Mix Use, (1) 1.6TB NVME Drive. ROM-172

| AMD EPYC | DECEMBER2019 | PC CLUSTER CONSORTIUM 2019



DISCLAIMER AND ATTRIBUTIONS

DISCLAIMER

The information contained herein is for informational purposes only, and is subject to change without notice. While every precaution has been taken in the preparation of this document,
it may contain technical inaccuracies, omissions and typographical errors, and AMD is under no obligation to update or otherwise correct this information. Advanced Micro Devices, Inc.
makes no representations or warranties with respect to the accuracy or completeness of the contents of this document, and assumes no liability of any kind, including the implied
warranties of noninfringement, merchantability or fitness for particular purposes, with respect to the operation or use of AMD hardware, software or other products described

herein. No license, including implied or arising by estoppel, to any intellectual property rights is granted by this document. Terms and limitations applicable to the purchase or use of
AMD’s products are as set forth in a signed agreement between the parties or in AMD's Standard Terms and Conditions of Sale. GD-18

©2019 Advanced Micro Devices, Inc. All rights reserved. AMD, the AMD Arrow logo, [insert all other AMD trademarks used in the material here per AMD’s Checklist for Trademark
Attribution] and combinations thereof are trademarks of Advanced Micro Devices, Inc. Other product names used in this publication are for identification purposes only and may be
trademarks of their respective companies.
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