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AMDAO 5]

AMD (354 O0S—U—49—TF

HEREYIDCPU O .

~ HFRIDI 7Y I~ HRIDIT7 Y ROT7
720 2 16GHz 4 HEIDx86T 2 —1J7CpuU FEEAPU
% ZRAR 77)L 377 CPU
2000 2004 2007 2013

2003 2006 2011 2019
HERL D64-bitx86 7' At v H— HFRFID1GHz GPU HFEFIDCPU & GPU 1 A D 7rm A — X
9:(;{5)‘ g x86 CPU + PCle®4
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HPE — AMD OD3&ER )\ — M F—2 v D

Hewlett Packard Enterprise & AMD

«HPEEAMDIZ, EPYCT7 Ot v UHAFE DM

=)

R/N— kF—

AHPEEAMD ittt T, EPYCO 7 At v Y OWE TR A2 =T
4AMD EPYC 7000 — X7 At v Hif. HPEOEFHNLBR AT — VT v bV

) 2—> 3758

4HPE ¢& AMD T Gen-Z AV =T LEED, BRABA—T VAEX VX —FKT

BARERICHY £F

«HPEEAMDIZSEHLEPYC Oy HIC@mIITA-aATZHRL—a v ai#EL. BE
BRANFEEAERRZREETCZ S L5, REAMBICEOW RGO ZHKIT TS

) Ex9
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2N GEN - “‘MILAN” “7an 4”
v 4 AMD EPYC =1
1sT GEN ‘ROME’ _ “Zen 3I’_’_I
AMD EPYC™ SHA2TT
“‘NAPLES’ “Zen 2”
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”Zin”

HHqareR

201 7 sl ) ()7 7

Roadmap Subject to Change



AMDV
SC2018T P F I > AENIZHPE/ROME DA O> T Y b

Rome 5,000 nodes
Powered by HPE

High-Performance Computing Center | Stuttgart

>aVy bHILN\AIN DA -V RAETETE> 5 —
High-Performance Computing Center of the University of Stuttgart (HLRS)

Hawkld. AMD (NASDAQ:AMD)EPYC™ HFE_tH{{70OtvY a—FH—
“ROME” Z1E8 & I HHPEQ R B Ea  E1—T 425 (HPC) TS5 yh T4 —

LHEAR—=XIZLTHY . E—VEBiF4EE(L24 PFLOPT., 500086 D /—FK OS5 AR T
BRESNET

PR R ITAERZE DR EIHDMGEZERT L, FAf-bIdEEEED
EA—TAT DD —HEDITA TSRS F I8 hE R EE{ToTLY

ESC
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B LS{EFHRFTPR

—~HPE ProLiant DL385 Gen10 =& A
~AMD EPYC 7501 (32 core) x2 V4w I~ (Total 64 core /Node)

—~Total 136 Nodes (Total 8,704 core)

- FHIE :
~AMEANTJ LA X 8| (Fl PR IX1E) DThingt& ./ —
- AT X@EDThinst&./ — R

i

~ Naples F2EHDMN1T > b -
-PESNEFRETCTHERBIEDZ DA77 ZHET DINEND DT
~F LU TFDNodeZLT. KNZ < DCoreZHE T D ENHESE
- AUtt4X : 5545 . 108,000 Core

-%ml : 204&=. 110,000core

= 3/5 XK
- ZZURL:
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https://sc2.ddbj.nig.ac.jp/index.php/systemconfig

S AMD EPYC™

= ERED x86 Tt w

64 128 | 128:. 225 3.4 GHz

2w R PCle*4.0 L —> v N TDP AT — X NEEE
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RIWVFFYT c T—FT I F ¥ —DEETT

Melg| o |88 W

14nm
1/0 DIE

WMol o [28[8 s

Monolithic die Multi-die MCM Chiplet
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\ .llllllllllll EEEEEEEEREEN
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i - CPU, Memory & 1/0 CPU, Memory & 1/0
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! mwm
B8 ¢
CO
- =
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_ : CPU, Memory & I/0 CPU, Memory & 1/0
| m-
| -
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o AR ERSEREREE ERERERERENN
I NERENRLTY SUEREREREY D

FE1HALAMD Infinity 77—+ F v
ZIT U T SNIz4 DD SOC

AMD1

BN | EPYCC

7o)
+*
= | CPU CPU CPU  CPU
" i 4+ -+ s
= @ v &
‘ n (Rl =
5=8| cPU  CPU CPU  CPU
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i o0
0 0 L T L *

| B B 0NN R
A
214X AMD Infinity 77— O F v TGN

8fEdD7nm CPUFwV L v ~ E1fEdD14nm I/OFw T LW

JOS—T > hO-L
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7 AV by I EIFE=HHARYZEN

BRICNATUY R - IVFHA - THAL>

{ Yoy i': :‘.:w:::a..;h..u .
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L R I

T
1
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PEFE, TJTvF,FI1—RK, L1FvvSa
JO> RI> RZEXDIEETHDRAIL—T v hsgfb U TCET

»

“Zen

Redirect from Dispatch/Execute

}

2 1IRE S35 sHI 14426 g2 4}
s ¥l e D=6

L2 predictor Perceptron TAGE
2x LO BTB (Branch Target Buffer) 8 16
2x L1 BTB 256 512
1.9x L2 BTB 4K 7.5K ndirect Target Array
2x indirect target array 0.5K 1K 32522:1: — —
1/3 lower mispredict rate target v v v
L1 F Y S 10DaE 6 T
2x associativity 4-way 8-way
Improved utilization 4

ARL—S3>F v v o4

[fused instr)

Better instruction fusion v

6 Micro-Op Dispatch

Better effective throughput 4
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= S S Ly 1y =fes, SEET
AR IEN

ALUs (GRIEEEH)

AGUs (ZRLAXZTxRL—%4)

Bigger ALU scheduler

6 Micro-Op Dispatch

byl

More unified AGU scheduler

Bigger register file

Bigger reorder buffer

,F:}JL'JJ AG

| AMDEPYC | SEPTEMBER10™ 2019 | HPE CAST INJAPAN

4x14 4x16
2x14 1x28
168 180
192 224

| ||




Z /N R /ALY RE

fEDABNES

4 Micro-Op Dispatch 8 Micro-Op Retire

byl }

224-Entry Reorder Butter

llzen"

AVX256 instruction support

EDC management 4
256b
Loads
2x width vector register file 128b 256b
2x width loads (2) 128b 256b
2x width stores (1) 128b 256b Int to FP
FP to Int, Store
Improv le-precision
pf)eddoubepecso 4oyc 30y
multiply latency
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FrwvSaEEEd7aA>I L v IR (CCX)

CORE 0 4LIDFvwv>1 O— KR/ AN IEZ “Zen” D 2
f&(Cr@{l

- 32BHAOILEHED
lland 2 U T TwvF ROV b > D%k
43F v ald “Zen” D2fF CCXHTZD16MB
4 CPU Die (CCD) 12D 32MB

32B fetch 32B/cycle

A

A

2*32B load

v

A

32B/cycle

v

A

1*32B store
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AV DELD

Branch Prediction

\ (, ) ¢ ) ‘;. .-__ I “ l
4 TAGE 73157 BRI DEEFS <

s AR =2 32F v 1FE x2E 4 instructions .
4 L1 Fv v amag(lt High x245

4 VRULAZDTHRL—23>0 vy bZa3E(CH1E
4 ORBNEEEER > — SR x215 (256bitlE)

4 3F P v aB=E x2f8 (1CCDHT=D32MB)

« JUJTzwvFROvY ~J>J5ik

32K L1l Cache (¢

A

8 fused instructions

6 dispatch ops

INTEGER l l FLOATING POINT

« 7nm JOCRFo /0> —#HH

s IRL—=>23>2F vy abwy bEROE L

_\\_ \\_— ~ i3 2 Lb | /<+Aro
<20V 0, T—ADT—F+ >JtkRER1L 2 loads + 1 store per cycle S N y > L2CacHe

8 Way 8 Way

*vs original “Zen” core
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O0—RYY

J®E—8

[ =}

— . R—ZE R BAXT—RF L3Fvryvia DDR B ADDR Yy FEEY B PCle Gen 4
+£ LES | ALy F N - i
TLES T v F# (GH2) mx#(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
iz 64 128 2.0 3.35 p10]0) 256 8 3200 204.8 128
7202P ’ ’ ’
7642 48 96 2.3 3.3 225 256 3200 204.8 128
7552 48 96 2.2 3.3 p10]0) 192 3200 204.8 128
7542 32 64 2.9 3.4 225 128 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
2402P 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
7302pP 16 32 3.0 3.3 155 128 8 3200 204.8 128
7282 16 32 2.8 3.2 120 64 8 3200 85.3b 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 85.3° 128
7252P 8 16 3.1 3.2 120 32 8 3200 85.3° 128

a. 7OtY UDEERIRERRARS > J)L 77 EIRER

b. DDR4-2667 DIMM 4F v &)L COENME(C&iEIL
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AMD 1 > JA =5

4 AMD EPYC™ 7002>Y —XTJOtzw (&, 10.7GT/s
TEEFEDAMD EPYC™7001> ) —XTS5w NI A4 —

LETFBRTY

4 AMD EPYCS U —X (&, B2 XDTSw h T A —
INTEANISGT/sDVTY NEA > T4 =54 70

UwDO=aRIBUFET

« JOtvHREIEEKaODY Y N1 > T4 =

S4 I7 Ty I TERESNET

4 DEBEY D UHEEIEARREAT-SEUST &

RHEUET

- Y >R, 5—%4,CRC [ x16 link=EFIFHLZE T

LRSI > D4 Z—FT1 I 7T VY IMH

HREDRAT—SF EVUF 1 Z%E
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1VE)

A IT7ITVYI"

2V NED A>T =5+« T7 T UwIMEE
(4 Links)

202
172 183

134

Bandwidth (GB/s)

10.7 14 16 18
Socket-to-Socket Infinity Fabric Datarate (GT/s)

Data BW (GB/s) =#—Raw Link BW (GB/s)

Raw Link Bandwidth: 16b/link * 4 links * 2 (bidirectional) * datarate
Data Bandwidth: Measured STREAM effective cross-socket data bandwidth



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 | SEPTEMBER10™ 2019 | HPE CAST INJAPAN 2:75% NUMA 2 + 25% NUMA 1 traffic mix; 3: NPS=1 Default Setting; 4: DRAM Page Miss



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



AEVU—-RE— R &I RiED%EER

L
-
Hl
ol

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.

| AMDEPYC | SEPTEMBER10™2019 | HPE CAST INJAPAN *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

| AMDEPYC | SEPTEMBER10™2019 | HPE CAST INJAPAN 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 EndnoAMKDNEPYE, ROMSERT ROAB ER LB M206ROVHIPE SARDINI78PAN



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

749 —
AMDIA
=PYLC | 64C
550" —
AMDA
=5vr | 4sC
431 — | |

381 —
| e —.

Platinum Processors

285 —

2S AMD EPYC”™

PRODUCT STACK

2S Intel® Xeon®

PRODUCT STACK
184 —

Intel® Xeon® 130" — :
Silver Processors
| =rYC | 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

| AMDEPYC | SEPTEMBER10™ 2019 | HPE CAST INJAPAN Results as of 8/7/2019 USing SPECrate(R)2017_int_base SEE ENDNOTES



INT A —X > ADEHIE

E=7 T — 3> (CHBITFB

1BIEfRtT

/i O Altair

get it right®

BIREZFREART

=x /2%

EOBENTA -

=+ 58%

ENOI=AVAN B S

& LSTC.

IuRrmora Ballvnr

L

=X 719%

ENOI=AVANS B S

SIEMENS ANSYS

=2+ 95%

EOBNTA -T2

=+ 95%

ENI=AVAN S B S

| AMDEPYC | SEPTEMBER10™ 2019 | HPE CAST INJAPAN

SEE ENDNOTES ROM-63, ROM-56, ROM-49, ROM-42, ROM-70



NI A =T 2V—4— & LT 80 topttt5RspsR

4 26 A4 7 18 6 4 11
@c@ =R

FIOATING POINT

By

Fenced %@ 4,
— —

Segment Java

JAVA BASED

0

CLOUD & HIGH PEREORMANCE

COMPUTING APPS PERFORMANCE

INTEGER DB/FRPRLISINESS  ENER RIG DATA &
PERFORMANCE APPIICATIONS  EFFICIEN ANALVYTICS VIRTUALIZATION

HPC

PERFORMANCE

BigData ,, Cloud l

SDI/Enterprise | l

l
?ﬁﬁg’:ckam LG:I‘IOVO, GIGABYTE ‘-E‘LIPL-RMLL:;,; 10 H PC Be St'i n 'C I a SS o
up to 2x

vs. Intel® Xeon® Scalable Processors

37 21 17 5
up to 2x

vs. Intel® Xeon® Scalable Processors

?

As of 8/7/MRERYG i SERTENRER QT 2013 | HRE CATT I jaPAN
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NAMD Single-Node Performance

NAMD M OLECU LAR 2% Gen AMD EPYC Improvement over 1st Gen EPYC 7601

2™ Gen EPYC ~99% improvement
aver 1 Gen EPYC 7601

DYNAMICS SIMULATION B | ||

"'290/0 improvement
over TV Gen EPYC 7601

EPYC76M EPYC 7547

32 cores) (32 cores)

Relative Elapsed Time

AMD EPYC™ 7742 Scaling on
NAMD STMV.28M

»
¢

/

s

//" ; Z880/0 Scaling Efficiency
A at 16 nodes(2048 cores)

/".

7 ~89% Scaling Efficiency at 8 —=
/ nodes (1024 cores) Bl

// ~94% Scaling Efficiency at
VY 4 nodes (512 cares)
~97% Scaling Efficiency

at 2 nodes (256 cores)

Nodes (128 cores/nade)
| AMD EPYC | SEPTEMBER10™ 2019 | HPE CAST INJAPAN




WRF Single-Node Performance

WEATH ER M ODELI NG | 2“ Gen AMD EPYC Improvement over 1% Gen EPYC 7601

* Gen EPYI( 2 Gen EPYC
“650/‘0 improvement

WITH WRF - " Single Node Test:

"190/0 improvement

over 1% Gen EPYC 7601 ReSOIUtion
Conus 12Km model
48 hours

W
E
=
-
@
w
o
i |
w
@
=
2
=2
@
o

AMD EPYC 7542 Scaling on
WRF CONUS 2.5 KM

Multi Node Test:

~110% Scaling Resolution

Efficiency at 8 nodes(S12

cores) Conus 2.5Km model

~106% Scaling i 3 hOU I'S

Efficiency at 4 nodes (256
tores)

~102% Scaling
Efficiency at 2 nodes (128
cores)

Nodes (64 cores/node)
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Fluent Single-Node Performance
AMD EPYC™ 7002 Series vs. Intel Xeon Processors

ANSYS FLUENT v

Xeon Gold Xeon Plat

bl4K 80

Xeon Gold 6248

~52% faster than
Xeon Gold 6248

AMD Compute Node

Relative Core Solver Rating

num

AMD EPYC™ 7742 Scaling on ANSYS Fluent

Exceptional scalability on the
7 largest benchmarks at 2048
cores (16 nodes)

alrcraty_14m

anding_gear_15m
me000 16«

——exhaust_system_33m

Node Scaling

—e—combustor_71m

pan_racecar_280m

11_racecar_140m

*

1

| AMDEPYC | SEPTEMBER10™ 2019 | HPE CAST INJAPAN Nodes (128 cores/node)




OS & HYPERVISOR H7Rh— b



ROME : OS & HYPERVISORS H7h—

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 | NQt&ickssential Reme spRrport (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,

TSvhTA—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,
0 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
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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
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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)
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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
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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
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FORESHADOW/L1TF TEEEND R
DTN SRESN TS, MIBIEHEDS 2T ADIEET D>

Intel

Performance degradation of up to?:
—31% on SPECvirt_sc2013

—~18% on HammerDB v23 PostgreSQL
—20% on SPECjbb 2015

—~13% on SPECint®2017_rate_base

Ihttps://www.intel.com/content/www/us/en/architecture-and-technology/I1tf.html

VMWare

Performance degradation of up to?:

—~32% on OLTP Database

~25% on Mixed workload/Linux
~22% on Java/Linux

—~30% on VDI/Windows

—Also a significant reduction in usable

Host CPU capacity (up to ~30%
reduction)

2https://kb.vmware.com/s/article/55767
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RedHat

Performance degradation of3:

- ~0% to 30%+ range

—~50% reduction in vCPU with HT
disabled

3https://access.redhat.com/security/vulnerabilities/L1TF-perf



https://www.intel.com/content/www/us/en/architecture-and-technology/l1tf.html
https://kb.vmware.com/s/article/55767
https://access.redhat.com/security/vulnerabilities/L1TF-perf

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
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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 - )L—k AT - F3R T /89—

>
Root of Trust On-chip Boot ROM UC%

Load / Authenticate

-
Off-chip Boot Loader ()C%

Load / Authenticate

M o

Load / Authenticate

OS Secure Boot (UEFI)

BEEDHDIT7— LTI I7BIOSODR S AICKT T
2T5v RNIA—LTF1 VT OEEZIRH
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AMD £%27 + AE! » T4 1) TS 3> (SME)

Applications

AES-128 Engine

DRAM

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

TIVT—2avDEERBESHY FEA

AMD a7 - TP )TTy b - N—FrS14t—

23> (SEV)

Applica*i===

Applicatip=
Applications

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
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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) |
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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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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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