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Compute Demand
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IN INT #—T 2 R VMs (H-Series)

L]

KREAEY

J—Ba—Fk AT RiE AEYNUERIE | AEYNDFIE AEYNURIE | AEYNYFIE SEEHE = AEYHPC
CPU AMD EPYC 4th Gen | AMD EPYC 4th Gen | AMD EPYC 3@ Gen | AMD EPYC 2"d Gen | AMD EPYC 1st Gen | Intel Xeon Platinum | Intel Xeon E5 v3
“Genoa-X" “Genoa-X" “Milan-X" “Rome” “Naples” “Skylake” “Haswell”
a7/ VM 24~176 24~176 120 120 60 44 16
iEtlF Q1P /5l 6TF 6TF 4 TF 4 TF 0.9 TF 26 TF 0.7 TF
(FP64)
AEY N R 800GB/s 800GB/s 353 GB/s 353 GB/s 263 GB/sec 191 GB/sec 82 GB/s

8~59GB/core,

4~29GB/core, 688

4 GB/core, 480

4 GB/core, 480

4 GB/core, 240

14 GB/core, 224

<N
rEUVBE 1408GB total GB total total total total 8 GB/core, 352 GB GB
— 480 GiB SSD x 1 480GiB SSD x 1
A—AILTA4RY 1.8TB NVMe x 2 1.8TB NVMe x 2 960 GB NVMe x 2 | 960 GB NVMe x 1 700 GB SSD x 1 2 TB SATA
InfiniBand 400Gb NDR 400Gb NDR 200 Gb HDR 200 Gb HDR 100 Gb EDR 56 Gb FDR
Yy cIT—9 80GbE 80GbE 40 GbE 40 GbE 40 GbE 16 GbE

*All cores, non-AVX, peak Boost/Turbo frequencies
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AR5 HTF 4 THasHRL—3 0D
FODEF U IT—HAR—X

© Microsoft Corpoﬁtion



GPU VMs (NC/ND Series)

NC-Series VMs

NC_A100_v4

rd
CPU AMD 3 Gen EPYC 7V13

(Milan)
g 24, 48,96
GPU NVIDIA A100
AEVBE 220/440/880
A—AILT 4R 1123/2246/4492 GiB NVMe
rybk9—9 Azure Network(~80Gbps)

ND_H100_v5

4th Gen Intel Xeon Scalable

ND-Series VMs

CPU Processors
(Sapphire Rapids)
aO7H 9
GPU 8 x NVIDIA H100 (next gen
NVSwitch and NVLink 4.0)
AEYRE 1900GiB
A—AILTARY 1000 GiB SSD

400Gbos NVIDIA Quantum-

Y b7—9 2 CX7 InfiniBand

Intel Xeon E5-2690 v3

Intel Xeon E5-2690 v4

Intel Xeon E5-2690 v4

NCasT4 _v3

AMD 2nd Gen EPYC 7V12

(Rome) (Broadwell) (Broadwell) (Haswell)
4,8, 16,64 6,12, 24 6,12, 24 6,12, 24
NVIDIA T4 NVIDIA V100 NVIDIA Tesla P100 NVIDIA Tesla K80
28/56/110/440 GB 112/224/448 GB 112/224/448 GB 56/112/224 GB
180/360/2880 GB ~700/~1.4/~3 TB SSD ~700/~1.4/~3 TB SSD ~380/~680/~1.5TB SSD

Azure Network + InfiniBand | Azure Network + InfiniBand
FDR (NC24rs_v2 only) FDR (NC24rs only)

o

Intel Xeon Platinum 8168 Intel Xeon E5-2690 v4

Azure Network + InfiniBand
FDR (NC24rs_v3 only)

ND_A100_v4

AMD 2nd Gen EPYC 7V12

Azure Network(~80Gbps)

NDm_A100_v4

AMD 2n Gen EPYC 7V12

(Rome) (Rome) NVELS) (Broadwell)
96 96 40 6,12, 24
8 x NVIDIA A100 (80GB) with | 8 x NVIDIA A100(40GB) with | 8 x NVIDIA V100(32GB) with 1 2 or 4 P40 GPU
NVLINK 3.0 NVLINK 3.0 NVLINK T
1900GiB 900GiB 672 GiB 112/224/448 GB
6.4 TiB SSD 6TiB SSD 2948 GiB SSD ~700/~1.4/~3 TB SSD

Azure Network + InfiniBand
(large size only)

Azure Network(24Gbps) +

Azure Network(24Gbps) + 200Gbps InfiniBand HDR 100Gbps InfiniBand EDR



GPU VMs (NV Series)

Nvads_
A10_v5

AMD EPYC 74F3V

AMD EPYC 7V12

CPU (Milan) (Rome)
:IT%?& 6,12, 18, 36, 72 4, 8,16, 32
GPU NVIDIA A10 AMD Radeon MI25
GPU#k
o — o~ s 1/6,1/3,1/2,1,1,2 1/8,1/4,1/2, 1
(IN—Tq1>32)
GPUXTEY) 4,8, 12, 24, 24, 48 GiB 2,4,16,32 GIB
FENEL 55/1 10/220/{140/880/8 14/28/56/112 GB
80 GiB
a—A )71/7- 14 R 180/360/72(5)/57[)20/1400 GIB | ge/176/352/704 GiB SSD

Y kI—7

NV-Series VMs

Intel Xeon E5-2690 v3
(Haswell)

6, 12, 24
NVIDIA Tesla M60

Intel Xeon E5-2690 v4
(Broadwell)

12, 24, 48
NVIDIA Tesla M60

1.2.4 1,2, 4

8,16, 32 GIB 8,16, 32 GiB

112/224/448 GiB 56/112/224 GIB

320/640/1280 GiB SSD 380/680/1440 GiB SSD

Azure Network



InfiniBand /\— Ko 7

Connect-X 5 Adapter

- HB/HC 1) —X
- EDR 100Gb/s InfiniBand
- Up to 200M messages/second

Connect-X 6 Adapter

HBv2/HBv3 1) — X
HDR 200Gb/s InfiniBand

Up to 215M messages/second
PCl Gen4

Adaptive Routing on Reliable Transport | Enhanced vSwitch / vRouter Offloads



InfiniBand#&

H | HY 1) —X (InfiniBand)

- H16r (FDR)

- HB60rs (EDR)

- HC44rs (EDR)

- HB120rs_v2 (HDR)
- HB120rs_v3 (HDR)
- HB176rs_v4 (NDR)
- HX176rs (NDR)

=l Virtual Machine

N | N2 1)—X (GPU + InfiniBand)

- NC24r (2x NVIDIA K80 + FDR)

- NC24rs_v2 (4 x NVIDIA P100 + FDR)

- NC24rs_v3 (4 x NVIDIA V100 + FDR)

- ND24rs (4 x NVIDIA P40 + FDR)

- ND40rs_v2 (8 x NVIDIA V100 + EDR)

- ND96rs_v4 (8 x NVIDIA A100 + 8 x HDR)

- ND_H100_v5 (8 x NVIDIA AT100 + 8 x NDR)



Bandwidth (Gbps)
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Fastest HPC/AIl Network in Public Cloud

InfiniBand Bandwidth (RDMA-Write) InfiniBand Bi-Bandwidth (Send/Recv)

\
Bandwidth (Gbps)
S
~—

1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23

. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Message Size (bytes)

Message Size (bytes)

New 400 Gbps InfiniBand RDMA fabric on PCle Gen5 accelerates job
performance for faster time-to-solution and lower total job cost.



HBv3 Performance Benchmark

HPC at Extreme Scale on Azure

HBv3 (120 EPYC 7V13 cores); Scaling Curve up to 33,408 CPU cores
Siemens Star-CCM+ 15.04.088 — Le Mans 100m Coupled Solver Model - 20 iterations

Speedup (relative)
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Azure Storage

O—AIRKL—D
Azure Blob X b L—

NAS Y )a—S 3>

DT 7AI AT L

Local Disk : SSD, NVMe g

Managed Disk : Premium SSD, Ultra SSD .SSI:é .ﬁré

Blob

A Data Lake St Gen2 -
zure Data Lake or(a_n{gi“?Ej
NFS Server (laaS)

Azure NetApp Files m

Azure HPC Cache

F <
Lustre, BeeGFs  [HVIRES

Cray Clusterstor o —rmace
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v OPEN EDITORS  \ UNSAVED |
TS @ERDENS wre/vwworkbenchco... “>")m;>m>m7"m’
01TOrLNPUT, &
.:ﬁﬁ-n-.o editor'; PUT, LEO1TOFANPUT, EOLTOFSUFOEr } TFOM *VS/WOrKDENCH/CONBON/
YetDIEGROrMOdeLtS wrc/vs... [
8 dimport { IInstan ==
5 resWCRESRTGALS .. tiationService } from 'vs —
s instantiation’; /platforn/instantiation/connon/ .
et =
- 9 import { IConfigurationservice, IConf } from * =
e configuration/conmon/configuration'; =
85 e 10 import { dispose, le, Disp } from 'vs Ut . %?;_
/ fecycle's ==
> gum 11 import { Registry } from ‘vs/plat registry platforn’; =
@ v . 12 fhport { coalesce } fron +ys/base/comnon/arrays's =
i 13 il from 'vs/s itor/common/editorComnon’; ’ :,.;."
> rowser 14 nch/ common/editor’; —
i rw—ws/uerkbench/to-mledmr/ =

® "": 4 15
v >
® |~ v M .
® o e 781 :: const wu.opumtmnm-( .?'—'
v5 resoureeEGROMNpULES 19 LEFT: “left's :{:
:: RIGHT: ‘right’s — .’..:_
PROBLEMS.



Azure CYCLE CLOUD

HoWBHHRBEDOHPCY SREF—PEY T aAVEA—T1 VT VSR 2—%#K. EHE. EMA. R#L

v HPCY S RA—%RHBICHERBSLIUVER
+ CycdeCloud®™> = T7T)/r—2 3 vABHPCY 5 X8 —DEECEEATIEE
v &b@é/a7X7/1 SERIFIVIEIZTRE VY EEH
Slurm, Grid Engine, HPC Pack, HTCondor, LSF, PBS Pro, Symphony#%: E#&2 7% a3 TR ¥ a—
77— %JE?R_IFII:
. Hm77U7—>a>b?4—7§—:/7®7b—A7—954>xh—»%&@4}—
o — %R AW EE
ARBLAA—=DTT TV r—23 0003 TR V21 —5DHRE T A X[k
v HPC77Z’5‘ EE‘E DY A XICBBRT—1) Y

« DY—RDRMBITELET, A7 V1—FXIEDEER7—") VT HEE
v o5 RE— *é”rﬁ'lﬁﬂb*:J:U 2 1R
«  Active Directory®LDAPH—/NEFEE L A—ILA—R DT ¥ & Al Z 1244

o OR FOBEHEE K UHITE
o NIF—IURADER
vV DS RE—FHAREIARX
o FUTL—FRIZLY., BMIZEDERYSREABHROCT IV S5—2a v HRE T A XAl
v ATy FHPCH#XI]
. Avere, Microsoft HPC Pack, $i&#RAAH DT —RERE Y —ILDHYR— kY, N—RA B XV
FUTLIRBEELED/NMTY) v FHPCERIEAZEIH HPCH 5 2 &

TRARA—/—F

HPCY S RABREZT JO4

- EEE HPC 1 —4'—

$ gsub go.sh

CycleCloudD EEEEIZT VX

/A Azure CycleCloud

Create a New Cluster

2\ ALTAIR

Altair Grid Engine

& CYCLECLOUD




Azure CycleCloud

J_ _-US I \// \o Ij — )( \/ l\ @ A Azure CycleCloud
® EE??U) Ij - 7 EI — I‘\\ & Z /7- :) a1 5 ;E 7 5 '-7 PBS_HPC_Docker03 (10)
K{LaT e o

o )Y —AANBIEET U A EEE
« FA—FRT—1UTBEE. T5—0E

ITYR—I A2 b é@
s REELUNEBY SV FDT—9 J0—%EE
o SREE - E2W]ICActive Directory D F| AT HE

«c RET—EBMUMOHET7 VR ZRE M

ESRRAIRIA R o]
« AXRMEE (FH=EORXR M)
e ARMZEE - FlHT 56D Y—ILDRIE

e le]le



Azure CycleCloud B R— 4523 TRy Va1 —5—
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HBv4/HX (AMD 4t Gen EYPC Genoa-X)

HBv4/HX 1) —X VM &, HEHRADZE. AR

BEREBH. JAVFIVFRFBELEUNY I IR

EDA., LVA VT, HFEAZE, SHEHBRRIZE.
KSEVIaAL—Yayv., ERMURIDIHREDS
FELHHPCO—/ O— FEIFIZERE{EESTL
£9,

AMD 41X EPYC™ 9V33X(“Genoa-X") &= &
BK176a7. RILFALY K&EL
688GB(HBv4)/1408GB(HX) * & ') #&#;

/ — F&7-Y DDDR5 A £ ) Higig 780MB/s # izt
768MB L3x ¥ v o

400Gbps NDR InfiniBand#& &}

1.8TB NVMe x 2 &

AN NI NI NN YN

B Microsoft
WMl Azure

AMD EPYC 9V33X

= Genoa-X
CPUJRE > 4 GHz
(max. single core: 3.7 GHz)
176(HB176rs_v4) 176(HX176rs)
144(HB176-144rs_v4) 144(HX176-144rs)
VM&BZDDI7%% 96(HB176-96rs_v4) 96(HX176-96rs)
48(HB176-48rs_v4) 48(HX176-48rs)
24(HB176-24rs_v4) 24(HX176-24rs)
AEUNY RiFE 780 GB/s (STREAM TRIAD)
. — 3.9 GiB - 28.7GiB /core 8 GiB - 59GiB /core
1= ! !
ERITUR 688GiB 1408GiB
O-hIWT1RD 1.8 TB NVMe x 2
InfiniBand 400 Gbps NVIDIA Mellanox NDR InfiniBand

EHrYNI—2

80 Gbps




Relative Performance

Constant Azure HPC Improvement

Ansys Fluent (Aircraft Wing 14M)

6.00
5.00
4.00

3.00

—
[}
-+
+—
[
o
o
—
()
=
A=)
T

2.00

1.00

1.00 r D =17\
0.00 r T I T T 1
HC HBv2 HBv3 HBv4/HX HBv4/HX . 2 02 3

("Skylake") ("Rome") ("Milan-X") (Genoa) (Genoa-X) - o e @

2019 :

HC (Intel Xeon Skylake)

: HBv2 (AMD 2"d Gen EPYC Rome)

: HBv3 (AMD 3rd Gen EPYC Milan-X)

: HBv4 (AMD 4t Gen EPYC Genoa)

: HBv4 (AMD 4th Gen EPYC Genoa-X)



ND H100 v5

ND H100v5 ) —XDRET I VIE. WM IV FD
TA—T I—V I DEEEFHEDRAT—ILTVvITH
SUVRT—ILT7 9 b EFAIBEUHPC 7—4- 00— K@
(FIZEREt SN TWLWET, / — FH7=UNVIDIAH100 x 8T
BREhTEY. 3.2Tb/s®Mellanox HDR InfiniBand x 8
RAWTHFGPUETRY—ILT7y L TTF7O4935C
EMNARETT ., ZEL DA, MLO T L—LT—H %#FRAL
TEN-N\DFA—T U REHEL, SHIZV—LLARR
GPUO S RAA Y U5 D1=8NVIDIAONCCLIEES A T
[t LF=AlE K THPCY —)LIZ & o T, InfiniBandA >
A—a%) FTENERY—ZEUT4ZERBELET,

v" NVIDIA H100 x 8 (NVLINK) &k

v Intel % 4 t#4X Xeon Scalable Processor (Sappire Rapids) (9637 // — k)
BE

v 400Gbps NDR InfiniBand x 8 T / — K& 1= Y3.2Tb/sDHAE ik Eiz %
Rt

*mr “ B Microsoft
Nl Azure

ND_H100_v5

4th Gen Intel Xeon Scalable

CPU Processor
(Sapphire Rapids)
A7 96
GPU 8 x NVIDIA H100 (next gen
NVSwitch and NVLink 4.0)
P 1900 GiB
I RE="
‘rlUEm (DDR5 DIMMS)
O—AhILT4RY 1000 GiB SSD

InfiniBand

400 Gbps NDR InfiniBand
(NVIDIA Quantum-2 CX7) x 8
(3.2Tb/s per VM in a non-
blocking fat-tree network)




Azure Managed Lustre File system

Lustre 7 7 A ILV AT AL, HPCERTLKFASN TSR T 7AILU R T
LTY, BVWRIL—Ty FEREZFIRELELA S, KFEELRAML—Y 4 X[
AR—) 0 TEBRFA—ToY—ROHLFN T 74V O RXTLTYT, Azure
Managed Lustre File systemTI&, 252 FEICHEBELGH A X, BWELGHEEFEE
EL., Lustre 27 AI VAT LEXRESL BRI A ENTEFET,

- Azure Blob Storage & D#fi &
- LustrefEE X k L—UEHE (HSM) -.
. BLOBaVFF—MD T 7 A ILDA Vil— bT 5 EATTHE .
i

g IdRRT L ERESN=T—2 ZBloblzT Y XKR—
- HPCA—45 A FL—S a3y — )L EDEE

[msadmin@admin ~]$ 1fs df -h

- Azure CycleCloud WuID bytes
lustrefs-MDTOOOO_UUID 598.9G 5.7M 548.3G
lustrefs-0STEEOO_UUID 15.8T 1.2M 15.0T7

- Azure BatCh lustrefs—0STOAO1_UUID 15.8T 1.2M 15.0T

lustrefs-0STOOEO2_UUID 15.8T 1.2M 15.0T7
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