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! FLA/EHEEE{L (D/F-Series)

1 ArL—2/AF) gL (M/L-Series)

- NFS (Azure NetAppFiles)

. NFS Cache (Azure HPC Cache)
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o - Azure Firewall

. Network Security Group

. Azure Defender

VM Scale Sets
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HBv4/HX (AMD 4t Gen EYPC Genoa)

HBv4/HX L 1J—X VM [, SHERANZE. ERE ! !
T, 2PV RFBXUNY I I FEDA,
LYA YUY, SFBAS. sEmEkRE,. S8 AMD EPYC 7004-series
$Tal—Sav. EMURIAHLBEDSEE | CPURRE i
ifd:HPC'j—g H— F FIE'_J (T':E%ﬁ"téﬁf L‘i_d_o (maxl Sing|e core: 3.7 GHz)
. ’ . R ‘ 176(HB176rs_v4) 176(HX176rs)
v’ AMD F4#H{ EPYCM 70042 ) — X ZH58; 144(HB176-144rs_v4) 144(HX176-144rs)
v ®&X17637. YILFRALY KL VM&EDDI7# 96(HB176-96rs_v4) 96(HX176-96rs)
v 688GB(HBv4)/1408GB(HX) * E ') 5 &, 48(HB176-48rs_v4) 48(HX176-48rs)
v J— K%47-UYDODDR5 A E 1 HiEig 800MB/s % izt 24(HB176-24rs_v4) 24(HX176-24rs)
v 400Gbps NDR InfiniBand & il /
v 1.8TB NVMe x 2% 5 , = 3.9 GiB - 28.7GiB /core, 8 GiB - 59GiB /core,
BRATUE 688GiB 1408GiB
O-hIT1RY 1.8 TB NVMe x 2
BB Microsoft InfiniBand 400 Gbps NDR InfiniBand
W Azure EHERY NI -9 80 Gbps




Azure HBv4/HX-series v. HBv3-series v. HC (Skylake)
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Finite Element Rendering CFD CFD Chemistry CFD Molecular Dynamics Weather Finite Element
(Altair RADIOSS) (VRAY) [AMNSYS Fluent) [OpenFOAM) (CP2K) (Simcenter STAR- (MAMD) (WRF) (NASTRAN)
CCM+)

™ Azure HC (Skylake) ®m Azure HBv3 m Azure HBv4/HX
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Constant Azure HPC Improvement Siemens Simcenter STAR-CCM+ (Civil)
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HBv3 (AMD 3 Gen EYPC w/ 3D V-Cache Milan-X)

HBv3 1) —X VM &, Ak HZE. BARMNE L VIS
RMLGEARER2H. [IRETU VT, tHhEMNE,
Brkiths S aL—o3>, RTLYUZalL—2 3 v
E.HPCT7 I r—arvi=HlzmiEitsnT
WET,

v AMD E =1 EPYCM7V73XZ & &k

v HoBHPCT—4- O— KRIZxnT 56/ — K3
U D7 8%z ER A8

v J—FKHE=Y0AE)FHENE 350MB/s T iviit

v' 200Gbps HDR InfiniBandi& &j;

v' 960GiB NVMe x 2% & &

B Microsoft
WMl Azure

AMD EPYC 7V73X - Milan-X
1.9 GHz

CPURRE (max. single core: 3.5 GHz
all cores turbo: 3.0 GHz)
120(HB120rs v3)
96(HB120-96rs v3)
VMBEDDI7EL 64(HB120-64rs v3)
32(HB120-32rs v3)
16(HB120-16rs v3)
AEUINY RiF 350 GB/s
. - 3.75 GiB - 28GiB /core
J I ’
ERATUR 448GiB
O-hVF1R9 960 GiB NVMe x 2
InfiniBand 200 Gbps HDR InfiniBand

EHRrYhI—-D

50 Gbps (40 Gbps#IFHBIgE



https://docs.microsoft.com/ja-jp/azure/virtual-machines/hbv3-series
https://docs.microsoft.com/ja-jp/azure/virtual-machines/hbv3-series
https://docs.microsoft.com/ja-jp/azure/virtual-machines/hbv3-series
https://docs.microsoft.com/ja-jp/azure/virtual-machines/hbv3-series
https://docs.microsoft.com/ja-jp/azure/virtual-machines/hbv3-series
https://docs.microsoft.com/ja-jp/azure/virtual-machines/workloads/hpc/hbv3-series-overview

NC_A100_v4

NC A100v4 1) —XD{RE T L 2IE. NVIDIA
A100 PCle GPU & &34t AMD EPYC 7V13(Milan)Z
Oty hEHINLTWWEST, ZOVMIZIX., mK4
{EDNVIDIA A100 PCle GPU(FMNFNIZ80GBD » E
) ZEE). RKRIGEDIETILFAL Y KAMD EPYC
MilanZ7 A+t vH a7, 880GBND AT LAEH
BEANTWVWET, CN5DVMIE., RO &K 5 HERE
D Applied AI7—- B— FIZ&RETY,

GPUTEREEIN=2HET—FIR—X
RKEDRTNIEBE ZNIBLH D /Ny FHER
SEESER O A=285
BHMEANRDIFERE T2 L—P 3y
ET AN

Al/ML WebH—E X

AN NN N NN

B Microsoft
"MW Azure

NC_A100_v4

NC24ads_A100_v4

NC48ads_A100_v4

NC96ads_A100_v4

AMD EPYC 7V13 — Milan

CPU (2.45GHz)
a7 24 48 96
GPU NVIDIA A100 NVIDIA A100 NVIDIA A100
(80GB) x 1 (80GB) x 2 (80GB) x 4
AEYBE 220GiB 440GiB 880GiB
O—A)L 1123 GiB 2246 GiB 4492 GiB
T4 RY NVMe NVMe NVMe
Network
bandwidth 20,000 40,000 80,000
(Mbps)




NVadsA10 v5

NVadsA10v5 1) —X{RIE< S (2.
NVIDIA A10 GPU & AMD EPYC 74F3V(Milan)
CPU W& s, EXRFR#MIE 32GHz, &
A7 DE—Y REE#IE 40 GHz T,
NVadsA10v5 &) — X Tlk. EBHHI7E NVIDIA
GPU gAY VEEALTULET,
24GIB JL—L Ny I 7—%BA =N
AT0GPU IZLT4GB IZL—L Ny T 7—
#EZT=6 59010 GPUETRELT. GPU
TRIESNE=TS 7499 R TFTTYr—23
VERBTFRY by T LTEELR YA X
DIRETUFEIRLET,

B Microsoft
Nl Azure

NVadsA10_v5

NV6ads

NV12ads

NV18ads

NV36ads

NV36ad
ms_A10_

NV72ads

Al10 v5 | _A10 v5 | _A10 v5 | _A10 v5 - _A10 V5
AMD EPYC 74F3V — Milan
CPU (3.2GHz)
mlyd 6 12 18 36 36 e
NVIDIA | NVIDIA | NVIDIA | NVIDIA | NVIDIA | NVIDIA
cpU A10 A10 A10 A10 A10 A10
(4GB) x | (8GB)x | (12GB) | (24GB) | (24GB) | (24GB)
1/6 1/3 x1/2 X 1 X 1 X 2
2 TC%U F | 55GiB | 110GiB | 220GiB | 440GiB | 880GiB | 880GiB
a— L 180 360 720 720 720 1400
2 GiB GiB GiB GiB GiB GiB
T SSD SSD SSD SSD SSD SSD
Network
bandwidth | 5,000 | 10,000 | 20,000 | 40,000 | 80,000 | 80,000
(Mbps)




Azure Virtual Machine InfiniBand

s Cray in Azure
L/M Specialized VMs 4 b2 N & S @ & |-
........................................................................ D/E/E : RT A B e
s g § H X U B § KT D KIS
A/B . High memory/IO VMs | : HB: X E 1)/ Fig . HPCAYISARSIT Y
: 5 L HCAYEA—TAYY | purehy FO—b (HEGEEE
General-purpose VMs = s WL RE
purp L: 755%I1/0 SSD & I0PS NC: GP-GPUFI
A/B series VMs D: LA : M: KRR A E : ND: Deep learning
) : E: A E Y BE LNV IS TV IRTTY
N—X ~FA[EE VM .
FavEa—F4UisdEt | NP: FPGA
Small scale MPI Extreme scale MPI

(Handful of cores) (100k+ cores)




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)



InfiniBand (Hardware)

Connect-X 5 Adapter

- Powering HB/HC/NDv2 series VMs
- EDR 100Gb/s InfiniBand
- Up to 200M messages/second

Connect-X 6 Adapter

HBv2/HBv3/NDv4 VM
HDR 200Gb/s InfiniBand

Up to 215M messages/second
PCl Gen4

BRI EERTERE (DCT)
* Reliable and scalable transport
*  Lesser Memory footprint

MPIA LY T4 7MOA78—FK (hcoll)
*  Collective offload framework
*  Asynchronous execution
«  Supports blocking/non-blocking collective

UD multicast (MCAST)
* Unreliable datagram (UD) based multicast
*  Create a mcast group and broadcast

PR TTF4TIN—F1a9

Adaptive Routing on Reliable Transport | Enhanced vSwitch / vRouter Offloads



InfiniBand (Software)

MPI Support HPC-X, Intel MPI, OpenMPI, MVAPICHZ2, MPICH
Additional Frameworks UCX, libfabric, PGAS
OS Support CentOS 7.6 LAR%, RHEL 7.6 LABE, Ubuntu 18.04 LARE, SLES 12 SP4LLRE,

WindowsServer 2016 LL[%
(CentOS 8.1. Windows Server 2019LL[% #£4%)

Orchestrator Support Azure CycleCloud, Azure Batch, Azure Kubernetes Service, Virual Machine
Scale Sets, Microsoft HPC Pack




InfiniBand Performance (MPI Bandwidth/Latency)
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Intel MP1 Benchmark pingpong

10 ¢
——HC44rs (EDR) 196Gbps (HDR) .| ——H(C44rs (EDR)
HB120rs_v2 (HDR) HB120rs_v2 (HDR)
0
2,— 6
o
92Gbps (EDR) S .
L
, | 1.7usec (HDR)
4 1.5psec (EDR)
4Afﬂ:~:f\——’\/ﬁ/’|/ ] ] ] ] 0 ] ] ] ] ] ] 1 1 1 1 1 1 ]
16 256 4096 65536 1048576 16777216 268435456 1 2 4 8 16 32 64 128 25 512 1024 2048 4096 8192

message size [bytes]

message size [bytes]



InfiniBand Performance (NCCL Performance)

NCCL Performance Results - NDv4

NCCL AliIReduce Bandwidth HCCL AllReduce Scaling (16 GB)

168 3IK 64K 118K 156K 512K 1M IM 4M  BM TEM ZIM B4 128M I56M S1IM 16 26 4G BG 168G it 12 64 128

Meszage Size [bytes) # GPUs

=
B
1
i3
2
L]

Bandwidth (GB /s )

» NCCL Collective Benchmarks
« NCCL283
+ 16 x NDv4 WM Instances
* Theoretical Peak = 200 GB/s (w/o SHARP)
»  Consistent bandwidth of ~188 GB/s up to 16 VMs

MDA

GTC, April 2021, “Microsoft Azure InfiniBand HPC Cloud User Experience and Best Practices”
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Azure D VM IZIXZHG A X EEBELH Y .

WEED 1 DM

ENRFEIZHESNIDLENHY FTT ., KSBRETIUICE,

HIENEIY B TohET,
Ds v42 1) —X D1 :

H4 X vCPU

Standard_D2s v4
Standard_D4s v4
Standard_D8s v4
Standard_D16s v4
Standard_D32s v4
Standard _D48s v4
Standard_D64s_v4

RET DRy FO—D &

16
32
48
64

A E1):GiB

B

INTA—IVABREDHAEHLELETNETNEL>TULVET,
T, AHEw /) Mbps) TRIESNET,
FHEBN—FH T F7THRACEINTWSED, BILN—FY9x72HEITE3HRETUBTRY FIT—H A

16
32
64
128
192
256

INEWMRET DX Y BEXNICS

&K NIC

cO 0 C© O &~ NN

(Mbps)

=28

Ny

L

WMEGRy T — 0 R

S100]0)
10000
12500
12500
16000
24000
30000



S1E LY k7 —7% (Accelerated Networking)

- BER Y FT— EFERALAEL
VMIZEBAY T 53T RXTORY FT—IORKRRAFERBRASAYFZRAXTVY TS
- BERAY M= %ERT S
Y RIT—H ST IIZVMONICIZEEL -, BEVMIZEEEINS

Without accelerated networking With accelerated networking

T—3 NANBRBRA vFHRLELEDIDT, \7y SRR FTHRY
O—MIBTHEE SN BABRNLGCBY ET, F-. VMATURETE S/
Ty rOBELEBRFET,

REXA vy FOUNEIL, BRTIVHLENHHR) O —DEICKH>TERY
x4, £f-. WEBET-o-TWLWACPUNDT— O—FIZH&ELET, K
JS—DEREN—FKYTT7ICAIDA—FKT 3L, 1y FHAVM IZEE

RESNZNT, TOEMAREINET, 70— KEFS &, AR - [
M5 VM ~DBIE, TATOYT kYT 7HYRA, TATOIALFER - ‘
FoYEZz <Y ET, @ virtualswitch —e— @ Virtug] switch —e—
|
serverl 2
RRAMDIRERA VFEINAINRTBEZEIZEST, Ty bIT—H RS Network card Netwark card Netwark card Network card

" ¥ . %R % B T s A
T4y ENET LD CPU EREZAIBTEET T

Physical switch




EE Ry bT—7% (Accelerated Networking: AN)

Ds_v4< 1) —ZX D

6000

5000

N
o
o
(@]

3000

2000

Bandwidth [MB/s]

1000

—e—D64s_v4 AN D48s_v4 AN
D32s_v4 AN —e—D16s_v4 AN
D8s_v4 AN —e—D4s v4 AN

—o—D2s v4 AN D64s v4 nonAN
D48s v4 nonAN —e—D32s v4 nonAN
D16s_v4 nonAN —e—D8s v4 nonAN

——D4s v4 nonAN —e—D2s v4 nonAN

64 4096 262144
message size [bytes]

Intel MP1 Benchmark pingpong: i@ {EEcEERIL— 7

140

120

—
(o] o
o (@]

Latency [usec]

40

20

—e—D64s_v4 AN
D32s v4 AN
D8s_v4 AN

—o—D2s_v4 AN
D48s_v4 nonAN
D16s_v4 nonAN

—e—D4s_v4 nonAN

D48s v4 AN
—e—D16s_v4 AN
—e—D4s_v4 AN

D64s v4 nonAN
—o—D32s_v4 nonAN
—o—D8s_v4 nonAN
—o—D2s_v4 nonAN

64 256 1024 4096

message size [bytes]

BE, @ERY FT—OFHAN), BERY FT—2ESH(nonAN)



VI EBIEECE J )L— 7 (Proximity Placement Group)

WMEBEREYIL—TIE. Azure AV Ea—TF 42T JY—XAN
FEOIZERINSH/ENL T IIL—TIETYT, EHEBIEEREY IIL—TIL.

[ZIRILBFET,
Mg BERE
AA 7R VM BOEWEFERRE, PR
1 OO AREY FEEIXERETL Y R5—IL £y FRD Q4

VM B D5E LVEFE B,

AAUF7RU VM, E8OATHAEEY FRD VM, F£=13E
BORT—I)L £y FRO VM OEIOEWNFLEHE., 1 DO
BIIN—TRHIZEHODaVEa—TFT4209 )Y—REBREL
TEET7T)r— a3 U EERTEET,
BRAZN—FOx7OREBEFERALE-EHOT7 7)) r—3 3 !
VEBROEWELER., X 1 O0EEEEREY |
IW—TATO, ARy FROM D) —XFFERL=/\Y ‘5
DIVKRERT—IL Y FROD V) —XAVAREVARE A
N7O0rk T2 RFNDET,

TYRR A
AIRAEH —N

T7AIH—N CycleCloud #—/\

T7ANY—/INEHPCY SARE— AIfRIEY—NGEFET7AINOZERELT H-ODYEMIGEC ICRESNIDBENHY T,
Fl—DEHBERETIL—TRIZHREL. @8EARY FT—V E—HICERETDEICEYLATUVEBRT A ENTEFT,



AbL—Y

Wi

- ®

WL

: .
:

A

E\

. W W W

Wi



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




FAICZHK C TREZAR FL—D &R

START

Which do | use?

Azure Local Storage Scratch

Ephemeral

Low latency, dataset is Disks
small/portable and can be

ared or LocaI/Stagea ble recopied across VM farm if

Local/Stagea desired
ble?/ Persistent Latency

Cost-Sensitive

Azure

o Premium or or Cost-
'ssne SSD m l;!letApp Shared Scratch? Persistent sensitive?
les
ey Azure HP Latency-sensitive
= UltraSSD 3= ure HPC
® —== Cache
Blob - LUStre/Bee Object Azure Blob Storage Blob (ngh Throughput/Premium)
GFS Y Unstructured Data at Exabyte Scale. Latency is not a factor, not File-dependent,
. Large Files, app can be re-written
ADLS Cray Object/HDFS
[V
- Gen2 o Clusterstor or File? ADLS Gen2

Large-scale analytics, Hadoop
Roll-your-own NFS compatible, ABFS driver acceptable
Server

JL;

MB/sec —> Low Single-digit GB/sec throughput File/NAS: Small/Medium Scale HPC Environment e, e o3

NAS exists (NFS) in current environment, simplicity trumps performance requirement small # of clients ubuntu

NFS or
Parallel FS?

Write-many (unique); write once, read once; home dirs; Read-heavy portion of dataset; Read-heavy (75%+); write
enterprise apps write some, read many once, read many; hide latency

I1+§

Write-heavy Balanced Read-heavy

Single-digit GB/sec —> Double-digit GB/sec throughput

File/NAS: High Scale HPC Environment

Double-digit GB/sec throughput ‘ - ‘
Current environment is using Parallel Filesystem, heavy | >
; i Orchestrated

Pa ra | Iel FS concurrent file access required
—>

Managed or
Orchestrated?

Baremetal HPC

Increased performance, complexity,
parallel |0 requirements

Managed
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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

A—H TN —=A 2k @ C o CYCLE |0 cummesd comems  oatas  sedv dvited s kescets
c BEOI—IO—FERTCa1—5FI5Y
b AT RE

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

ITIR—T A2 b é@

* REE L UHEBI SV FDT—Y T 0—% &
* FBEL - FRA[ITActive Directory® F AT #E
c RET—EMDOHLIT7 I 2R ZERHE

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




Azure CycleCloud 27 1) #
BEMEHPCT T r—S 3 VBB E Azurel ST ABOE v v TEESH B

FAUTLVIRREES S TTHEOODTTL— CycleCloudlx, 7Y+ X, 8. O X FEE, O
F%&FE->T, CycleCloudlE7 T Hr—L a Vv EETHZ DITSGAT UOREBERED=-HDRY) o—R—X
DIURTLEIRHBT S ET, HNFURDMERE
FRRRLET,

H_ERKO—FTELIR—DNREZTRHBHELET,

ﬂ Data Scientist
N

LOB Manager

%
2

IT/Admin

A
-
?‘
Cloned cluster On premises cluster



= t &) %\ Microsoft Azure
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Microsoft Azure® 9 5 ) FHPCE X Z 5 E B T
viRE<TL Y
viRE<TIUTYyTT—F

vy D=7
v REBRY =2

VA RL— Microsoft Azure T
R —t o 259 RTHARYOHPCIRE %!

BARYA908Y 7 FXHEZXKRE
BEWEDERILH HPCERBIWLWEHERED
MSKK HPCinquiry4Edu@microsoft.com
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