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[aws]
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Descartes Labs
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“One of the more interesting aspects of
the story is that we didn’t ask Amazon
to give our engineers any special
dispensation, discount, or custom
planning or setup. We wanted to see if
we could do this on our own, which if
completed successfully, would also be a
testament to the self-service model of
AWS.”

Amazon EC2 C5 Instance cluster us-east-1a - Amazon EC2
Instance Cluster Ch, Xeon Platinum 8124M 18C 3GHz, 25G
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Interconnect:
Performance

Linpack Performance (Rmax)
Theoretical Peak (Rpeak)
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Power Consumption
Power:

Software

Operating System:
Compiler:

Math Library:

MPI:

Amazon Web Services
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157,824 GB

Xeon Platinum 8124M 18C 3GHz
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1,926.4 TFlop/s
3,981.31 TFlop/s

2,985,984

Amazon Linux 2
gcc 7.3.1

Intel MKL

OpenMPI4.1.0

https://medium.com/descarteslabs-team/thunder-from-the-cloud-40-000-cores-running-in-concert-on-aws-bf1610679978
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*CAE: Computer Aided Engineering
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» Solvers - OpenFOAM, Fluent, Star-CCM+, LS-DYNA, OVERFLOW, FUN3D

FIESSRTH
« Weather Models - WRF, FV3, MPAAS

DRSS
ML Models - BERT, Seg-2-seq
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Scaling on AWS - OpenFOAM

OpenFOAM v1912 - MotorBike (222M cells) - IntelMPI 2019.6 - AL2 - PC2.6.1
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Scaling on AWS - STAR-CCM+

Simcenter STAR-CCM+ 2020.1 - F1 (403M cells) - IntelMPI 2019.6 - AL2 - PC2.6.1
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Scaling on AWS - Fluent

ANSYS Fluent 19.5 - F1 (140M cells) - IntelMPI 2019.5 - AL2 - PC2.5.1
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Facebook Al Research (FAIR) & EFA

32 * P3dn nodes, NVLINK, all-reduce via ML Training is sensitive to interconnect
NCCL » All-reduce is most common collective

256 V100 GPUs m » Large messages O(1-10MB) are common

BERT (NLP 1.0 1.5
’ P3dn with EFA provides up to 100 Gbps Model
TDS-Seq2Seq (ASR) 1.3x parallelism

 Different communication patterns
P3dn 0 P3dn 1 oo P3dn 31 » Needs high bisection bandwidth

New emerging workloads: graph learning

Cloud fabric

ENA - Elastic Network Adapter

EFA - Elastic Fabric Adapter
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£% : Elastic Kubernetes Service (EKS) & EFA

BERT Scaling Efficiency - EFA on EKS w/ p3dn.24xlarge

Throughput -

Number | Number ) ) Sequence mixed precision
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10000

ol 600 BERT (128 sequence length). Dataset is the

200 200 400

Number of GPUS Wikipedia/Books Corpus prepared from NVIDIA
TS SR Deep Learning examples

At 16 nodes of p3dn.24xl (128 V100 GPUs), we achieve ~96% scaling

efficiency
For more, visit https://qithub.com/aws-samples/eks-efa-examples

aWws
p —


https://github.com/aws-samples/eks-efa-examples

C6g [Cd&D OpenFOAM Benchmarks

« 222M cell Motorbike EF)L% FHU\ T i
. STEMEEL L TIE. EFAZEH LIZCHnHIREELY
e =L —>3>HEDDIRKNTIE. C6g MEmBZ

OpenFOAM v1912 - MotorBike (222M cells) OpenFOAM v1912 - MotorBike (222M cells)
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Cost per simulation ($)
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https://aws.amazon.com/blogs/compute/c6g-openfoam-better-price-performance/
https://qgitlab.com/arm-hpc/packaqges/-/wikis/packages/openfoam
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Arm 2230 Blog T®D HPC FIAHI

© 2020, Amazon Web Services, Inc. or its Affiliates. All rights reserved.

Evaluation of the NEMO Ocean Model on Arm Neoverse-based AWS
Graviton2

» https://community.arm.com/developer/tools-software/hpc/b/hpc-
blog/posts/evaluation-of-the-nemo-ocean-model-on-aws-graviton?2

Demonstration of low mach-number CFD modeling with Nalu on AWS
Graviton2 M6g instances

» https://community.arm.com/developer/tools-software/hpc/b/hpc-
blog/posts/low-mach-number-cfd-modeling-with-nalu-on-graviton2-
aws-mo6g

Seismic Modeling with Arm Neoverse N1 and AWS Graviton2

» https://community.arm.com/developer/tools-software/hpc/b/hpc-
blog/posts/seismic-modeling-with-arm-neoverse-n1-and-aws-
graviton?2
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NFS on Master: ParallelClusterd> J A )L b&RL. TRUNTR T ULVHY, Masterd
ARG ATA X2, EBS DHEEICER
S3 to local disk: = 3 JRIRIF(CSIENSO—HILT 1 R D(CT—F&2IE—
T — A Y] c‘:aﬂéd)é’#d) BI&ER
FSx for Lustre: 53RN DRI —ST)LIAHET « AT EIRNIGE (JEIR

NFS on Master

(default) S3 to local disk FSx for Lustre
Master Compute Nodes Compute Nodes c mplult. II?I d
'''' NFS mount h S - 5 — o E :
: - - 4  F e t(- Copy S S— £
IIIIIIIIIIIIII @ i Import
| llllllllll E rt
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MPI (CKBDBENSEZEICHELE T DT —2I0— RT(E. Cluster Placement Group
12, Elastic Fabric Adapter OF!| A& &5t

 Cluster Placement Group: AZ A®D., TEZAIFYIEN(SIEWN\—RD T 77 E
CTAAIRZERENIT DKLDICIETE
1 RS AhEEMEL 17> 21k
- Elastic Fabric Adapter: MPI/NCCL (CH{E UTEBERHOEL 1T > 2%y N J—
IV TH
« EFA & MPI: OpenMPI1 4.0.2 . Intel MPI1 2019 Update 6 A 3J/ii:

- EFAFIATIEE > RSP > RS c5n.18xlarge, c5n.metal, i3en.24xlarge,

i3en.metal, inf1.24xlarge, m5dn.24xlarge, mb5n.24xlarge, r5dn.24xlarge,
ron.24xlarge, p3dn.24xlarge, p4d.24xlarge etc..
X THTE /) — REBEZREITRVZHIC, c5.24xlarge (96 vVCPU) R EFIRA 2RI AP X%
BT D EBIRET
https://docs.aws.amazon.com/ja_jp/AWSEC2/latest/UserGuide/placement-groups.html
https://docs.aws.amazon.com/ja_jp/AWSEC2/latest/UserGuide/efa.html
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AWS ParallelCluster AWS Batch
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AWS ParallelCluster
« ParallelCluster (35T # )L FCldE—1—Y —DOHF)HOIEE/RESTE

- EBHEI—YmiTOLEREE S U THRAULZWMEEICE, UTFTORFI A MY

;Q% (L_ ch 5
> TIVIRRRIVF I —HHERL

https /[github.com/aws/aws-parallelcluster/wiki/MultiUser-Support

Active Directory (AWS Directory Service) & MDiEiE
https://aws.amazon.com/jp/blogs/opensource/aws-parallelcluster-aws-directory-services-authentication/
OpenLDAP & DiE
https://aws.amazon.com/jp/blogs/opensource/managing-aws-parallelcluster-ssh-users-with-openldap/

s A—YHCEHMYUOTRIZIBET DI\ I—-2EHD

AWS Batch

o DT EERERAPITUE UHER(FIAMTOEIR £ /3D

1AM Policy®Condition C 1> N TDFIABRIGEPOSIX 1 —H DHIPEH BI 5.
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Blog: Using cost allocation tags with AWS ParallelCluster

AWS ParallelClusterC., =3 JIDW"JO> T 2 &I(C
1R bZzo]fRIL 9 DIcHDESEER
« gJC&I(CHTEIEN
« Cost Explorer ¥> AWS Budgets &8# L C. FPEEEN TG (—ESXEZIRBX
TWeb 23T Zz2 TR VE)
Cost Explorer AWS Budgets

Costs ($)
1.0

Jun-26* Jun-27* Jun-28* Jun-29* Jun-30*  Jul-01* Jul-02*

e

https://aws.amazon.com/jp/blogs/compute/using-cost-allocation-tags-with-aws-parallelcluster/

aWs

S


https://aws.amazon.com/jp/blogs/compute/using-cost-allocation-tags-with-aws-parallelcluster/

Blog: Monitoring dashboard for AWS ParallelCluster

Grafana/Prometheus(C X D& E /&xParallelCluster /85 v = 1 7/h— RVERL

ParallelCluster 2.10 BAf#C B | e —
post_install AV UZT hEIREY - = - = ogmis

31213 THIARAE 7 = ¢ s-EC . CEEEEE
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IR—R(CT7OEX = et = e
CPUBFIR, XEUMMRECM () L R
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T — ROBHERETEE :
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https://aws.amazon.com/jp/blogs/compute/monitoring-dashboard-for-aws-parallelcluster/
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Amazon EC2 M5zn f 2> XA >R

Cascade Lakett{X®DIntel Xeon Scalable Processorzigs L. £177ERF(C

Turbo boost(C KD 4.5GHz TENMET D Mbzn =zO0—>F

- [BERRICECPUZOYIICHIGLTWEZE ZId A > RAIAEHEER LT, KDELVICPU
20V, ERRRY NDJ—O5E (TS

« mb5zn.12xlarge/m5zn.metalld Elastic Fabric Adapter (CEMIGUL. KL 157> TD
MPILE{EH BT AE

z1d.12xlarge m5zn.12xlarge
vCPUZ 48 48
=AO0OY VBB 4.0 GHz
RAM 384 GiB 192 GiB
RV NO—DFEE 25 Gbps
EFA Xt /AN,

i = $ 4.464 USD/h $3.9641 USD/h
% N.Virginia U—=3 > (CH1752020F128 DA > TV RMitg

AWS US East (N. Virginia) . US East (Ohio) . US West (N.California) . US West (Oregon) . EU (Ireland) . EU
(Frankfurt) . dKUAsia Pacific(BER) THIABIEE
https://aws.amazon.com/jp/about-aws/whats-new/2020/12/introducing-amazon-ec2-m5zn-instances/ aws
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Amazon EC2 AWS Graviton2 2 0tvHiEH1A > AXAI>X

Arm R— XD AWS Graviton2 7O wHZ=EEH L.
BEEDIIRITHAXEER— XD > RAF > A KD EEmAAI0%ENZMIEIEEZ IR 3

M6g Cég R6g
R aVEa—ToUYRELE  ATEYSHEL
4GB DRAM/vCPU 2GB DRAM/vCPU 8GB DRAM/vCPU

O—AJLNVMe SSD X hL—2HBH UEA > XY R
L (M6gd), O>Ea1—F« >J&miE{t (C6gd), XEYUHREIL(R6gd)
BTCDA DRI RAIA T ICHENTRT AL ILODEIRIE & iRt

IN—XABFALTTHD Ta4g BiRHEH (2021538 FTERMEGIRMT)
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Amazon EC2 Cégn f > XAH > A (Coming soon)
AWS Graviton2 5&-1 > X5 > A(CDWT. LD EERTy D=0z E#HUE

céan 1 YA REFHR

. C6g EHEEUT. MEERR 100 GbpsD=xRyY D —T&F1Ek, 48D/ oy NMLIEERE. 2
=IR7E 38 GbpsMEBSH gz 12/

. C6gn.16xlarge (& Elastic Fabric Adapter (CEBMIGUL. KL+ > > TOMPLE{ENEIEE

c6g.16xlarge cégn.16xlarge
vCPUZ 64 64
RAM 128 GiB 128 GiB
EBS %k 19 Gbps
Ry NO—U SR 25 Gbps
EFA Xiht: AN

https://aws.amazon.com/jp/blogs/aws/coming-soon-ec2-c6gn-instances-100-gbps-networking-with-aws-graviton2-processors/
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Amazon EC2 P4d 1 >R R

NVIDIA A100 Tensor Core GPU =58 L/ P4d 1 > A AHO—2F

«  GPURI(Z 600 Gbps @ NVSwitch/NVLink Ti&#: (TX)

« A2REFRABHIED 400 Gbps DERRRY ND—DA4 > 5 —T 1 —R7%Z=izH

« EFA XU GPUDirect RDMA over EFA (CXHIiG L. YILFJ — RTOBEEMEEN [ L
- IRTE(Z p4d.24xlarge (A100 x 8#UEEL) D 151 XD H DI

CPUO PUO
. [HE T
[ 1
T 1 T 1
= =
N N

+— 600 GB/s

US East (N. Virginia) . US West (Oregon) THIAA]#E
https://aws.amazon.com/jp/blogs/compute/amazon-ec2-p4d-instances-deep-dive/
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EC2 Ultra Clusters of P4d Instances
DSIRLETCR—)\—O>E1—505ADKEE=ZEIR

/r \/19 \/157:: D4OO GbpS@ FS\( EC2 UltraClusters ey )
%Erd: ?\ \\J I\ Ij —_— 0 B N ; lf?\i 4,000+ NVIDIA A100 GPUs %@PE 2] :Ta ;}t:fTEEFI:)slic Fabric
GPUDirect RDMA over EFAIC &K
DKL 1T > 285 A
= | |

4000= 8% 2A100 Tensor Core
GPUZ &kt
FSx for Lustre (C K DERIQTIEN

A L —= ES3NDKiEL

WMBIRES(CEBLT, ERHUE
PDDHDHZIAL




Amazon EC2 G4ad-f > AXAF > A (Coming soon)

AMD® Radeon Pro V520 GPU &EPYC Roma JOtwvHY=EH UIE1>X

A EFER

« —LAXANIJ—=2T, UBE—NIS T4V IRIT—DOXFT—>3>, L
SAUTRE, S5 T4 Vv IOREZHAITDT—I0— RICRE

« 504V IRHAGPUREE > XTI > RAXEUTIE G4dn (NVIDIA T4$E
) BO—>FBHCHD. ZHRILGPUDEIR:Z IR

« CUDA. CudNN. NVENCEZE®MNVIDIADS A IS UZEFERURVWEE(E
Gdad [CED., KDEVWIRNTA - ANESNBDEIEEMH

https://aws.amazon.com/jp/blogs/aws/new-amazon-ec2-g4ad-instances-featuring-amd-gpus-for-graphics-workloads/
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TDIthd Amazon EC2 A 2 A ABEPY I F— b

D3/D3en 1 2RI A O—F
e TSI RTEREEEDOO—HILHDDA ML—= (&KX 336 TB) Zigft

s DEUTSRAEI—AELESNIET7AILE AT LA EVIFT—HFETH. XB=
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FSx for Lustre: A NL—45A4D58M. AFwvIS 3w b

CNZETD SCRATCH_1 ([CHIRT. OBV —X MMEEEZEF D= SCRATCH 2 1>
Jk#EnEls & U CHIFABIgE R PERSISTENT (SSD4 . HDD%4 . HDD+SSDF+ v

S AT DIEFECENTNIC/IN T A - > RADOERD/IN\UIT—> g >0 FE) ES
PERSISTENT (CDWTIE, XRFwv TS 3w hORERF - EE(CHEMIG

AL=2AT>3> Persistent (GB /=D A%Ri&E USD) Scratch (GB &7z AZE#& USD)

HDD R—=XDIT7AII>RAF

12 MB/#/TiB R—XS51>. &Kk 375 MB/#/TiB J{—X 0.025USD

12 MB/#/TiB R—XS5-1>. &K 375 MB/#/TiB /\—X b (SSD F+ v 11ER) 0.041USD

40 MB/#/TIB R—XS1>. &KX 1.3 GB/#/TiB /{—X b 0.083USD

40 MB/#/TiB R—RXS5-1>. &K 1.3 GB/#/TiB /{—X b (SSD F+ v 11EHRA) 0.099USD

SSD N—=XDIT 7AW RF I

50 MB/#/TiB X—X51>. &K 1.3 GB/#/TiB J/{—X 0.140USD -

100 MB/#/TiB R—XR S>>, &K 1.3 GB/#/TiB /{—X b 0.190USD -

200 MB/#/TiIB R—ZXS51>. &K 1.3 GB/f/TiB J{—X 0.290USD 0.14USD

X% N.Virginia U—=3 > (C$H17320204F 128 B ffitg

https://aws.amazon.com/jp/blogs/news/amazon-fsx-for-lustre-persistent-storage/

https://aws.amazon.com/about-aws/whats-new/2020/06/amazon-fsx-lustre-provides-highly-durable-file-

system-backups/ aws
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https://aws.amazon.com/about-aws/whats-new/2020/06/amazon-fsx-lustre-provides-highly-durable-file-system-backups/

AWS ParallelCluster: Multiple queues X{its

1S RBCEED>3T+1— (-
T>32) ZEEAEEIC

« On-demand/Spott>CPU/GPUDHANE

23TF1—-CEICARIAIAT
PEBAATS 3> ZIEE DAt

ZI(C
>3 J X521 —5(& Slurm DOt
ParallelCluster 2.9LAf% Tl B]gE

[queue od-queue]

compute resource_settings = c5n-od
compute type = ondemand

[queue spot-queue]

compute resource_settings = c5n-spot

compute_type = spot

[compute_resource c5n-od]
instance_type = c5n.18xlarge
min_count = @

max_count 10

[compute resource c5n-spot]
instance type = c5n.18xlarge
min_count = @

max_count 10

ParallelCluster CDs%EL

https://aws.amazon.com/jp/blogs/opensource/using-multiple-queues-and-instance-types-in-aws-parallelcluster-2-9/
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AWS ParallelCluster: CloudWatch 9'v < 1 7/Rh— REEI{ERK

OSIDEMA NI IR EEDET]
Be728 W S 2 R— ROVEI B THRRR oy

Head Node Instance Metrics

DA>H—ITARICHIDERD
B H H i

CPU Utilization Network Packets In/Out

H Disk Read/Write Bytes

« CPUERZDfl, EBSORIEA KNI
2. SlurmDOT7x EH=ESR

 ParallelCluster 2.10LABFTXiS (5
JA)L NTER))

EBS Metrics

Read/

i Total Read/Write Time

100
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AWS Batch: Fargate/Fargate Spot ¥t

Compute Environment H\5tEEEE & U CFargate/Fargate Spot(CXihits
« 0.25 vVCPUIRED/NESWERITDHYY — RIEEMBIRE(C
- T3TFERE(IFargatelRIRER(C/ERMR T DINEND D

Provisioning model

© On-demand

Fargate

https://aws.amazon.com/jp/blogs/aws/new-fully-serverless-batch-computing-with-aws-batch-support-for-aws-fargate/
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HPC on AWS BiEER

« HPConAWS
https://aws.amazon.com/jp/hpc/

« HPConAWS /\>XA>
http://bit.ly/aws-hpc

« HPC on AWS @ 2019 3053 ChHHBT > RHPCODIRTE
https://www.slideshare.net/DaisukeMiyamoto6/hpc-on-aws-2019

o 57 RIETD Western Digital HDD = =31 L —= 3> — HPC X7 250 5. EC2 R/Rwv
N XX 4 18
https://aws.amazon.com/|p/blogs/news/western-digital-hdd-simulation-at-cloud-scale-2-5-million-
hpc-tasks-40k-ec2-spot-instances/

+ Saving Koalas Using Genomics Research and Cloud Computing
https://aws.amazon.com/jp/blogs/aws/saving-koalas-using-genomics-research-and-cloud-

computing/

aws
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http://bit.ly/aws-hpc
https://www.slideshare.net/DaisukeMiyamoto6/hpc-on-aws-2019
https://aws.amazon.com/jp/blogs/news/western-digital-hdd-simulation-at-cloud-scale-2-5-million-hpc-tasks-40k-ec2-spot-instances/
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AWS ParallelCluster B3 Blog: Architecture

* Deploying an HPC cluster and remote visualization in a single step using AWS ParallelCluster
https://aws.amazon.com/blogs/opensource/deploy-hpc-cluster-remote-visualization-single-step-
parallelcluster/

«  AWS API Gateway for HPC job submission
https://aws.amazon.com/blogs/opensource/aws-api-gateway-hpc-job-submission/

* AWS ParallelCluster with AWS Directory Services Authentication
https://aws.amazon.com/blogs/opensource/aws-parallelcluster-aws-directory-services-
authentication/

+ Enabling job accounting for HPC with AWS ParallelCluster and Amazon RDS
https://aws.amazon.com/blogs/compute/enabling-job-accounting-for-hpc-with-aws-parallelcluster-
and-amazon-rds/

* Building an HPC cluster with AWS ParallelCluster and Amazon FSx for Lustre
https://aws.amazon.com/blogs/storage/building-an-hpc-cluster-with-aws-parallelcluster-and-
amazon-fsx-for-lustre/

aws

S

© 2020, Amazon Web Services, Inc. or its Affiliates. All rights reserved.


https://aws.amazon.com/blogs/opensource/deploy-hpc-cluster-remote-visualization-single-step-parallelcluster/
https://aws.amazon.com/blogs/opensource/aws-api-gateway-hpc-job-submission/
https://aws.amazon.com/blogs/opensource/aws-parallelcluster-aws-directory-services-authentication/
https://aws.amazon.com/blogs/compute/enabling-job-accounting-for-hpc-with-aws-parallelcluster-and-amazon-rds/
https://aws.amazon.com/blogs/storage/building-an-hpc-cluster-with-aws-parallelcluster-and-amazon-fsx-for-lustre/

AWS ParallelCluster E&:# Blog: Software

» Best Practices for Running Ansys Fluent Using AWS ParallelCluster
https://aws.amazon.com/jp/blogs/opensource/best-practices-running-ansys-fluent-aws-
parallelcluster/

* Running Simcenter STAR-CCM+ on AWS with AWS ParallelCluster, Elastic Fabric Adapter and
Amazon FSx for Lustre
https://aws.amazon.com/blogs/compute/running-simcenter-star-ccm-on-aws/

» Scale HPC Workloads with Elastic Fabric Adapter and AWS ParallelCluster
https://aws.amazon.com/blogs/opensource/scale-hpc-workloads-elastic-fabric-adapter-and-aws-
parallelcluster/

* Building an interactive and scalable ML research environment using AWS ParallelCluster
https://aws.amazon.com/blogs/machine-learning/building-an-interactive-and-scalable-ml-research-
environment-using-aws-parallelcluster/

aws
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https://aws.amazon.com/blogs/compute/running-simcenter-star-ccm-on-aws/
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HPC B3&E Black Belt Online Seminar

* Amazon Elastic Compute Cloud (EC2)
https://www.slideshare.net/AmazonWebServicesJapan/20190305-aws-black-belt-online-seminar-
amazon-ec2

* Amazon Elastic Block Store (EBS)
https://www.slideshare.net/AmazonWebServicesJapan/20190320-aws-black-belt-online-seminar-
amazon-ebs

« AWS Batch
https://www.slideshare.net/AmazonWebServicesJapan/20190911-aws-black-belt-online-seminar-
aws-batch

* Amazon FSx for Lustre
https://www.slideshare.net/AmazonWebServicesJapan/20190319-aws-black-belt-online-seminar-
amazon-fsx-for-lustre

«  Amazon EC2 Z/Rw b >R
https://www.slideshare.net/AmazonWebServicesJapan/20190306-aws-black-belt-online-seminar-
amazon-ec2
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