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Descartes Labs

Amazon EC2 C54 > R A2 Rz ERUIET S XS THI2PFLOPSMDLINPACK48EZ 1ZE Rk

- Top500(2019/06) T136fi(CcS5> D1 >
- 41,472377(Xeon Skylake 3.0GHz)#FH
- 2.6h#fE). X b3EHFY$5,000CTER

“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 ChH Instance cluster us-east-1a - Amazon EC2
Instance Cluster C5, Xeon Platinum 8124M 18C 3GHz, 25G
Ethernet

Site:

System URL:
Manufacturer:
Cores:
Memory:
Processor:
Interconnect:

Performance

Linpack Performance (Rmax]

Theoretical Peak [Rpeak)
Nmax

Power Consumption
Power:

Software

Operating System:
Compiler:

Math Library:

MPI:

https://medium.com/descarteslabs-team/thunder-from-the-cloud-40-000-cores-running-in-concert-on-aws-bf1610679978
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re:Invent TNz HPC MDHYD $HH

The COVID-19 High Performance Computing Consortium (CE&HlL. 5T&U
V) — X7z iR
moderna & COVID-19 DU F 2 HFEDIZEH(C AWS ZEA

How has HPC impacted the worldwide response Moderna uses AWS to accelerate its COVID-19
to COVID-19? vaccine development
The COVID-19 High Performance AWS provides no-cost access to HPC
Computing Consortium capacity to select research projects

« Over $1.5M in AWS credits across d ™ “AWS's breadth and depth of services are supporting our

17 projects since March 2020 I I I O e r n O mission to create a new generation of medicines for
: i D - ———— —— patients and are instrumental in our quest to develop a
X\, ® Offe”ng free technical support messenger therapeutics vaccine for COVID-19 and other life-threatening diseases.”

Stéphane Bancel
Moderna CEO
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AWS Summit Online Japan 2020
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EFA (Elastic Fabric Adapter)

MPI/NCCLERED=>RY N —277/5 T/ Elastic Fabric Adapter ([C&D
KL17>>Th. /) — RiahB{E=EIR

o FMABICEFMISEUEMPERIEE (Intel MPI/OpenMPI) D\WEEA, OS5 ADOEE (FREIAE
« EFAMIGA > XS >R : c5n.18xlarge, cogn.16xlarge, p4d.24xlarge , p3dn.24xlarge etc.

Without EFA With EFA

Userspace

____________________ -—

TCP/IP Stack

ENA Network Driver EFA Kernel Driver

ENA Device EFA Device

L. Shalev, H. Ayoub, N. Bshara and E. Sabbag, "Supercomputing on Nitro in AWS
Cloud," in IEEE Micro, doi: 10.1109/MM.2020.3016891.
https://ieeexplore.ieee.org/document/9167399 aws
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EFAT{ERETNTUVBSRD (Scalable Reliable Datagram)

Link Failure Handling - Throughput
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$% : Elastic Kubernetes Service (EKS) & EFA
EFA (& EKS (C & Kubernetes IRiE_F CEFIFATIEE

Max Throughput -
Number | Number Sequence mixed precision
Batch Size / GPU| Accumulation q P
of Nodes| of GPUS Steps length (Sequences/sec) -
EFA

BERT Scaling Efficiency - EFA on EKS w/ p3dn.24xlarge
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’ 200 300 400 500 BERT (128 sequence length). Dataset is the
Number of GPUS Wikipedia/Books Corpus prepared from NVIDIA

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
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¥

| F7A NS AT LhEfrik |

9T Lustre T 7 1)L AT LN
YERYSE T

7 A2 AT INEFRY

TPANS AT LN

Fw hD—FEtFaUTs
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AML—2547

—BEPBIEE 0D SCRATCH 2. skftnEis & U CTHIFARIAER
PERSISTENT (SSD or HDD) &L\ fe&4kix/\U T —= 3 > h5:EIR 0] g8

SCRATCH_2 PERSISTENT (SSD) PERSISTENT (HDD)
FSan FSan FS)an
single redundant redundant
copy of data copies of data read-only  copies of data
cache
adws
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INT A= R4S
JOES3> (EATZEORE) LSRG T/ (T4 - INEL

SCRATCH 2 D&, 1TiB&»cD. 200 MB/s D)\ T A —Y > A %=1
250 -

200 A D

150 +

100

50 +
0 A : . . . . . . . : !

0 200 400 600 800 1000

1
(a}

Storage capacity Baseline throughput Burst throughput 10PS Latencies
10 TiB 2 GB/s 13 GB/s Tens of thousands Submillisecond
100 TiB 20 GB/s 130 GB/s Hundreds of thousands Submillisecond

500 TiB 100 GB/s 650 GB/s >1 million Submillisecond

O Nn W >

1,000 TiB 200 GB/s 1,300 GB/s Millions Submillisecond

adWs
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&3 Amazon S3

AWS DI DIATST IO M ML—H—EX
- BEMFIR

(IATZ T2 MNEIBASTBET) oo
+ T—H%EIDULDAZ (T —IEFE) (TREL it
99.999999999% &\ \S U\ -
- EOX b

Standard: 0.023 USD/GB*
~ S3 Glacier Deep Archive: 0.00099 USD/GB *
o R—=SJ)VTHREUTEE
S —ABE(CHRENMKIFE L0
(-5, B—/(E8. BAKRERAID, RAIDI> rO—S5Z2EX D
FEHTR0N)

%2021 538IREDUs-east- 1 TOAfiFg
A& (FRA RL—0 S5 RUC K> TRRD
https://aws.amazon.com/jp/s3/pricing/
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KIURIRT — &R S RDEE

F—ARERFL S3 (THEHLUTCOXR bEIIZ DD
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FSx for Lustre D S3 1E{EEEE % JE FE

aws

S



S3 EDS— AL RIRRE

Amazon S3MDT—4A t v k& Amazon FSx for Lustre 7 7 € LS R T L ZBEST T
ERR(ZMIEEE TS BFIZDH FSx for LustreZ{E A9 %

0. MBI THOHWVWEIZIT—2%S3ICA YD
1.S3ICRELET—2ZNIBTR-HIC 2. 8FEBEAML—CZHBUVTAIE _—
Lustre 7 71 LS R 7 Lalo oA YR — b .
>
FS¥en ——

( | S
3. MBERERET SO T~
S3ICT U RR— bk Amazon FSx

for Lustre

REZREDDO. WEAKRTLEL I 7MLV ARTLZHIBRT A ET
FSx for Lustre DR (X {FLLT 5
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Amazon S3 A\DZEEN IR

s3://bucket/file1.txt
s3://bucket/file2.txt
s3://bucket/folder1/file3.txt
s3://bucket/folder2/file4.txt

T7A4ILY R T LYERERIZS3 bucket#BEE S 1+, D7 A4ILDA TV IADER SIS
BI7AINHET I CARH 2R TT—EMSIWL T7AILV AT LICBE TS, >
r"—brEhd (AVR—FDEODEFOLA TUINHELE)

>

/file1.txt
/[file2.txt
/folder1/file3#xt
/folder2/file4.txt

1

FSXn

Amazon FSx
for Lustre

“EEOT IV EANGIEERG LAR Y AHETHE
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S3 ADFEEN 7 I ADEER (import)

1fs hsm_state AY Y RICED 771 ILDIREZ SRR
(HSM: Hierarchical Storage Management)

$ 1s

README . txt

$ 1fs hsm_state README.txt

README. txt: (0x0000000d) released exists archived, archive_id:1
$ cat README.txt

Hello from FSx

$ 1fs hsm_state README.txt

README. txt: (0x00000009) exists archived, archive_id:1

CDEITIET 7AINICT 7RI B E T Lustre ICT 7T ILERED RTINS
(released 75U HEZ B)

https://docs.aws.amazon.com/fsx/latest/LustreGuide/fsx-data-repositories.html

aws
~—


https://docs.aws.amazon.com/fsx/latest/LustreGuide/fsx-data-repositories.html

S3 A\DFEE 7 I ADHEES (export)

BEIRIC S3 AD export Z1TO&E (FEMRHEA) (CHIZ.
BHRBYIC export 2175 C B AIEE

$ echo Hello from EC2 >> README.txt

$ 1fs hsm_state README.txt

README . txt: (0x0000000b) exists dirty archived, archive_id:1
$ 1fs hsm_archive README.txt

$ 1fs hsm_state README.txt

README. txt: (0x00000009) exists archived, archive_id:1

SIS N TV T 71 ILICBR%ETTS S & Tdity 755D D
1fs hsm_archive ZE{T795 ¥ T, 7 71ILIES3IC export TN, dirty 7577 I3HZX S

https://docs.aws.amazon.com/fsx/latest/LustreGuide/fsx-data-repositories.html

aws
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https://docs.aws.amazon.com/fsx/latest/LustreGuide/fsx-data-repositories.html

T DMOEFIIR RS

« A>SA > TOBREIE

e 19BN OETE=ZSU>T (RIL—Twv b - IOPS)

« XFwT2 3w MERK (PERSISTENT 5-1)

« 1—H - J)IL—TZED Quota i8E (1fs setquota)

¢ CSI RS0 )\DiH(C LD Kubernetes IRIEHNSOHIHE (FERL - H
BR<5) HielEe

aws
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FSx for Lustre + S3 [CKDFYH A I\F—>

S3%ZH & UDD. FSx for LustreDFEEILA ML —HEEZERAT LT
AR PRI KFIEDT —HZRE - BT EIEELT1RD

T—4%S3T N

\C)_)) ’ ShEE ATERED (X W it T :

— s FSx for Lustref2H T 8 .
S0 F—&LHKS Y TR

- — " 5
@ .................. > SR CETTTTTTTTTre FS)(K'/\ h i
\\ K :

T TF—42 1% Amazon FSx
F—hAD for Lustre
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Toyota Research Institute: Autopomous Vehicles FS3

CLOWDFORMATIOA

P »l O 504/958

' aws
© 2021, Amazon Web Services, Inc. or its Affiliates. All rights reserved. YO u Tu b e L N k



https://www.youtube.com/watch?v=XGVWdSnml6A
https://www.youtube.com/watch?v=XGVWdSnml6A

RZEICIKRUIER ML —248RINT—>

StE ) — RTOT—5FDFRE/\ 5 —>F(C K> TER
« FSx for Lustre: ERMNDRAT —STIVIZHBT « AT EIRNISGE (SEIR
« FSx for Lustre + S3: k&= —45ttyv hOSBEO—EZFERL. B—D5F—4
MMEED ) — RTERASNBIIHGEIER
-+ S3 to Iocal disk: KEE57—F1v hOSEDO—8=FERAL. 5TE8E_/— REIT
HE T DIUENRNGE(TEIR

FSx for Lustre FSx for Lustre + S3 S3 to local disk
Compute Nodes SEmphE T Compute Nodes

......................... - 3 ‘(- Copy

lllll s Import FEEEE @
i 3 E : Export &3 | | L
), FS)(E'\ E E ) FS)‘:@\ @ E E ............. o

""" Endpoint PR Endpoint ] S = $3 Bucket

ESx for Lust FSxfor Lustre $3 Bucket

aws
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RZEICIRUIZR ML —2A8RIN T —2>

T8 — R TOFT—HDHA/ S —2F LK TER

FSx for Lustre

Compute Nodes

; ........................... > 0— FS;

Endpoint

FSx for Lustre

FSx for Lustre + S3

Compute Nodes
..... Import
C ‘ Export
E ........................... ) o— FS)@\ E ;

© 2021, Amazon Web Services, Inc. or its Affiliates. All rights reserved.

Endpoint

FSx for Lustre

s

S3 Bucket

S3 to local disk

Compute Nodes

{:‘...‘ copy @

&

S3 Bucket
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P39 K HPC ZiaAY JIRDEBEEIR

OS5I ROFD [WMEREFC] [MERUY—-X] Z7 IREBEREZIT] HBEF
TEB3EVWSHEME HPC (TERA LV

D—200— RICEDE THRAIIERZRETCTE. BHEMNELS A, D—

20— RN\DIEREEE

(ZBZ7B5T—200— RANRED TUORWEHIETNTERLY)
« TR -HPC MEDEHRTERNNE
« TDIT—/0O—RIEESWVWST—T0— - SAEIFHELRDD
EDLSRISIORA>TS - Y—EADELTL\BDH

WECE, .
o Bm CIIR<, I/WENROARX S - NTA VA THEHHIDCEEER
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Lo

95D RKHPC DERS
e OSORDEFD WMEBEREEIC] [MERUY—X] & [WEBREREIT] #ERET
=BEVSHEFMZE HPC (&R

- BRROBHENSVZH., 5T R - HPCEADER CTEBENNE

« EOI—U0O—RIFESVWST—FT0O— - StEFER DD
EDLIBRISTIRA>TS - H—EXADBELTLVBDH

HPC on AWS DFI= - 456 - BEY—EX

« ZFRIQ EC2 DFEFEY® EFA (CKBER « RL 15> S 7aMPIEE

» FSxfor Lustre [CLKBDERRDEIA ML —= + S3 EDEELIEEE IC KD AET=
—Atw FOED IR/ A]EE

75 RZEFRHUIE HPC O ICDWT—HEICEZ TULTNIEEWTT |
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AWS Educate

HERBIM T (CAWSDFEBEIRIE 7 B TRt
- AWS FIHIRIE
- HERARINEBBEHDIZS  FE $200/F. F4 $100/4F
- IENIEBRDIGE : FE $75/F. FH $30/%F
o ARIREDPTI@ITOEMIL Y bZEHEND TR MEJgEE
. 0;':/;/;“) N — REEFEMNAE T, AWSIMEFTEDRAI—HF—=77HT> K~
Hig
« —EY—EXDFAICHIPES D

+ 20l EDBEBRAAS S >0 GHRMH _—
« 1008 AL LA INEE (20206F10H1R7E) “Iﬁl"
Webd&k D UiAd» AT EE ———
23k, HWRRIMRET R EE0 e=
http://www.awseducate.com aws
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BY—EX[CDOVWTEDEFELLHIDTZWAS(X

Black Belt A>S1>t7=7—
HPC on AWS

e https://aws.amazon.com/jp/blogs/news/webinar-bb-hpconaws-2020/
AWS ParallelCluster TlEUH39 5 RHPC
e https://aws.amazon.com/jp/blogs/news/webinar-bb-aws-parallelcluster-cloudhpc-2020/

AWS Batch

 https://aws.amazon.com/jp/blogs/news/webinar-bb-aws-batch-2019/

Amazon FSx for Lustre
« https://aws.amazon.com/jp/blogs/news/webinar-fsx-title-2019/

Amazon EC2
 https://aws.amazon.com/jp/blogs/news/webinar-bb-amazon-ec2-2019/

Amazon EC2 Deep Dive: AWS Graviton2 Arm CPUEBEA ARSI R

 https://aws.amazon.com/jp/blogs/news/webinar-bb-aws-graviton2-2020/

aws
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EmaJ—2o0— FTOEFATERH

= bl AL 2
» Solvers - OpenFOAM, Fluent, Star-CCM+, LS-DYNA, OVERFLOW, FUN3D

FESKSKFH
« Weather Models - WRF, FV3, MPAAS

DRI E
ML Models - BERT, Seq-2-seq

aws
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Scaling on AWS - OpenFOAM

OpenFOAM v1912 - MotorBike (222M cells) - IntelMPI 2019.6 - AL2 - PC2.6.1

120

Iterations per minute

—
N D ()] (00} o
©O O O O o

o

/

/

0

576

1152

1728 2304 2880 3456 4032 4608
Cores

Ideal
-e-AWS c5n.18xlarge
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Scaling on AWS - STAR-CCM+

Simcenter STAR-CCM+ 2020.1 - F1 (403M cells) - IntelMPI 2019.6 - AL2 - PC2.6.1
72
5 62 -
= 59 //
o 42
»n 32 /
2 29 /

-e—-AWS c5n.18xlarge
12 7/'/
2 il

720 1440 2160 2880 3600 4320 5040 5760 6480 7200
Cores

e

in

r

P

o-|deal

on
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Scaling on AWS - Fluent

ANSYS Fluent 19.5 - F1 (140M cells) - IntelMPI 2019.5 - AL2 - PC2.5.1

162
142

RN
N
N

RN
o
N

Cray XC50
-o- AWS c5n.18xlarge

(©))
N

D
N

Iterations per minute
(0]
N

N
\)

= /
720 1440 2160 2880 3600 4320 5040 5760 6480 7200 e =

Cores
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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

P3dn with EFA provides up to 100 Gbps Model

» Different communication patterns

P3dn 0 P3dn 1 ::: P3dn 31 * Needs high bisection bandwidth

New emerging workloads: graph learning

Cloud fabric

ENA - Elastic Network Adapter

EFA - Elastic Fabric Adapter
aws

© 2021, Amazon Web Services, Inc. or its Affiliates. All rights reserved. )



$% : Elastic Kubernetes Service (EKS) & EFA

Throughput -
Sequence mixed precision
Batch Size / GPU| Accumulation q P
length (Sequences/sec) -
EFA

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

of Nodes| of GPUS

o
4 .
Ly
S
o
=
o
=]
=0
o
A

40000
3
3

10000

" 200 300 400 BERT (128 sequence length). Dataset is the
Wikipedia/Books Corpus prepared from NVIDIA
oo Deep Learning examples

Number of GPUS

Throughput - miced precision {5 aguen o f£ec]

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

C6g [Cd&dD OpenFOAM Benchmarks

« 222M cell Motorbike EF )L FHU\N T
. ETEMEEE L TIE. EFATEHE LIZCnREELY
e =L —>3>HEDDIXRNTIE. C6g MEmBEZIM

OpenFOAM v1912 - MotorBike (222M cells) OpenFOAM v1912 - MotorBike (222M cells)

=o=|deal

-s-C5n.18xlarge
=e=C5n.18xlarge

_.—-—-—'—'—__-._______-—. -s-(6g.16xlarge

-+-(5.24xlarge

R

528 728 928 1128 1328 1528 1728
Cores

---C6g.16xlarge
=8-(5.24xlarge

Cost per simulation ($)

328 528 728 928 1128 1328 1528 1728
Cores

https://aws.amazon.com/blogs/compute/c6g-openfoam-better-price-performance/
https://qgitlab.com/arm-hpc/packages/-/wikis/packages/openfoam

adWs
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https://aws.amazon.com/blogs/compute/c6g-openfoam-better-price-performance/
https://gitlab.com/arm-hpc/packages/-/wikis/packages/openfoam

Arm 2338 Blog T®D HPC FIAHI

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

o https://community.arm.com/developer/tools-software/hpc/b/hpc-
blog/posts/evaluation-of-the-nemo-ocean-model-on-aws-graviton2

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

o https://[community.arm.com/developer/tools-software/hpc/b/hpc-
blog/posts/low-mach-number-cfd-modeling-with-nalu-on-graviton?2-
aws-m6q

« Seismic Modeling with Arm Neoverse N1 and AWS Graviton2

o https://[community.arm.com/developer/tools-software/hpc/b/hpc-
blog/posts/seismic-modeling-with-arm-neoverse-nl-and-aws-
graviton?2

aws
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HPC on AWS
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