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- ZAEKRTIZ2016F11A22HRROY—EXAABB IMIEICDODWVWTTHBLUTWET . &
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« AWS does not offer binding price quotes. AWS pricing is publicly available and is
subject to change in accordance with the AWS Customer Agreement available at
http://aws.amazon.com/agreement/. Any pricing information included in this
document is provided only as an estimate of usage charges for AWS services based
on certain information that you have provided. Monthly charges will be based on
your actual use of AWS services, and may vary from the estimates provided.
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- HPC=High Performance Computing ME&FR
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I O 5 0 O Rmax Rpeak Power
Rank Site System Cores [TFlopfs) [TFlop/sl (kW]
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Amazon Web Services

E#rl&c3.8xlarge X 165612 A2 R

URL http://aws.amazon.com/ec2/hpc-applications
Segment industry (26,496COI’eS)
City

o HRERSIRES 2013/11—644iL (2016511 F B & TH334151)

SYSTEMS

Rmax Rpeak
System Year Vendor Cores (GFlop/s) (GFlop/s)
Amazon EC2 C3 instance cluster - Amazon EC2Z Cluster, Intel Xeon 2013 Self-made 26,496 484,179 593,510.4
E5-2680v2 106C 2.800GHz, 106G Ethernet
Amazon EC2 Cluster Compute Instances - Amazon EC2 Cluster, 2011 Self-made 17,024 240,090 354,099.2
Xeon 8C 2.60GHz, 106G Ethernet
Amazon EC2 Cluster Compute Instances - Amazon EC2 Cluster, 2010 Self-made 7,040 41,820 82,508
Xeon X5570.2.95 Ghz, 106 Ethernet
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Actual Demand for Computing

Access to higher capacity when needed...
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Fermilab O
HEP (High Energy Physics) Cloud project
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Amazon Elastic Compute Cloud (EC2)
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http://aws.amazon.com/jp/ec2/instance-types/
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KBBRPEAATCVYSRATAL : XIM 2 AF DA

-Xeon E7-8880v3 (2.3GHz) Z4socketi& & L= KIREH—/\

https://aws.amazon.com/jp/blogs/news/x1-instances-for-ec2-ready-for-your-memory-intensive-workloads/
https://aws.amazon.com/jp/blogs/news/x1-instance-update-x1-16xlarge-more-regions/

Instance
Name

x1.32xlarge

x1.16xlarge

vCPU
Count

Introducing X1

Memory Instance Network
Storage Performance

1,952GiB 1,920GB SSD x 2 20 Gbps
976GiB 1,920GB SSD 10 Gbps




GPUEEE : P24 >Zg >Z N=>ZF7 - AL3d> - PAILSTR

MD3YU—=3 > TR

« NVIDIA K80OZ i K16GPUIE
« E192GBMGPUAE! & #140,000 CUDAT 7 #1585,

« 1B T70TFlops(EfEEZFH/NM R ER)ZER r ]
« 1B T23TFlops(fEREZFE/NRER)ZEH r I

«  GPUDirect™|Z&kApeer-to-peer E#iEHR—k

<S<AVARRIVAYAX>
Instance GPU vCPU Memory Parallel Network
Name Count  Count Processing Performance
Cores
P2.xlarge 1 4 61GiB 2,496 12 GiB High
P2.8xlarge 8 32 488GiB 19,968 96 GiB 10 Gigabit
- P2.16xlarge 16 64 732GiB 39,936 192 GiB 20 Gigabit

0F webservices

https://aws.amazon.com/jp/blogs/news/new-p2-instance-type-for-amazon-ec2-up-to-16-gpus/



https://aws.amazon.com/jp/blogs/news/new-p2-instance-type-for-amazon-ec2-up-to-16-gpus/

HPCHETERI B3ERA AT RAILT(FED)

AEY AL—2

[GiB]
C4 Xeon E5-2666v3  ~18 (36) ~60 EBS®D# ~10Gbps
aVEa—T4q4 U &i#EE  (2.9GH2)
12 Xeon E5-2670v2 ~16 (32) ~244 ~800GB  ~10Gbps
High 1O1> A5 R (2.5GHz) SSD x 8
R3 Xeon E5-2670v2  ~16 (32) ~244 ~320GB ~10Gbps
AEYERBEIL (2.5GHz) SSD X 2
X1 Xeon E7-8880v3  ~64 (128) ~1,952 ~1,920GB ~20Gbps
AEY&REE (2.3GHz) SSD x 2
P2 Xeon E5-2686v4 ~32 (64) ~ 732 EBSM#&  ~20Gbps
Accelerated Computing (2.3GHz)

BEANRYIDOHF(MEBITPHPOAEVE)E, RIS ADBRRYAADANRY ITT,
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Amazon Elastic Block Store(EBS)
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http://aws.amazon.com/jp/ebs/details/

EBSEiE{L1 > A4S > A (EBS-Optimized)

EBS&E LR L
- EBS&iE{LZBRMICITDCETHIIUE
EC2 iR Z MR UL/ OMREDRZTEILICEN D

w/o EBS ;

Optimized « KEWARARAIAAT FEEZDE
icys TN
BERRBEMINEITNIEEARN (CBRICH
EITDEMNEFULLY

« BREDA>RXAIRXIAT(m4,c4,d2)
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http://docs.aws.amazon.com/ja_jp/AWSEC2/latest/UserGuide/EBSOptimized.html
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http://docs.aws.amazon.com/ja_jp/AWSEC2/latest/UserGuide/EBSOptimized.html

Amazon EBS — &/RU 1— A5 1 I DY

AR MEZELUDD. MEBREREICEETERI 1 —LAGA THEERT S

Solid State Drive (SSD) Hard Disk Drive (HDD)

RYa1—La14T JREYavk NASSD RIL—TFyb 3—JLKHDD (scl)
IOPS SSD (iol) (gp2) B#E{EHDD (stl)
A—R5—2R IOMREICIKTFEST D | #E#RJa—L BL | EvJT—4. TOERTHEED
NOoSQLT—AR—X | (T ERTSH7 | DWH, BT T—4 BELNT—4
151J)RDB 7. % -TAMNRE AnIE
RYya—LHA4X 4 GB-16TB 1GB-16TB 500 GB-16TB | 500 GB-16TB
RYr—LBOERK 20,000 10,000 500 250
IOPS (16 KB 1/O size) (16 KB /O size) (1 MB /O size) (1 MB /O size)
AR RBOEK 48,000 48,000 48,000 48,000
|IOPS(#E#R1) 1—.L)
RYra—LBORKR 320 MB/s 160 MB/s 500 MB/s 250 MB/s
IW—Tyk
RENHE $0.142/GB $0.12/GB $0.054/GB $0.03/GB
(Rm—>3y) +
$0.074/5% E10PS{iE
T REIEIE IOPS |IOPS MB/s MB/s




A RIARANY

O—HILT 4 RAOCKRED—BEFE I 7AW RITSYFIT7AIV) 2HHrEEZTITIENZLL)
VI —2 3> mETIDHE. HECERIBIRITYVFT4AIEUTEC2
AR ANBT A AT THDA ARSI AX ST OFIBENZIERMN,

<HEHDTIRERH >
c AR AABT A RVIBDT, Y NDO—UHEDHEEZTI SR IAN 0 HE
- BRADRA AT ADHEICEFEFNTULDS

XA DRI ARARTIA AT ADELL/EEDEE. ABHNEESNDA. IRWITER
WEIT S AEY[GiB] P Th kI —oi

(VCPU#R) HE

12 Xeon E5-2670v2 ~16 (32) ~244 ~800GB ~10Gbps
High IOA > RA2V R SSDx 8
R3 Xeon E5-2670v2 ~16 (32) ~244 ~320GB ~10Gbps
AT &iEIE SSDx?2
X1 Xeon E7-8880v3 ~64 (128) ~1,952 ~1,920GB ~20Gbps
AT &b SSDx?2

EEBMAMCEA DRI ARAA ML= BB UEA DRI RAREEUVUET . TRREC2A RIS ADEHESE,
https://aws.amazon.com/jp/ec2/instance-types/



https://aws.amazon.com/jp/ec2/instance-types/

Amazon Elastic File System(EFS) -
TINTFZ—Z RONFSH—) (H—E X yr
HPC S5 R IN THENBER T T U —3 3 >R BNCT —H DIRER
EDRRTHEN Al

*#ﬁﬂ (http://aws.amazon.com/jp/efs/)
— NFS v4 Tt X

— EBEDAZICHDEEDEC2A RS>
ANBEF7 01 XH]
— BHEOAZICTITRIEU TR

¢ 1&*%4*% (http://aws.amazon.com/jp/efs/pricing/)
- $0.30/GB-H (USU—>32>)
- RELUCLDIEETBEDHDRE

mount -t nfs4

L, [file system DNS name]:/ N—==>ZF7 - ALY - PSR
Ly /[user’s target directory] D3U—=3 > TRt
XEFSOEFMITFEEERZSB T\, _ _Naip
"I amazon

http://www.slideshare.net/AmazonWebServicesJapan/aws-black-belt-online-seminar-amazon-elastic-file-system w



http://aws.amazon.com/jp/efs/
http://aws.amazon.com/jp/efs/pricing/
http://www.slideshare.net/AmazonWebServicesJapan/aws-black-belt-online-seminar-amazon-elastic-file-system

Amazon Simple Storage Service (S3)
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ARG ADBA X ERY NDO—D1%hE

A 2RI ADTRY FIO—=DOHEEE. FAIRIERCAA>AIATE. A2 AT
RDYA (&> THEEFRES, A >R ADTAXITHAILT, «>R5>
RBIDDFRY NO—IEBEEE LS5, WHUMBRE 1 > RS> ZRDEE
BENBET BIHE. CPU/AEURICHNDSTA > RY>R 1A XDERHUE,

CA41 2 AI U ATODRY D=V I\T A —I > ADiEL)

[GiB] ISTA—TUR
c4.large 2 3.75 aE
c4.xlarge 4 7.5 =
c4.2xlarge 6 15 =
c4.4xlarge 16 30 =
c4.8xlarge 36 60 L 10FHE Y L

ARG ADIRY NT—=THEEICDWTIETFEDFDA > REIRIATY NI W O =S i on
https://aws.amazon.com/jp/ec2/instance-types/ webservices



https://aws.amazon.com/jp/ec2/instance-types/

HERERY R D—F> %) (Intel 82599 VF)

— EK10GbpsdDxv hJ—0REZHYR— b
— )\ RE(PPS)NIERE(ICKEL. XY b B Enhanced Network

D—OLAFT2IMELRDAT> 3>,
— SR-IOVI(ZXIt

WA S AFR

- C3. C4. R3. I2. VMM
D2. M4(m4.16xlargezpi<) , _ _
X WDNEHYMA > 25> ZADH%E w

HiR—bhUET L T

fEWNS

- Stepl : OS_E(CIntelf —H=%w b RS-/ \(ixgbevf 2.14. 200 E)Z=z1 > X h—JL

- Step2 : EC21 > XA AEHZTY U THERME(--sriov-net-support simple)

H U < ([FAmazonLinux/ EFOREFHDAMIZERAIT DI ETHIGTEFRT

X EEH/ A F— http://docs.aws.amazon.com/ja jp/AWSEC2/latest/UserGuide/enhanced-networking.html
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EXTERNAL FLOW OVER A FORMULA-1 RACE CAR
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CfnCluster

ficfhoe :
https://aws.amazon.com/hpc
/cfncluster/

JAY—&1H./)—RDOS :
-CentOS 6.x
STRTT1—-5:
-Torque
-SGE
-OpenlLava

Virtual Private Cloud

| 106 Network
e T

Ho 3] Ir Siarnk

2 or more cores (as needed)
CentOS 6.x

OpenMPI, gec etc...

Choice of scheduler: Torque, SGE,
OpenlLava
Slurm (coming soon)

-

(_.
i
'
|
!
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1
\\

Auto-scaling g

sompute Instances
2 or more cores (as needed)
CentOS 6.x

g group dnven by scheduler queue length.

Can start with 0 (zero) nodes and only scale when there
are jobs.
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Performance Tuning 3. Huge Pages
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Projects on AWS:

Deploy an Elastic HPC Cluster oo s v o

Access on-demand, scalable resources for your High-Performance Computing (HPC) e

workloads

Quarview Services Used and Costs FAQs

Amazon Web Services (AWS) makes it easy for you to access on-demand and scalable compute
capacity to power your High Performance Computing (HPC) workdoads. Examples of HPC workloads
customers have run on AWS include CFD simulations, computational chemistry workloads, genomics
analysis, weather forecasting, and more. In this project, you will deploy an HPC cluster on AWS using
CinCluster, an open-source solution that enables you to rapidly provision and manage HPC clusters
in the cloud. These cloud-based clusters deliver many similar characteristics of traditional

on-premises clusters while leveraging uniquely cloud-based capabilities. For example, CinClusters
are fully elastic, meaning that compute nodes are only launched when there is work to be done.

T e CfnCluster

Diagram Install CfnCluster, an open-source tool that enables you to create and configure an elastic HPC cluster on Amazon

https://aws.amazon.com/getting-started/projects/deploy-elastic-hpc-cluster/ < amazon
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Amazon EC2

— http://aws.amazon.com/ijp/ec2/

Amazon Elastic Compute Cloud RF1A>

— http://aws.amazon.com/ijp/documentation/ec2/

AWS HPC/R—% LB b

— https://aws.amazon.com/ijp/hpc/developer-resources/

CfnCluster

— https://aws.amazon.com/hpc/cfncluster/
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