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How did we do this?

Automated in 8 Cloud Regions,
4 continents, Double resiliency

7 CYCLESERVER

|

7 DATAMANAGER

I I . - - -y

JUPITER
Distributed
Queue

Auto-scaling
Execute Nodes

14 nodes controlling 16,788 Sey -

G TR LE
COMPUTING




1.21 PetaFLOPS, 156,314 cores

Systems Reporting Monitoring
Pending: 56

Running: 156314
Shutting-down: 126
_Timestamp: 11/3/13 8:17 PM

150000 /—f_/_.ﬂ_’\x\L
' —

100000

50000 /

10:00 12:00 14:00 16:00 18:00 20:00 22:00 4oy 02:00 04:

Show: Active Cores by State

Running Cores: 5
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a Western Digital company



HGSTHIBIES|EE: HPC BiES5{HHE

IR el B
- Internal/External Mechanical Structural Analysis of HDD
—  Critical Lubricant Attributes and Physics
- Airflow / He inside HDD

—  Optimal combination of HDD head and media
compositions, spindle design, lubricants

- Storage Array: HDD location, airflow investigations

& = 2L E AR 175 E (Aerial Density)
- Micro magnetic analysis for Heat Assisted Magnetic
Recording (HAMR)

- Head-Medium Spacing (HMS)

Air shear sy

— . —

HPC Doing The “Physics Work” Driving HGST Innovation




HGSTHFAWSHIHPCHI EANM E&

el : ATATHEREN IR (PoC)

- First HPC PoC: Sept 2013

MEZ2 : NSEE{ER (Small Start)

— 1St HPC Production Cluster: Nov 2013

FER3 : ik TAESE AN REE (Optimize Workloads And Flexibility)

- AWS C3 Deployments Jan 2014

- 4% HPC Production Cluster: June 2014

- Each stage maps to growth

M ES4 - PE{ERAS (Lower Cost)

Use Spot And Reserved Instances: Oct / Nov / Dec 2014

135

MYERS : 58553588 (Business metrics)

90

Stage lll

Utilization and cost reports to HGST engineers : Dec 2014 .

mwmm Stagel
= Stage |l

0

Visibility Allocation *  UnitCost

eciovdedibty



Stage 1 + 2 + 3: EXHY RitHME

4+ F8h71% (Molecular Dynamics ) REFN 7% (Fluid Dynamics)

1.67x Initial Overall Throughput Gain 1.4x Overall Throughput Gain
Time 1 2W N
Prior: Shared 512 Core | 512core |wating ["s12core | [ 512core | | 512c0re | averaged usage patfem
Super Computer [ 256core ] woro [ 256core | TI2(3] 4567 (8]0 [10(1L]|12{13) 2415|1617 (18|19 (20(20| 22|28 |24|25(2 |27 | 8| 0|30
[ 128 core | waiting [ 128 core. ]
on [ue WedThu Fri Sat Bun Mon Tue Wed|Thu Fri Sat Sun Mon Tue |WedThu Fri f5at Sun Mon Tue Wed[Thu Fri_Sat Sun Mon Tue |
f —— 1 — I e | P i ple|n|n p|ln|ue|n
[ 64 core [ 64 core ] ws’-'f;t?m 2 i} p|ln|u|un ||
| 64 core ] | 64 core ] loczlkiV =
Today: AWS EC2 CC2 | = [ — I e || 16 I ] 6| %6 | 16|
[REAEEl DB ) B4 core ] | 64 core ] s " 2 lu|u|a ulwu|n|n
| 64 core | 64 core ] E | | | |
[ 64 core ] [ 64 core ] S 128cre n ;) 1%
L [ 64 core ] [ 64 core ] duger
M ¥ L -
P FEhFE (Molecular Dynamics ) MBS (MicroMagnetics )
e—— R T
Model 1 1.23x - 1.78x
Head Drive Interface Vacuum Gaps 1.99x
” — Model 2 1.01x - 1.67x
Vacuum Gap "collection 4.00x
Media Grains for HAMR (FePt/C) 2.03x Model 3 1.23x - 1.69x
4 Carbon Molecule Clusters 5.67x Model 4 Up to 2.7x

CYCLE
COMPUTING



Stage 3: I AERI TIEGEFHITHHL

pwryey ] ]+
s - s sk st e 24 P RS 8 e —— o0 e ot 5h pp— . I T T e —— - T
8 o vt @ G st i b G L 5T | [ o |
usace vsace
e OriginalMD-CPU (resy s s MRM-CPU Usage - Custom Dot Jun 23, 201401 25, 2018~
Lumericst-coU & Lumerica-CPU 4
MAMCPY a Avelability Zone = wp-northeast-1a X ClustesName fvalue) contai wmercalcpy & Filters:  Clusterniame (vaiue) = wan % [[[eR0
Moy & Lumerical CPUwih &
OriginalMD-CPU 4 Date.
Running Instances v MAM-CPU 4 Running Instences ¥
o= wamokdchy L
a

OriginaMD-CPU
system reports ©

w an
camary
Archiectur/05 » systemreports 9
Instance Saes
z = camarry
edundancy
Aschitecture/05
umuzanion
instance Sizes
o0 Usization " edundancy
Disk Usage: S 0wz mae mm s o aiAr
Instance Aging o) e

| B 0t b s A2 B & A € — . i . - o B pooten s sneecan® D & &
s @ o e o st § 8 e v @ camysanes L) e ) oot L s

usace usaan

ey 2 Lammps-CPU Unage . st Ot un 23, 014 9,200 s 2 Lumerical-CPU [ . ot s My 15,20V 28,2014
Lumeralcpy & wmerialcy &

Lmeiabcry Filters:  Clustorhame {value) = Lammps-pra & Filters: | ClustorMamo {vabue) = lumarical-new ¥

Lumerical-CPUwith & Lumerical-CPUwith &

Oate Date

MRM-CRU a Running Instances MAM-CPU o g CPU U v

[ W ocry i

OriginaMo-ce & 1 Originali-cPU &

system reports ©

system reports ©

capaTy capnaTy
Architecture/Cs Architecture/08,

Instance Sizes Instance Sizes

Redundsncy Redundancy

unizanon v e unuzanon

Not all workloads and work require same compute resources 24 x 7 x 365

cloudability



Stage 4: EMEFIEMRPRINA

HerDfive Simulated 22 advanced
eal Submit jobs, head designs across 3
Design orchestrate HPC 9

materials possibilities

Workloads  ¢ysters over VPN

ﬁ

1024 Cores
Of Spot @ Used AWS c3 instances

Instances

Encrypt, route data to
AWS, return results ox faster run-time;

Ran in 5 days, not 30!

Total cost:
$4,026.02



Stage 4 + 5: L{L MR

Here is an aggregate of all of your Rl recommendations

ot @ medium @ hesry

& View usage datainEC2 U cloudability

»
0
Augs Asg10 g1z Aug2e Aug31 st seata s sp2s
T [ Ragz == tag3 septr sep1e st S22
RI Profile

Needed Rls: 9

Light Gap: (D

Current Rls: [}

Cost & Savings

Medium Gap: (D

Heavy Gap: (D)

Here is an aggregate of all of your Rl recommendations € view usage data inEC2 |y dability

gt @ mesium @ hessy

hog3 ) [ [ Jug31 Sept sepre Sepn s
[ g0 g7 [ Sug31 septr == sepn s
Rl Profile

CurrentRls: 0 NeededRls: = 31 Light Gap: @D Medium Gap: Heavy Gap: ()

Cost & Savings

Great Solutions Are Available To Ease Optimization Effort



Pfizer{EFHAWSAMEHPCITER

RIEATRIBA R

AWS enables Pfizer's Worldwide
Research and Development to
explore specific difficult or deep
scientific questions in a timely,
scalable manner and helps Pfizer
make better decisions more
quickly.

Dr. Michael
Miller
Head of HPC for
R&D, Pfizer

>

HARVARDEZFiEid (E
FBAWS , 1ESHPCEEFRIRL
AFE(FE 7 50%

The combination of our approach
to biomedical computing and AWS
allowed us to focus our time and
energy on simulation
development, rather than
technology, to get results quickly.
Without the benefits of AWS, we
certainly would not be as far along
as we are.

Dr. Peter Tonellato,
LPM, Center for
Biomedical Informatics,
Harvard Medical School

L2 THE
HARVARD
MEDICAL SCHOOL

Unileveri@i3{EEHAWS ,
HEABRSIBITESERFN
EEIERER 7 20fE,

The key advantage that
AWS has over running this
workflow on Unilever’s
existing cluster is the ability
to scale up to a much
larger number of parallel
compute nodes on
demand.

Pete Keeley

Unilever Researchs eScience
IT Lead for Cloud Solutions
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Figure 1. Magic Quadrant for Cloud Infrastructure as a Service, Worldwide

Amazon Web Services .

Microsoft .
Rackspace .
enturyLin
Virtustream . . ryl .Google
. VMware
Interoute .
e @ 'BM (SoftLayer)
Dimension Data . .
= e
'é NTT Communications .. Fujitsu
5 S Verizon .
Ll
=)
}_
>
=
—
==}
<r
COMPLETENESS OF VISION TR

Source: Gartner (May 2015)

AWS has ten times more cloud capacity in use than the other 14 providers combined.
-- Gartner (2015)
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11 regions
30 availability zones O

O@ O

i O
53 edge locations 8% OO%@ O o5
Over 1 million active customers acrcss o0
190 countries % O
O
o
O
O

O Region

O Edge Location
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Cluster
Computing

Data-Light
Less dependence on
high-1OPS, with smaller
datasets

Grid
Computing

(“Pleasingly parallel”)

Tightly Coupled (MPI/HPC)

Requires Infiniband or other RDMA solution for scaling

Fluid dynamics Seismic processing
Weather forecasting High energy physics
Materials simulations Metagenomics

Crash simulations Human Brain Project

Financial simulations Animation rendering
Molecular modeling Semiconductor verification
Contextual search Image processing / GIS

Alt-coin mining Genomics

Loosely Coupled (Grid/HTC)

Scales well with 10g Ethernet

Cluster with 10
(Data-intensive HPC)

Data-Intensive
Requires high-IOPS
storage, or has very

large datasets

Grid with 10
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= @) Professional [oTe]| Partner Training & @) Solutions . Account Security &
% Support @bY services l)l‘ Ecosystem Certification @51 Architects @ Management Pricing Reports
o
'm Virtual 1 Sharing & . Business
= Desktop % Collaboration E Email
O
Analytics App Services Developer Tools & Operations Mobile Services
m Hadoop Queuing & : . Resource Identity
@ Notifications EEE Transcoding Deployment .% Templates
Real-time ey
7 i Sync
Streaming Data ) >
9 . Workflow Email DevOps Containers
~ | Data . Mobile
Warehouse Application _ @ Analytics
Cpo Data : 9 Management puting |$| Push
Pipelines Notifications
O
@ Identity W Access @ Resource & ol Key Management W Monitoring
== Management Control =] Usage Auditing 4R & Storage d & Logs
o
Compute Storage 7 == Databases N Networkin
I3 (vMs, Auto-scaling . (Object, Block - 51 CDN ==l (Relational, (B 9
& Load Balancing) ﬁ and Archival) @’ Fj NoSQL, Caching) % <l (VPC, DX, DNS) O

Regions

(-@ Availability

Zones

@ Points of
4 Presence

Technical &
Business Support

Enterprise
Applications

Platform
Services

Administration
& Security

Core
Services

Infrastructure



- NVIDIA
CUDA

c3.8xlarge cc2.8xlarge

T EHMIEEIR

THERACLAR EEBFTESEHI (Cluster Compute)

Implement HVM process execution
Intel® Xeon® processors
10 Gigabit Ethernet —c3 has Enhanced networking, SR-IOV

GPUEHEEHI

CGlinstances

Intel® Xeon® X5570 processors

2 x NVIDIA Tesla “Fermi” M2050 GPUs

I/O Performance: Very High (10 Gigabit Ethernet)
G2 instances

Intel® Intel Xeon E5-2670

1 NVIDIA Kepler GK104 GPU cgl.8xlarge g2.2xlarge
I/O Performance: Very High (10 Gigabit Ethernet)

10Gbps

BILEIERRILE (Network placement groups)
S BRI E S )ERE £ — 1N Placement Group™s, i&@id
RAEIRHY T IR P L8 B BX
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Bzhi R ( Auto Scaling Group )
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HiEEE

g’a""o, I

G
%O% e,

e S,
KZRBIEUEREBRSS (RDS) NoSQLE\#ERE ( DynamoDB ) XRE=E (S3)
(MySQL, Oracle, MSSQL, PostgreSQL, Aurora) 4238 ER, 584 RAINOSQLEUREE AN A4S 5TB |, M

RS Internet , FHFEA R BT E],



REPHESTIER

iHRPASIBRSS ( SQS ) SEMGH S EC
BT S BEAYEEBASY ( Simple Queue
Service ) SR KIEFTE,.

TERIRS AR BFUESERE
IERFAERASHVES | (FRILIERIRSS
( Simple Workflow Service ) $ZRBZEIE
g TR, AENXARERIREFIT/E
ZiE,

\ /\m
Processing
results @ .,

Processing
task/processing trigger

Task B -
(Auto-

scaling) » o %@ ?




BECERENEERSS

Amazon AWS IAM (Identity AWS
CloudWatch & Access Mgmt) OpsWorks

Monitor resources Manage users, Dev-Ops framework
groups & for application

permissions lifecycle management

SES

i
1

J I T
-
=

FIEIssiny.

CloudFormation

Templates to deploy

AWS AWS Elastic
Beanstalk

Automate resource

& manage management

Web App

(T[]
46

]l

Enterprise
App

[E

Database
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{EAWS HiEiTHPCHIZRPERRS

L- Lawrence Livermore
National Laboratory

BROOKHIVEN

NATIONAL LABORATORY

Berkeley

UNIVERSITY OF CALIFORNIA

—
.\I':IIU School of Medicine
\\\\\\\ OMNE MEDICAL CENTER

(W~ THE CLIMATE
/) CORPORATION

& CYCLECOMPUTING

bankinter:

DNARexus\Y/

=
Uhaillearer~

firen

FARMERS

&

5a-00 o8
&

é
HArvVARD
MEDICAL SCHOOL

@dcesa

HITACHI

Nimbic
(@) 1rens

Dy

AeroDynamic Solutions

= ; CYPRESS

cyclopic energy

HGST

aWestern Digital company

GRS

amazoncom

LIONSGATE

Emerate
7 UniCredit

“pxionfTiix

-
ERICSSON Z

NASDAQ

Massachusetts
Institute of
Technology

S faAN

Adobe

lumina

Autodesk

ANA
\7/\4

Bristol-Myers Squibb

nnnnnnnnnnn

Capital IQ

A Standard & Poor’s Business

B Pathwork.

Diagnostics
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. GreenButton™

@ StackIQ % ?!.'-!!f"!" - Brlghf Com;::uhﬂg
S )

C =7 CYCLECOMPUTING - /.3 Uran g ers
LEADER IN CONDOR GRID COMPUTING SOLUTIONS I n te l

/A puppet CcC openlava

labs (:) P S [': O DE Open Source Workload Management

Software

@ StarCluster




AWS HPC Demoi&iR

amazon

webservices
cfncluster (“CloudFormation cluster”)

Command Line Interface Tool

Deploy and demo an HPC cluster

For more info:

http://aws.amazon.com/hpc/resources

cfncluster


http://aws.amazon.com/hpc/resources
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China SMB and Startups on AWS
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China Enterprises on AWS
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Amazon Partners Network in China -"é?pazon

Partner

(T services | Network
[ 4 _ ay |
< Asialnfo Neusoft S:I;l{lllgaNetCIouq cloud
> ) )
accenture ZKINGSOFT
High performance. Delivered. & LiEEaRAR NetApp
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