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Super Computing - Key
and Pro

• Cloud Computing, IoT, data mining
now perceived as essential to the w

i it f tieconomic prosperity of nations.  

• Super Computing simulation and a
discovery Extraordinary amounts odiscovery. Extraordinary amounts o
revolutionize storage.  Genomics a
Cloud Computing require ultra high
replication and disaster recovery.p y

• Exascale computing is seen as the
Japan and China allocating each in
fi t t h thi il t b thfirst to reach this milestone by the e

• We invite ISGC members and the l
to interconnect and collaborate pavto interconnect and collaborate pav
exascale computing, and reap  the
economic and human developmen

y to Economic Growth 
osperity

g, data analytics, supercomputing, are 
wealth, security, growth, and 

analysis have become a source of 
of data are now collected andof data are now collected and 
and personalized medicine as well as 
h security and reliability, fast data 

e next Frontier with the USA, Europe, 
n excess of one billion US$ to be the 

l 2020’early 2020’s.

larger R&E community in the region 
ving the road to a distributedving the road to a distributed 

e benefits of this new phase of 
nt. 



Singa

Sources: Singapore in Brief 2015, De

apore
Physical Land Area: 718 sq km

Population: 5.5 million
3.9 million (70.8%) 
Singapore Residents

Literacy Rate: 96.7% (Aged 15 & above)
76.4%  of those aged 25‐34 years
have tertiary qualifications 

2014 GDP S$390.1bn (US$307.9bn)
R l G h 2 9%Real Growth : 2.9%
Per Capita GDP:        S$71,318 

(US$56,284) 

Independent since 9 August 1965

epartment of Statistics



Agency for Scien
and Re

>1,700 INDUSTRY PROJECTS A
YEAR
5 INDUSTRY PROJECTS

>280
5 INDUSTRY PROJECTS
A DAY

>2,80
>200 LICENSES A YEAR>200 LICENSES A YEAR

4 LICENSES A WEEK

>1 RSE SPUN OUT TO 
INDUSTRY A DAY*
* average number of Research Scientists and

KPI numbers C

1  average number of Research Scientists and 
Engineers (RSE) per working day in a 
calendar year 

nce, Technology 
search

A 

S

35%
SMEs65%

MNCs

00 PAPERS 
PUBLISHED    

S MNCs

00 A YEAR

>13 START‐UPS     

PATENTS FILED240
>13 A YEAR

PATENTS FILED
A YEAR>240

CAA 31 March 2015



A*STAR Computatio
Scope: 

A*STAR– serve A*STAR users 
– exploration of novel technologies and 

Many unique systems:Many unique systems: 
– Cumulus (IBM), Cirrus (IBM), Aurora (

Large range of architectures:Large range of architectures: 
– Intel x86, IBM Power, NVIDIA Tesla, A

AutomataAutomata
Involvement in exploration projects:

– InfiniCortex – InfiniBand ring around thg
– Intel Center of Excellence
– IBM OpenPower Foundation member 
– Micron Automata Center of Excellence

nal Resource Centre

architectures

(SGI), Fuji (Fujitsu), Axle (HP), Cray

AMD FirePro, Intel Xeon Phi, Micron 

he world

(4 x IBM Power 8 servers)
e (2 x Automata boards)



National Supercomp

13PB S~1 PFLOP System

• HSM Tiered,
• I/O 500 GB/s

y

• 1,288 nodes (dual socket, 
12 cores/CPU E5-2690v3)

buffer
• 10x Infinite M

Engines (IM

• 128 GB DDR4 RAM/ node 
• 10 Large memory nodes
(1x6TB, 4x2TB, 5x1TB)

uting Centre (NSCC)

EDR InterconnectStorage

• EDR (100Gbps) Fat Tree 
within cluster
I fi iB d ti t

g

, 3 Tiers
s flash burst 

• InfiniBand connection to 
remote login nodes at 
stakeholder campuses 
(NUS/NTU/GIS) at

Memory 
ME) 

(NUS/NTU/GIS) at 
40/80/500 Gbps throughput 



Sample of NSCCC applications



Collaborati
Technology Centre for OffshoreTechnology Centre for Offshore 

COUPLED EXPERIMENTAL ‐ NU

SIMULATION (NSCC)

OU

ive Project 
and Marine Singapore (TCOMS)and Marine Singapore (TCOMS)

UMERICAL WAVE FLUME TEST

EXPERIMENT (TCOMS)

UTPUT



NSCC appplications



Collaborat
(NTU NSCC GenomeA(NTU-NSCC-GenomeA

• Aim: To sequence 100,000 genomes from vario
• Goal: To accelerate precision medicine and clin• Goal: To accelerate precision medicine and clin
• NTU acts as the host and NSCC provides the HP
• 68TB of genome data from USA and Korea aggr

• Using NSCC HPC resources, total compute time
genomes will only take up 1.1% of the 4‐year p
downstream analysis and experiments

ive Project 
Asia 100K consortium)Asia 100K consortium)
ous South, North & East Asia populations
ical applications for Asian patientsical applications for Asian patients
PC resources
regated and hosted on NSCC platform

e to process genome data for 100,000 
project, thus providing more time for novel 



NSCC appplications



Some new Deevelopments



Collaborati
(Data “Wo(Data Wo

ive Project 
ormhole”)ormhole )



Collaborati
IMDA NTU NSCC (GIMDA-NTU-NSCC (G

• Development of an interactive 3D
high performance server clustershigh performance server clusters 

• Ability to monitor the thermal dyna
anomalies

• Eventual aim is to improve the en

ive Project 
Green Data Centre)Green Data Centre)
 visualization of the thermal profile of 
in NSCCin NSCC

amics of servers and spot outliers or 

ergy efficiency at NSCC’s data centre



SLIX: SingaREN Lightwwave Internet Exchange



SingAREN Oppen Exchange



‘Maximize my effective throughput be

Fusionopolis and Biopolis are 2km apart

etween my storage and my compute’

T t t t d ith M ll METRO X l 2013Tests started with Mellanox METRO-X early 2013.
Today the sites are connected with nx40gbps 
connections running native InfiniBand and reachin
approx 98 4% of maximum theoretical possibleapprox. 98.4% of maximum theoretical possible 
throughput.  Dark fibre running at 400Gbps, soon 
1Tbps using Infinera connects the two sites.



RDMA - InfiniBand – RoC

• Remote Direct Memory Access (RDMA) 
between the multiple cores of a clusterbetween the multiple cores of a cluster.

• Ethernet InfiniBand and proprietary stan• Ethernet, InfiniBand and proprietary stan
cores.  InfiniBand has become the protoc
best throughput at the lowest latency and
supercomputers. The Ethernet camp has
Ethernet) in response. 

• A long distance version of InfiniBand was
military. The long distance implementatioy g p

CE:  Going the distance

is the core concept for efficient operation 

ndards are used for communication betweenndards are used for communication between
col of choice in recent years providing the 
d runs on more than 50% of the Top100 
s developed RoCE (RDMA over converged 

s developed under the impetus of the US 
on of RoCE is a possible alternative.p



Singapore’s approach to

• A geographically dispersed constellatiA geographically dispersed constellati
associated power needs, working as o

• Succesfully demonstrated at SC14 SC• Succesfully demonstrated at SC14, SC
infiniCloud approach at ISC16.

The five elements needed to succeed• The five elements needed to succeed 
– Supercomputer interconnect topology 

Deng, M. Michalewicz and L. Orlowski
Availability of high speed uncongested– Availability of  high speed uncongested

– Long distance InfiniBand or RoCE to in
given link and InfiniBand or RoCE rout

– Application layer: from simple file tranfApplication layer: from simple file tranf
developed ADIOS and multi-scale mod

– Partnerships:  need to reach a critical 
production mode.

o exascale: InfiniCortex 

on of compute storage andon  of compute, storage and 
one; not grid, not cloud.

C15 and SC16 as well as anC15 and SC16 as well as an 

are being lined up:are being lined up:
based on graph theory work done by Y 
i.
d bandwidthd bandwidth
ncrease effective throughput over any 
ting.
fers to complex workflows with Oakridgefers to complex workflows with Oakridge 
dels. 
mass to go to phase II  and eventually to 



gest spanning InfiniBand network: rin
ld ith t 100Gb ti (Si

gest spanning InfiniBand network: rin
ld ith t 100Gb ti (Siorld with up to 100Gbps sections (Singorld with up to 100Gbps sections (Sing

finiBand routing across 7 
ubnets over 4 continents
finiBand routing across 7 

ubnets over 4 continents

ng-around-the-
USA)

ng-around-the-
USA)gapore-USA)gapore-USA)

scalable InfiniBand connected HPCscalable InfiniBand connected HPC
cloud instances - InfiniCloud acros
four countries (Australia, Singapor
USA F )

cloud instances - InfiniCloud acros
four countries (Australia, Singapor
USA F )USA, France)USA, France)



InfiniCloud at ISC 2016 Frankfurt, Germany



Data Transfer

1 TB in 24
minutes

r Test (dsync)

4



S’pore InfiniBand Co
42km
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g
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100Gbps InfiniBand enabled
500Gbps InfiniBand enabled

10/40/100Gbps InfiniBand/IP Lee Kong Chian
School of Medicine

Tan Tock Seng 
Hospital

SingHealthMinistry ofIntegrated Health National Cancer

OUTRAM

SingHealth 
Academy

Ministry of 
Health

Integrated Health 
Information System

National Cancer 
Centre Singapore



Singapore Intercont

London EULondon, EU

Singapore10Gbps Singapore10Gbps
co‐funded 
with

inental Connectivity

Los Angeles, USA

100Gbps
co‐funded with



Regional Netwo
(via Sing(via Sing

ork Connectivity 
gAREN)gAREN)



Strategicc Projects



Domain

LIFE SCIENCES CLIMATE MODE

Accelerate 
biomedical discoveries 
through high performance

Contribute to a
science and im

fthrough high performance 
applications in genomics, 
thus improving the 
effecti eness of clinical

accuracy of we
forecasts by bro
the range of pa

effectiveness of clinical 
treatments and personalised 
medicine.

included in the 

[Image courtesy of NASA[Image courtesy of insideHPC]

n Areas

MANUFACTURINGELLING

Enhance modeling, 
simulation and analysis to 

d th d i l

tmospheric 
proves the 
th speed up the design cycle 

for a faster time‐to‐market 
for new and advanced 

eather 
oadening 
arameters 

products.simulations.

SA] [Image courtesy of EnterpriseTech & Airbus]



Domain

DIGITAL MEDICOMPUTATIONAL FINANCE G
PRODUCTION

Accelerate ren

COMPUTATIONAL FINANCE

Perform high performance 
computational modelling of 

high realism, r
to market for 
increases the 

market conditions, pricing 
model, risk models, and 
contingencies to allow 

production forfinancial institutions to 
accurately meet real‐time 
goals.

[Image courtesy of MIR Labs]

n Areas

IA  DATA CENTRE & 

ndering with 

C &
NETWORKING

Offer an unprecedented high 
reduces time 
producers and 
quality of 

performance network 
testbed coupled with high 
performance data analytics q y

r users. for quasi‐real‐time intrusion 
detection and cybersecurity 
optimisation

[Image courtesy of 
Omens Studios]



Strategi
• To provide HPC resources for Natio

(RIE2020 / Science & Technology R

• To identify within these domains, th
impact

c Focus
onal R&D projects 
Research - $19B) 

hose which HPC can have maximum 



OutreOutre
Manpower Capab

ach &ach &
ility Development 



Outre
Conduct 
Regular Training 

Local & Ove
Conference g g

Workshops

Workshops

Participation

Workshops

•Introductory
•Optimisation Techniques
P ll l P fili  & D b i 1 5 A 2016 21•Parallel Profiling & Debugging

•Advanced Job Mgmt.
1 – 5 Aug 2016
Hong Kong

21
Sin

NTU A*STAR 

13 –
S l

18 May 2016

NUS 

Salt Singapore

20 – 22 Jun 2016
Frankfurt, Germany

each
erseas Roadshows / 

Collaborations / 
I d i l En Industrial Engagement

MOUwith Industry (Mar 2016)

1 23 S 2016

MOU with Industry (Mar 2016)  

1–23 Sep 2016
ngapore

– 18 Nov 2016
L k Ci U h USA

Industrial/Government Engagements

Lake City, Utah, USA 

4 – 5 Oct 2016
Melbourne, Australia



International C
• International collaborations with Supe

(RIST, SDSC, ICAIRS, HKU, Comput
Research Organisation for 

Information Science & Technology
(20 Jun 2016)

with Dr. Motoi Okuda 
(Deputy Head of Kobe Centre, RIST)

University of San Diego (UCSD)
(20 Jun 2016)

with Prof. Mark Ellisman

Collaborations
ercomputing Centres
te Canada, ANU/NCI, PAWSEY)

iCAIRs
(20 June 2016)

with Joe Membretti

HKU
(3 Aug 2016)

with Prof. Andy Hor



Thank yoyou!


