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Why Supercomputer ? 
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Supercomputing Applications
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Cosmic millennium --
AstrophysicsComputer Simulation

 Abstract mathematical model 
mimicking dynamic behavior of 
components

 Conditions that cannot be 
easily or safely applied in real 
life

Nuclear Reactor 
Simulation
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What is a Supercomputer?

• A hardware and software system that provides 
close to the maximum performance than can 
currently be achieved.

• What was a supercomputer a few (5) years ago, 
is probably an order of magnitude slower system 
compared to today’s supercomputer system!

Therefore, we use the term “high performance 
computing” also to refer to Supercomputing!
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Era of Supercomputing

• Introduction of Cray 1 in 1976 
ushered era of Supercomputing
–Shared memory, vector 

processing
–Good software environment
–A few 100 MFLOPS peak
–Cost about $5 million

1976

Apple1 iPhone
2007
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Performance of Supercomputer

• What are the top 10 or top 500 computers?
– www.top500.org
– Updated every 6 months
– Measured using Rmax of Linpack (solving Ax = b )

• What is the trend?
Year Performance (GFLOPS)

#1 #500
1993 59.7 0.422
2016 93,014,600 286,100

~10,649,600 
processors!1,558,000 x Impr.!!



How building 
blocks are put 
together

What gives the 
systems its 
compute power

Connection betn.  
building blocks

Components of a Supercomputer 
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Terascale

Exascale



Source: Univ. of Wisconsin 8

What fuels this growth?

Moore’s Law: 
No. of Transistors 

doubles every 18 months

With an associated
performance and clock 

rate improvement



The TOP 500 (June 2016)
Rank Site Manufacturer Computer Country Cores Rmax

[Pflops]
Power
[MW]

1
National 

SuperComputer Center 
in Wux

NRCPC Sunway TaihuLight Sunway 
SW26010, 260C, 1.45 GHz China 10,649,600 93.01 15.37

2
National 

SuperComputer Center 
in Tianjin

NUDT
Tianhe-2, NUDT TH MPP,

Xeon E5 2691 and Xeon Phi  
31S1

China 3,120,000 33.86 17.80

3 Oak Ridge National 
Labs Cray

Titan Cray XK7,
Opteron 6274 (2.2GHz) + 

NVIDIA Kepler K-20
USA 560,640 17.59 8.20

4 Lawrence Livermore 
Labs IBM Sequoia – BlueGene/Q USA 1,572,864 17.17 7.89

5
RIKEN Advanced 

Institute for 
Computational Science 

Fujitsu
K Computer

SPARC64 VIIIfx 2.0GHz, 
Tofu Interconnect

Japan 705,024 10.51 12.66

6 DOE/SC/ANL IBM BlueGene/Q
Power BQC 16C/1.6 GHz USA 786,432 8.58 3.94

7 DOE/NNSA/ANL Cray
Trinity Cray XC-40,

Xeon E5-2698 16C (2.3GHz)
Aries Interconnect

USA 301,056 8.10

8 Swiss National 
Supercomputing Cray

PizDaint Cray XC-30,
Xeon E5-2670, 8C (2.6GHz)

+ NVIDIA K20x
USA 115,984 6.27 2.32

Top 500 June 2016 List : www.top500.org



Top500 – By Country
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India
5 – 10 systems
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Supercomputers: Are they 
White Elephants ?   
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33.8   PFLOPS
3.12 M Cores
17.8 MW of power 

93.0   PFLOPS
10.6 M Cores
15.3   MW of power 
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Supercomputers: Are they 
White Elephants ?   
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33.8   PFLOPS
3.12 M Cores
17.8 MW of power  Huge Investments

 Large maintenance & operational expenditure
 What can we do with them?
 Are they the worth the investment/ cost? 

93.0   PFLOPS
10.6 M Cores
15.3   MW of power 



Blue Brain Project
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Blue Brain Project
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• Modeling & understanding the brain (biological, 
physiological, neurological functioning) 

• Comprehensive digital reconstruction to further 
refine, expand and validate newer models

• Diagnosing and treating brain diseases

• Leading to new computing technology, neurobotic
and neuromorphic computing



Large Hadron Collider –
Higgs Boson
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World LHC Compute Grid
Several 100,000 Cores, distributed across the world

Petabytes to exabytes of Data to be analysed and stored



Large Hadron Collider –
Higgs Boson
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World LHC Compute Grid
Several 100,000 Cores, distributed across the world

Petabytes to exabytes of Data to be analysed and stored

Simulated Large Hadron Collider CMS particle 
detector data depicting a Higgs boson produced by 
colliding protons decaying into hadron jets and 
electrons



Societal Impact of Supercomputing

18

Cyclone Hudhud: Oct.12, 2014
Category 4 (Extremely Severe)
124 deaths

Cyclone 05B : Oct. 25, 1999
Category 5 (Extremely Severe)
10,000+ deaths



Societal Impact of Supercomputing

19

Cyclone Hudhud: Oct.12, 2014
Category 4 (Extremely Severe)
124 deaths

Cyclone 05B : Oct. 25, 1999
Category 5 (Extremely Severe)
10,000+ deaths



Open Source Drug Discovery
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OSDD is open innovation translational research platform for 
both computational and experimental technologies

Targets drugs for diseases like 
Tuberculosis, Malaria, etc. 



National Supercomputing Mission
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NSM Objectives

 Multi-tiered HPC Infrastructure
 Development of HPC applications
 HPC-aware Manpower Development
 Next generation R & D on HPC  Systems  

• Implementing agencies : IISc and C-DAC 

• SERC will play a major role in NSM
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NSM Architecture

NKN



Supercomputing Systems  & 
Applications are Challenging!
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Supercomputing Systems  & 
Applications are Challenging!
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Cosmic millennium --
Astrophysics

Climate and Weather Modeling

Computational Fluid Dynamics



Supercomputing Systems  & 
Applicatios are Challenging!
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