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Day 1 - Sat. 10th Sept. 2016 
Venue : SERC 4th floor Auditorium

Time : 10:00AM - 5:00PM 

Ç Introduction 

Ç SahasraT Architecture & Environment 

Ç Parallel Programming Models  

Ç Performance Monitoring and Tuning

Ç Lab Sessions

Day 2 - Sat. 17th Sept. 2016 
Venue : SERC 4th floor Auditorium

Time : 10:00AM - 5:00PM 

Ç Intel Processor Architectures 

Ç Parallelization Techniques

Ç Vectorization techniques

Ç Thread Level Parallelism

Ç Intel Compiler Options ïQuick Tweaks 

Ç Performance and Math Kernel Libraries 

Ç Accelerated Python for performance computing

Ç Lab Session



Day-1 Agenda 
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Timeline Duration Title Agenda

10:00 - 10:10 10 min. Opening Remarks - Prof. R. Govindrajan ( Chairman, SERC) Opening Remarks 

Cray and Brief History of Supercomputing 

System Architecture

Interconnect, Communications 

Programing Environment 

Scheduling Strategies & Job Submission

Web / IISc Online Resources 

Introduction to Parallel Computing 

Basic Terminology and Concepts 

Memory Architectures 

11:30 - 11:50 20 min. 

Multicore and Multimode 

Designing Parallel Programs 

Optimization Techniques  with Examples Codes 

13:00-14:00 60 min 

Cray Tools

Third Party Tools Available On The System 

Some Examples 

15:00-15:20 20 min. 

15:30-17:00 90 min. Hands on Session (Pankaj, Ravi Teja and Nachiket ) LAB : Practice / Dummy Codes ( Three Examples )

Lunch Break 

Coffee / Tea Break 

Day 1 - SahasraT Induction For New-Scholars 

Introductions Parallel Programming Models  - Ravi Teja 40 min. 

Performance Monitoring and Tuning - Pankaj Navani 60 min. 

SahasraT Architecture - Pankaj Navani

10:50- 11:30 

14:00-15:00 

Parallel Programming Models Contd.. 

40 min.10:10-10:50

12:00- 13:00 60 min. 

Coffee / Tea Break 



Cray:  a long history of supercomputingê
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Merging Big Data and Supercomputing
Anything that can be simulated needs a Cray Anything that can be simulated needs a Cray 

Manufacturing
Earth 

Sciences
Energy Life Sciences

Financial

Services

Government 

and Defense

Higher 

Education

We build the worldôs fastest 

supercomputers to help solve 

ñGrand Challenges òin science 

and engineering



Weõve Made Incredible Progress
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Zuse Z3

Introduced 1941

Flop Rate ~ ¼ F

Memory Size ~176 B

Cray-1

1976 (vs. Z3)

~250 MF 1e9

8 MB 4.7e4

IISc ñSaharaTò 
8-cabinet Cray-XC40

2015 (vs. Z3)

~1.14 PF 4.56e15

172 TB 10.7e12



Petascale

Cray XC 

Systems 

Ordered & 

Installed
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UNDISCLOSED

SYSTEMS

http://www.afrl.hpc.mil/
http://www.afrl.hpc.mil/
//upload.wikimedia.org/wikipedia/de/7/76/HLRN-Logo.svg
//upload.wikimedia.org/wikipedia/de/7/76/HLRN-Logo.svg
http://www.nersc.gov/
http://www.nersc.gov/
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Technology Shifts and Responsesê
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ǒ It has been 40 years since the first Cray -1 
Supercomputer shipped to Los Alamos

ǒOptimal design has always been 
dependent on underlying technologies

Processors & Memories
Storage
Interconnects

ǒShifts in these technologies can (and will) 
have large impacts on how systems look 
and how they are programmed

ǒWorkloads and Users are also 
changingê

8



Architectural Response
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GPU computing 

(Nvidia Kepler )
Large # of much

simpler processors

Vector Computing (Intel 
Xeon Phi)

Parallelism with low complexity & 
control overhead

Arithmetic 

Single / Multicycle 

Data Path  

Pipelining Memory Hierarchy  IO Optimization   

Multicore
Multiple, simpler 

processors

Single Socket 
RISC / CISC Design 



Cray Value Proposition  

Systems Management & Performance Software

Packaging

System Interconnect



SahasraT ðInterconnect  
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768 Sockets = 9216 cores less than 1µs away
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2-cabinet Group

Copper cables 

between chassis

Backplane 

connections within 

chassis

This basic structure is 

repeated in ñSahasraTò 

This basic structure is 

repeated in ñSahasraTò 



Compute Blade with Aries
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Å CPU Cluster - Intel 

Xeon E5-2680v3 @ 

2.5GHz (Haswell) based 

1376 compute nodes 

with a total count of 

33024 cores (24 cores 

per node) with a 

sustained performance 

of 950 TFLOPS

Å GPU Cluster - NVIDIA 

Tesla K-40 based 44 

nodes (2880 cores per 

node) with a sustained 

performance of 

52TFLOPS

Å MIC Cluster - Intel 

XeonPhi 5120D Knights 

Corner based 48 nodes 

with a sustained 

performance of 

28TFLOPS



Cray XC Rank-1 Network ðCarried in Backplanes
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Å Chassis with 16 compute blades

Å 128 sockets

Å All-to-all within the backplane

Å Per Packet Adaptive Routing

Å Chassis with 16 compute blades

Å 128 sockets

Å All-to-all within the backplane

Å Per Packet Adaptive Routing



Cray XC Rank-2 Network
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2-cabinet Group

Copper cables 

between chassis

Backplane 

connections within 

chassis

This basic structure 

is repeated in large 

systems

This basic structure 

is repeated in large 

systems

768 Sockets = 9216 cores less than 1µs away



Cray XC Packaging Review
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Group 0 Group 1 Group 2 Group 3

Rank-1

Chassis

Rank-2

2 Cabinet Group

Rank-3

Between Groups

October 26 -27 2015

4 nodes = 1  blade; 16 blades = 1 chassis; 3 chassis = 1 cabinet; 2 cabinets = 1 group 



Placement Insensitive ðDragon Fly Architecture 
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ǒ Example: Sandia miniApp, miniGhost

ǒ Running on 2256 node CSCS system (¼ global 
bandwidth)

Runtime in seconds for 100 cycles
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Random blocks of 64 

nodes
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