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A revolution in astronomy

Galileo	Galilei	-	1609
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What is HPC?

"High-Performance	Computing,"	or	HPC,	is	the	application	of	
"supercomputers"	to	computational	problems	that	are	either	
too	large	for	standard	computers,	or,	would	take	too	long.		

A	desktop	computer	generally	has	a	single	processing	chip,	
limited	memory	and	small	storage	space,	whereas	an	HPC	
system	contains	thousands	of	processors,	tons	of		memory	and	
huge	amounts	of	storage.

http://www.nics.tennessee.edu/hpc-glossary#hpc
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What is a Supercomputer?

A	supercomputer	is	a	computer	at	the	frontline	of	current	
processing	capacity.	

Supercomputers	are	the	tool	in	the	field	of	Computational	
Science,	and	are	used	for	a	wide	range	of	computationally	
intensive	tasks	in	various	fields.
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First Supercomputer?

• The CDC 6600 was a mainframe 
computer from Control Data 
Corporation.

• Delivered in 1964 to the Lawrence 
Radiation Laboratory.

• It was used primarily for high-energy 
nuclear physics research, particularly 
for the analysis of nuclear events 
photographed inside the Alvarez 
bubble chamber.

• Its performance of about 
1 megaFLOPS, it remained the world's 
fastest computer from 1964 to 1969.

“Given that the 6600 outran all 
computers of the time by about 10 

times, it was dubbed a supercomputer 
and defined the supercomputing 

market when one hundred computers 
were sold at $8 million each.”

http://en.wikipedia.org/wiki/Mainframe_computer
http://en.wikipedia.org/wiki/Control_Data_Corporation
http://en.wikipedia.org/wiki/FLOPS
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Modern Supercomputer

• Housed at NCSA

• Cray XE6/XK7

• 22,500 XE6 compute nodes 
(dual AMD processors)

• 4200 XK7 compute nodes 
(1 processor, 1 Kepler GPU)

• Gemini interconnection 

• 13 TFlops

• 1.5 PB of memory

• 25 PB of storage
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How fast is your new iPhone 6s?

172.8 GFlops

Iphone 6S

Iphone 4S - 16 GFlops
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What can you do with HPC?
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What can you do with HPC?
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How does it work?

Domain Science

Computational 
Science

Computer Science Math

application

by Rubin Landau

Physics,
Chemistry,
Engineering,
Biology
etc

Grand Challenge Problems

Prediction of weather, climate, and global 
change
Challenges in materials sciences
Semiconductor design
Superconductivity
Structural biology
Design of pharmaceutical drugs
Human genome
Quantum chromodynamics
Astronomy
Challenges in Transportation
Vehicle Signature
Turbulence
Vehicle dynamics
Nuclear fusion
Efficiency of combustion systems
Enhanced oil and gas recovery
Computational ocean sciences
Speech
Vision
Undersea surveillance for anti-submarine 
warfare
Fluid dynamics
Electronic Structure Calculations
Plasma dynamics
Condensed matter
Computer Vision
Natural Language understanding
Automated reasoning
etc
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DOE HPC Centers
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DOD HPC Centers
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NSF HPC Centers
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The Top500 List
• The TOP500 project was 

launched in 1993
• The benchmark used for ranking  

is called Linpack, which means 
that systems are ranked only by 
their ability to solve a set of 
linear equations, A x = b, using a 
dense random matrix A. 

• Any supercomputer – no matter 
what its architecture is – can 
make it into the TOP500 list, as 
long as it is able to solve a set of 
linear equations using floating 
point arithmetic.

• The TOP500 rank only reflects a 
system’s ability to solve a linear 
set of equations, and it does not 
tell anything about its 
performance with respect to 
other applications.

• The list is updated twice a year
• www.top500.org

Since	June	2013

http://www.top500.org
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Presidential Executive Order
National	Strategic	Computing	Initiative	(NSCI)

https://www.whitehouse.gov/the-press-office/2015/07/29/executive-order-creating-national-strategic-computing-initiative


NSCI principles

• 				The	United	States	must	deploy	and	apply	new	HPC	technologies	
broadly	for	economic	competitiveness	and	scientific	discovery.	

• 				The	United	States	must	foster	public-private	collaboration,	relying	on	
the	respective	strengths	of	government,	industry,	and	academia	to	
maximize	the	benefits	of	HPC.	

• 				The	United	States	must	adopt	a	whole-of-government	approach	that	
draws	upon	the	strengths	of	and	seeks	cooperation	among	all	executive	
departments	and	agencies	with	significant	expertise	or	equities	in	HPC	
while	also	collaborating	with	industry	and	academia.	

• 				The	United	States	must	develop	a	comprehensive	technical	and	
scientific	approach	to	transition	HPC	research	on	hardware,	system	
software,	development	tools,	and	applications	efficiently	into	
development	and,	ultimately,	operations.
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NSCI Objectives

• 				Accelerating	delivery	of	a	capable	exascale	computing	system	that	integrates	hardware	
and	software	capability	to	deliver	approximately	100	times	the	performance	of	current	10	
petaflop	systems	across	a	range	of	applications	representing	government	needs.	
• 				Increasing	coherence	between	the	technology	base	used	for	modeling	and	simulation	
and	that	used	for	data	analytic	computing.	
• 				Establishing,	over	the	next	15	years,	a	viable	path	forward	for	future	HPC	systems	even	
after	the	limits	of	current	semiconductor	technology	are	reached	(the	“post-	Moore’s	Law	
era”).	
• 				Increasing	the	capacity	and	capability	of	an	enduring	national	HPC	ecosystem	by	
employing	a	holistic	approach	that	addresses	relevant	factors	such	as	networking	
technology,	workflow,	downward	scaling,	foundational	algorithms	and	software,	
accessibility,	and	workforce	development.	
• 				Developing	an	enduring	public-private	collaboration	to	ensure	that	the	benefits	of	the	
research	and	development	advances	are,	to	the	greatest	extent,	shared	between	the	
United	States	Government	and	industrial	and	academic	sectors.
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NSCI Participating Agencies
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• Leading:	DOE,	DOD,	NSF	
• Foundational	research	and	development:	IARPA,		NIST	
• Deployment:	NASA,	FBI,	NIH,	DHS,	NOAA

http://www.hpcwire.com/2015/07/30/white-house-launches-national-hpc-strategy/
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Has Puerto Rico ever been on the TOP500?
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Has Puerto Rico ever been on the TOP500?

One	time	back	in	November	2001!
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How to get Computing time?
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Is HPC only for Astrophysicists?
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Is HPC only for Astrophysicists?
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Does HPC has practical applications?
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Does HPC has practical applications?



HPC Myths in Popular Culture
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HPC Myths in Popular Culture
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Choosing the right tool for the right job

23



Choosing the right tool for the right job

23



Choosing the right tool for the right job

23



Choosing the right tool for the right job

23



Choosing the right tool for the right job

23
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Questions?


