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Quick Survey i Three Questions

1) How many of you have heard of
supercomputing?

2) How many of you have heard of TACC? Of
Ranger?

3) What factor brought you here tonight?
I Interested in topic?
I Cheesy title?
I Free beer?
I Persuaded or pressured by speaker? J
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Goals of this Presentation

1) Explain what supercomputing Is

2) Il nform you about TACCO:
leadership in supercomputing

3) Convince you that supercomputing Is
Important to us all, and that Austin can be
the leader
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Motivation: It Goes Back to the
Beginning*

As the Universe expanded and cooled, € =N
atomic particles were created, the forces
of nature oOsplit, 6 an:

The resulting Universe, and everything
In it, Is governed by mathematical equations!!!

Understanding the world, and the universe, means being
able to describe it and predict its behavior.

i Our mat hematical o6l anguaged6 for d
behavior of physical systems is

Acalculus and differential equations
Astatistics and probability

I &@@ *My PhD is in astronomy, so | really go back to the beginning!



Mathematics & Science

A In science, we use mathematics to understand
physical systems.

ADi fferent fields of science
of the universe, and have their own sets of equations,
encapsulated in theories.

A Determining the theories and governing equations
requires observation or experimentation, and testing
hypotheses.
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The Math Can Be Ki

THE GRAND CHALLENGE EQUATIONS
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[Courtesy of San Diego Supercomputer Center]



..Which is Why Computing is So
Important in Science!

nNComputers
Incredibly fast,
accurate, and stupid,
humans are incredibly
slow, inaccurate and
prilliant; together they
are powerful beyond |
|l magi nati on.
I Albert Einstein

TRCC



Computing & Science

Over the past 60+ years, computers have become the
most important general-purpose instrument of science.

I every field of science is using computational resources and
techniques to complement theory and observations

I percentage of research using computing continues to climb

Many challenging problems require tremendously
powerful computers for problem size, solution speed.

I simulation-driven science requiring solutions of differential
equations in 3D space for huge numbers of timesteps

I data-driven science requiring statistical, search, and other
analysis techniques on vast data
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Not Just SI mul at i

Vastly more powerful
Instruments and computers

have led to an explosion of
new data. The End

The quest for
0 knowledge used IO s -
to begin with i |
Modern science and tobeginwith Y _—
= . . N(')witbeg'ins AREY £ |
engineering therefore is withmassive
amounts of data. g
Welcome to the J

about managing and Petabyte Age.
analyzing this data as well.
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Supercomputing

ASupercomputingo 1 s
nigh performance computing (HPC).
HPC Is accomplished via parallel computing:

ouilding systems with tens, hundreds, or
thousands of processors.

Advanced computing includes HPC and also
massive data storage, visualization, high-
speed networking, and advanced software.

ar
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Supercomputing: A practical definition

But we now use supercomputing in the general
way, like advanced computing, as well as to
mean HPC, or parallel computing.

Supercomputing Is fast computing on big
problems, often with big data and big
visualization.
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What is Parallel Computing?

Parallel computing: the use of multiple processors or
computers working together on a common task.

I Each processor works on its section of the problem
I Processors can exchange information

Grid of Problem to be solved

CPU #1 works on this areaexchange CPU #2 works on this area
of the problem of the problem

CPU #3 works on this area®*{1299¢ CPU #4 works on this area
of the problem of the problem

The catch? Need very high bandwidth and low
latencies (and a lot of disks to0)
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Why Do Parallel Computing?

A Limits of single CPU computing
I maximum performance

I total memory

A Parallel computing allows one to:

(@)

I solve problems that don

(@)

I solve problems that <can

yd

ASo we can sol veé
I larger problems
1 faster

I more cases
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Example: Modeling a Hurricane

A For modeling a hurricane region:
I Assume region of interest is 1000x1000 miles, with height of 10 miles.
i Partition into segments of 0.1 x 0.1 x 0.1 miles: 100 grid points
I Simulate 2 days, with 30-minute timesteps: 100 total timesteps
A Assume computations at each grid point require 100 instructions.
i A single timestep then requires 102 instructions.
I For two days we need 104 instructions

i For serial computer with 108 instructions/sec, this takes 10° seconds
(10 days!) to predict next 2 days!!

A REQUIRES PARALLELISM FOR PERFORMANCE TO PREDICT!
I Also requires lots of memory, which implies parallelism

A All major weather forecast centers (US, Europe, Asia) have
supercomputers with 1000s of processors!
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And this is why we created TACC!
(8 years, 8 months, and 1 day ago)
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TACC Mission

The mission of the Texas Advanced Computing
Center is to enable discoveries that advance science
and society through the application of advanced
computing technologies.
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TACC Mission

The mission of the Texas Advanced Computing
Center Is to enable discoveries that advance science

and society through the application of advanced
computing technologies.

UT Austin: What starts here, changes the world
TACC: Powering discoveries that change the world

TRCC



Ranger: World-Class
Supercomputing Capabillity
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Ranger System Summary

A Peak Performance i 579.4 Teraflops
I 3,936 Sun four-socket blades

i 15,744 AMD nBarcel onao process
A Quad-core, four flops/clock cycle
A 62,976 total processor cores

A Total Memory - 123 Terabytes
I 2 GB/core, 32 GB/node
I 123 TB/s aggregate bandwidth

A Interconnecti 1 GB/s, 1.6-2.85 nusec latency

I Sun Data Center Switches (2), InfiniBand, up to 3456 4x
ports each

I Full non-blocking 7-stage fabric
I 7.8 TB/s backplane
I Mellanox ConnectX InfiniBand HCAs
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Ranger Remains one of the Most Powerful
Supercomputing Systems in the World

Oak Ridge Mational Laboratory Jaguar - Cray XT5-HE Opteron Six Core 2.6 GHz
United States Cray Inc.

R— Ranger is #9 on the

Untted Seres = oltaire November 2009 edition
of t he nNnTOPS
Kraken XT5 - Cray XT5-HE Opteron Six Core 2.6 GHz

Cray Inc.

JUGEMNE - Blue Gene/P Solution

olution

United States

Argonne National Laboratory Blue Gene/P Solution
United States IBM

mputing Rang
; Infin

Sun Microsystems




The Highest Resolution Tiled Display
In the World: Stallion!
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