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W ERSC] NERSC Center Over-

 Funded by DOE, annual budget $28M, about
65 staff

— Traditional strategy to invest equally in newest
compute platform, staff, and other resources

e Supports open, unclassified, basic research

e Close collaborations between university and
NERSC in computer science and
computational science
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v Flagship facility for unclassified com
W ERSC)
3 DOE Office of Science

scomputational projects in all
areas of DOE science

eabout 2000 users in ~200
projects

e focus on
large-scale
computing
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2X transistors/Chip Every 1.5 years
Called “Moore’s Law™

Microprocessors have
become smaller, denser,

and more powerful.
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. Technology Trends: Microp
Capacity

Gordon Moore (co-founder of
Intel) predicted in 1965 that the
transistor density of semiconductor
chips would double roughly every
18 months.

Slide source: Jack Dongarra



W ERSC] TOP500 - Overv-

e Listing of the 500 most powerful
Computers in the World

e Yardstick: Rmax from Linpack PP performance
Ax=Db, dense problem rm
 Updated twice a yeatr:
- ISC'xy in Germany, June xy °

- SC'xy In USA, November xy
o All data available at www.top500.0rg

Rate
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W ERSC) 22nd List: The TOP10

mex . Area of
Rank Manufacturer Computer Installation Site Country Year : # Proc
[TFA] Installation
1 NEC Earth-Simulator ~ 35.86 Earth Simulator Center Japan 2002 Research 5120
ASCI Q Los Alamos
2 HP AlphaServer SC 13.88 National Laboratory USA 2002 Research 8192
X . :
3 Self-Made Apple G5, Mellanox 10.28 Virginia Tech USA 2003  Academic 2200
Tungsten i
4 Dell PowerEdge, Myrinet 0.82 NCSA USA 2003  Academic 2500
Mpp2, Integrity rx2600 Pacific Northwest
2 L Itanium?2, Qadrics Sl National Laboratory USA B RESEE T LEEs
6  Linux Networx nghtnlng,_ 8.05 Los Alamos National Laboratory USA 2003 Research 2816
Opteron, Myrinet
7 LIUXNeMwoDdypop cpster 763 Lawrence Livermore USA 2002  Research 2304
Quadrics National Laboratory
ASCI White Lawrence Livermore
8 IBM SP Pover3 7.3 National Laboratory USA 2000 Research 8192

Seaborg NERSC .
SP Power 3 3 Lawrence Berkeley Nat. Lab. USA 2002 Research -
. XOEries c Cavvi c C Viw O1e
10ﬂ IBMQuadrics Xeon 2.4 GHz 659 National Laboratory UA Research —

L2774 science
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@EDO Performance Development

UPERCOMPUTER SITES
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@EDO Projected Performance Development

UPERCOMPUTER SITES

100 PFlops
= #
o #500
1 PFlops - = Sum
— #1 Trend
Line
Line
10 TF|Dp5 | — Sum Trend
Line

1 TFlops

100 GFlops 1

10 GFlops -
L
& =

1 GFlops{ s¥
m O

100MFI0p5||'|'|II'||IIIII|I|I||||||
M <+ N O~ 0 o oo — o NS @S
@ O o O o o e o S SO =
o O 5 OO0 O Mmoo e o ClEEEEEEEEEE = = O
- - ~ T+~ = +— +— ‘& & &/ SR & o

|| 22ndList/Nov 2003 http ://www _top500.org/



A ERSC Analysis of TOPSO-

Annual performance growth about a factor
of 1.82

Two factors contribute almost equally to
the annual total performance growth

Processor number grows per year on the
average by a factor of 1.30 and the

Processor performance grows by 1.40
compared 1.58 of Moore's Law.

For more details see paper by Dongarra,
Meuer, Simon, and Strohmaier in Parallel
Computing
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4 Opportunity: Dramatic Advances
Terascale Today, Petascale To

IBM “Blue Gene”

Innovative Designs
1,000 (y—

MICROPROCESSORS

2X increase in microprocessor
speeds every 18-24 months
(“Moore’s Law”)

[EEY
-
o

PARALLELISM

[N
o

More and more processors
being used on single problem

Peak Teraflops

INNOVATIVE DESIGNS

Processor in memory
0.1 | | | ' Blue Gene
1996 1998 2000 2002 2004 2006
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% Manufacturer / Systems

Others
Hitachi
Intel
TMC
NEC
Fujitsu
Sun

HP

SGl
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UPERCOMPUTER SITES
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22nd List / Nov 2003

Architectures / Systems

hitp://'www_top500.org/

B SIMD

B Single Processor
Cluster

- Constellations
SMP

| MPP




UPERCOMPUTER SITES

@500 Clusters (NOW) / Systems
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200 1 Others
190 1 B HP Cluster
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433 The Big Architectu-

e Commodity Clusters
VS

e Custom architecture
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W ERSC) 22nd List: The TOP10

mex . Area of
Rank Manufacturer Computer Installation Site Country Year : # Proc
[TFA] Installation
1 NEC Earth-Simulator ~ 35.86 Earth Simulator Center Japan 2002 Research 5120
ASCI Q Los Alamos
2 HP AlphaServer SC 13.88 National Laboratory USA 2002 Research 8192
X L :
3 Self-Made Apple G5, Mellanox 10.28 Virginia Tech USA 2003  Academic 2200
Tungsten i
4 Dell PowerEdge, Myrinet 0.82 NCSA USA 2003  Academic 2500
Mpp2, Integrity rx2600 Pacific Northwest
2 L Itanium?2, Qadrics Sl National Laboratory USA B RESEE T LEEs
6  Linux Networx LA, 805 Los Alamos National Laboratory USA 2003  Research 2816
Opteron, Myrinet
7 LIUXNeMwoDdypop cpster 763 Lawrence Livermore USA 2002  Research 2304
Quadrics National Laboratory
ASCI White Lawrence Livermore
8 IBM SP Pover3 7.3 National Laboratory USA 2000 Research 8192
Seaborg NERSC
2 18 SP Power 3 fit Lawrence Berkeley Nat. Lab. LSA B Research B850
: xSeries Cluster Lawrence Livermore
o 'BMQuadrics Xeon 2.4 GHz £zt National Laboratory A FEEIE —
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I r— Earth Simulat

« 40 Tflop/s system in Japan

e completion April 2002

e driven by climate and earthquake simulation requirements
* built by NEC

e 640 CMOS vector nodes
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g 1 he Earth Simula\t
|

e Linpack benchn
TF/s = 87% of 4( % |
e Completed Apnil
* Driven by clima
earthquake simulation
e Built by NEC
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PC Clusters: Contrib
of Beowulf

Frr
A= rsc)

An experiment in parallel computing systems

Established vision of low cost, high end computing

Demonstrated effectiveness of PC clusters for
some (not all) classes of applications

Provided networking software

Conveyed findings to broad community (great PR)

e Tutorials and book

* Design standard to rally
community!

e Standards beget:
books, trained people,
software ... virtuous cycle

. ted from Gordon Bell, presentation at Salishan
P HHANLS) !
2
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L4aE&xa | inys’s Law: Linux E

o All source code is “open”
« Software is or should be free (Stallman)
 Everyone is a tester

e Everything proceeds a lot faster when
everyone works on one code (HPC: nothing
gets done if resources are scattered)

« Anyone can support and market the code
for any price

e Zero cost software attracts users!
« All the developers write lots of code

 Prevents community from losing HPC
Y755, Office of software (CM5, T3E)

Science
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« 1100 dual Apple G5 2GHz CPU based nodes.

— 8 Gflops/processor peak double precision floating
performance (17.6 Tflop/s peak).

— 4.4 TByte memory, 176 Thyte disk
 Infiniband Interconnect

P==" Office of
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A ERSC) Supercomputing To

« Microprocessors have made desktop
computing in 2003 what supercomputing was in
1993.

« Massive Parallelism has changed the “high
end” completely.

« Today clusters of Symmetric Multiprocessors
are the standard supercomputer architecture

« The microprocessor revolution will continue
with little attenuation for at least another 10
years.

e Continued discussion over architecture for HEC
(custom versus commodity)

P==" Office of
=4 Science
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Simulation: The Thir

AWWERSC] .
Sclence

e Traditional scientific and engineering paradigm:
1) Do or paper design.
2) Perform or build system.
 Limitations:
— Too difficult -- build large wind tunnels.
— Too expensive -- build a throw-away passenger jet.

— Too slow -- wait for climate or galactic evolution.

— Too dangerous -- weapons, drug design, climate
experimentation.

« Computational science paradigm:
3) Use high performance computer systems to

the phenomenon
 Basd on known physical laws and efficient numerical

methods.
== OFFfi F
(D sl
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Major Areas of Comp

A:RSC) . |
Simulation

e Science

— Global climate modeling

— Astrophysical modeling

— Biology: genomics; protein folding; drug design

— Computational Chemistry

— Computational Material Sciences and Nanosciences

* Engineering
— Crash simulation
— Semiconductor design
— Earthquake and structural modeling
— Computational fluid dynamics
— Combustion

e Business

— Financial and economic modeling
— Transaction processing, web services and search engines

e Defense

(6>, Ufice of _ \yclear weapons -- test by simulations

ST _ Cryptography




Global Climate Mode
Problem

W= RS )

* Problem is to compute:
f(latitude, longitude, elevation, time) 2>
temperature, pressure, humidity, wind velocity
« Approach:

— Discretize the domain, e.g., a measurement point every 10
km

— Devise an algorithm to predict weather at time t+1 given t

e Uses:

- Predict major events,
e.g., EI Nino

- Use in setting air
emissions standards

P2 Office of Source: http://www.epm.ornl.gov/chammp/chammp.html
=4 Science
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High Resolution _ _ o
Climate Modeling on Wintertime Precipitation

NERSC-3 - P. Duffy, As model resolution becomes finer, results
et al., LLNL converge towards observations

model, 300 km resolution model, 75 km resolution

latitude

120W

mnal, 50 km resolution

!




r vy COMD. Sc:ienc_e A 1QOO Yy
simulation

« Warren Washington and Jerry Meehl, National
Center for Atmospheric Research; Bert
Semtner, Naval Postgraduate School; John
Weatherly, U.S. Army Cold Regions Research
and Engineering Lab Laboratory et al.

* A 1000-year simulation [ Mo e 3 SST et S s snw)
demonstrates the ability of the _-

new Community Climate
System Model (CCSM2) to :
produce a long-term, stable S s s P S s s e
representation of the earth’s
climate.

760,000 processor hours :

used .

http://www.nersc.gov/aboutnersc/pubs/bigsplas P E s R
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r g Computational Science an
(CSE)

« CSE (or CSME) is a widely accepted label for an
evolving field concerned with the science of and the
engineering of systems and methodologies to solve
computational problems arising throughout science
and engineering

« CSE is characterized by
— Multi - disciplinary
— Multi - institutional
— Requiring high end resources
— Large teams
— Focus on community software

« CSE is not “just programming” (and not CS)

e Ref: Petzold, L., et al., Graduate Education in CSE,
SIAM Rev., 43(2001), 163-177
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@EDO Projected Performance Development

UPERCOMPUTER SITES
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The Exponential G
of Computing, 190

Frr
A= rsc)

OF COMPUTING BUYS
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$1.000 OF COMPUTING

The Exponential

of Computing, 19
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Growth of Comput
and “Mental P
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A ERSC) Megabytes-per-Ml
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4&ax@a Why | don’t share thi-

e Fundamental lack of mathematical models
for cognitive processes

— that’s why we are not using the most powerful
computers today for cognitive tasks

« Complexity limits

— we don’t even know yet how to model
turbulence, how then do we model thought

e past experience: people bring technology
Into their lives, not vice versa

— the slow rate of change of human behavior
and processes will work against this change

P==" Office of
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Moore’'s Law

A:=rsc .
The Exponential V
A
Exponential
Growth > Order of magnitude
change
o

Today Today + 3 years
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Moore’s Wal
The Real (Exponen
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W ERSC| Conclusion

e Research opportunities in bringing scientific
computing in soft computing together

e Near term:

— high end parallel computers get rapidly less
expensive and easier to use

— soft computing community is missing a scientific
opportunity by not using this technology more
aggressively

e Long Term:

— floating point intensive computational science has
driven development of current high end technology

— In order to make real progress in soft computing,
we need research into appropriate high end
755, Otfice of architectures for the task
<
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