1

" $%& % (%

) ) $

Trends in High Performance Computing
and the Computational Grid

Overview

SCIENCE

US DEPARTMENT of ENERGY

CISE &3

Terascale Optimal PDE Simulations
Optimizing Performance and

—SrAbS Enhancing Functionality of
Distributed Applications Using
Logistical Networking S

7
Innovative Computing Laboratory

Page 1



Moore’s Law
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H. Mauer, H. Simon, E. Strohmaier, & JD

- Listing of the 500 most powerful
Computersin the World
- Yardstick: Rmax from LINPACK MPP

AX= b, dense problem D‘ﬁ_
- Updated twice ayear
SC'xy in the States in November
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Fastest Computer Over Time
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Fastest Computer Over Time
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Top 10 Machines (November 2001)
Rank Manufacturer  Computer e Installation Site Country Year e qf # Proc
[TF/s] Installation
1 I1BM ASCI White 7.23 Lawrence Livermore USA 2000 Research 8192
SP Power3 National Laboratory
AlphaServer SC Pittsburgh .
2 Compaq ESA5 1 GHz 4.06 Supercomputing Center USA 2001 Academic 3024
SP Power3
3 IBM 375 MHz 3.05 NERSC/LBNL USA 2001 Research 3328
4 Intel ASCI Red 2.38 SandiaNational Laboratory USA 1999 Research 9632
5 IBM ASCI Blue Pecific 2.14 Lawrence Livermore USA 1999 Research 5808
SST, IBM SP National Laboratory
604E
6 Compaq AlphaServer SC  2.10 Los Alamos USA 2001 Research 1536
ES45 1 GHz National Laboratory
7 Hitachi SR8000/MPP  1.71 University of Tokyo Japan 2001 Academic 1152
8 SGI ASCI Blue 161 Los Alamos USA 1998 Research 6144
Mountain National Laboratory
9 IBM SP Power3 1.42 Naval Oceanographic Office. USA 2000 Research 1336
375Mhz (NAVOCEANO)
10 IBM S;ZO‘M"’gs 129 Deutscher Wetterdienst ~ Germany 2001 Research 1280 ,,
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Performance Development
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High-Performance Computing Directions:
Beowulf-class PC Clusters

Definition: Advantages:
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2 Enabled by PC hardware, networks and operating

system achieving capabilities of scientific workstations
at a fraction of the cost and availability of industry

2.0 12 ) standard message passing libraries. However, much
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Pentium 4 - SSE2
Today’s “Sweet Spot” in Price/Performance
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ATLAS Matrix Multiply
Intel Pentium 4 at 1.5 GHz — using SSE2
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Distributed and Parallel Systems
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The Computational Grid is...
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Computational Grids and
Electric Power Grids
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An Emerging Grid Community
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The Grid Architecture Picture

High speed networks and routers 2
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Globus Grid Services
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Broad Acceptance of Grids as a Critical Platform
for Computing

NSF’'s Cyberinfrastructure
NASA's Information Power Grid

DOE’s Science Grid
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Broad Acceptance of Grids as a Critical Platform for Computing

e On August 2, 2001,
M announced a new
rate initiative to
rt and exploit
computing.
eported that IBM
as investing $4
billion into building 50
computer server farms
around the world.

25
Grids Form the Basis of a National
Information Infrastructure
August 9, 2001: NSF
Awarded $53,000,000
to SDSC/NPACI
and NCSA/Alliance
for TeraGrid
26
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UTK’s Grid Research Effort

27
University of Tennessee Deployment:
Scalable Intracampus Research Grid SINRG
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The Knoxville Campus has two DS-3 commodity Internet and one DS-3 Internet2/Abilene connection. '
An OC-3 ATM link rout P the jationa Ti Research Center, and
Oak Ridge National Laboratory. UT several nationa
Abilene, the federd Next Generation I nternet (NG) initiative, Southern Universities Research Association (SURA)
Regional ), and Southern Ci ) 28
TheuT ameshed ATM OC-: to switched Gigabit by early 2002.
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Motivation for NetSolve
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NetSolve: The Big Picture
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No knowledge of the grid required, RPC like.
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Client
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Things Not Touched On
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Where Does the Performance Go? or
Why Should | Care About the Memory Hierarchy?

Processor-DRAM Memory Gap (latency)
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Optimizing Computation and Memory Use
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Memory Hierarchy
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Self-Adapting Numerical Software
(SANS) Effort
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Software Generation
Strategy - ATLAS BLAS
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ATLAS Matrix Multiply
Intel Pentium 4 at 1.5 GHz — using SSE2
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Machine-Assisted Application
Development and Adaptation
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CG Variants by Dynamic Selection at
Run Time
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CG Variants by Dynamic Selection at

Run Time
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ScaLAPACK
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How ScaLAPACK Works
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Self Adapting Numerical Library Routines

Stage Data tp Disk
Using IBP
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Self Adapting Numerical Library Routines
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Self Adapting Numerical Library Routines
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Example Using ScaLAPACK
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Futures for Numerical Algorithms
and Software on Clusters and Grids
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