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Agenda

A Problem description
I Astronomical Particle Simulations

A Our Approach
A Performance evaluation
A Summary
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No.
Astronomical Particle Simulation

A Simulate evolution of the universe
I As a collection of particles

I Depending on scale, each particle represents
AGalaxy
A Star
AAsteroid
AGas blob etc.

I Particles are interacting
AMainly by gravity

I Long-range force
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Grand Challenge Problems

Hickson Compact Group 40 CISCO (J & K')

R
T he AP M G a"l a"Xy S u rvey Subaru Telescope, National Astronomical Observatory of Japan January 28, 1999

Maddox Sutherland Efstathiou & Loveday -
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Grand Challenge Problems

A Simulations with very huge N

I How I1s mass distributed in the Universe?
AOne big run with N ~ 10912

| Scalable on a simple big MPP system
ALimited by memory size

A Modest N but complex physics

I Precise modeling of formation of astronomical
objects like galaxy, star, solar system.

I Need many runs with N ~ 1065/



Speed of a node

Cluster Configuration
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Number of nodes



Numerical Modeling
A Solve ODE for many particles

dv N Cc cC
L = f(r -r.

where f 1 s gravity,

A Two main problems
I How to integrate the ODE?
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A simple way to compute RHSNO

A Compute force summation as

for 1 = 0 to N-1
s[i] =
for j to N-1

s [1i] f(x[i], x[3])

Fig. 1. A simple nested loop to computer a general force calculation.

I Each s[i] can be computed independently
AMassively parallel if N is large

AGiven i & j, each f(x[i],x[j]) can be computed
iIndependently if f() is complex
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Unrolling (vectrization)

A Parallel nature enable us to unroll the
outer-loop in n-ways

for 1 = 0 to N-1 each 4
s[1] = s[i+1l] = s[1+2] = s[1+3
for ] 0 to N-1
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I Two types of variables
Ax[i] and s[i] are unchanged during j-loop
Ax[j] is shared at each iteration
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Using Many-core Accelerators

A To use accelerators, need two programs
I A program running on host
I A program running on accelerators

A Example

I C for CUDA / Brook+

AHost program in C++

ACompute kernel in extended C+ +
I Function with appropriate keyword
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GRAPE-DR

One Chip:

512 PEs

Running at 400 MHz
8x PCI-E genl

288 MB

Consume ~ 50 W

Ranked at 277th on TOP500
Ranked at 8" on Green500



