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ÅProblem description
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Astronomical Particle Simulation

ÅSimulate evolution of the universe

ïAs a collection of particles

ïDepending on scale, each particle represents 

ÅGalaxy 

ÅStar

ÅAsteroid

ÅGas blob etc.

ïParticles are interacting

ÅMainly by gravity

ïLong-range force
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Grand Challenge Problems
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Grand Challenge Problems

ÅSimulations with very huge N

ïHow is mass distributed in the Universe?

ÅOne big run with N ~ 109-12

ïScalable on a simple big MPP system

ÅLimited by memory size

ÅModest N but complex physics

ïPrecise modeling of formation of astronomical 

objects like galaxy, star, solar system.

ïNeed many runs with N ~ 106-7
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Cluster Configuration

Number of  nodes
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Big MPP cluster

for Large N problems

Cluster with accelerators

for Modest N problems
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Numerical Modeling

ÅSolve ODE for many particles

where f is gravity, hydro force etcé

ÅTwo main problems

ïHow to integrate the ODE?

ïHow to compute RHS of ODE?

ÅWe will use accelerators for this part
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A simple way to compute RHS

ÅCompute force summation as

ïEach s[i] can be computed independently

ÅMassively parallel if N is large

ÅGiven i & j, each f(x[i],x[j]) can be computed 

independently if f() is complex   
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Unrolling (vectrization)

ÅParallel nature enable us to unroll the 

outer-loop in n-ways 

ïTwo types of variables

Åx[i] and s[i] are unchanged during j-loop

Åx[j] is shared at each iteration

ïMap computation for each x[i] to PE on 

accelerators
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Using Many-core Accelerators

ÅTo use accelerators, need two programs

ïA program running on host

ïA program running on accelerators

ÅCompute kernel

ÅExample

ïC for CUDA / Brook+

ÅHost program in C++

ÅCompute kernel in extended C+ +

ïFunction with appropriate keyword

ïSeparate source code
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GRAPE-DR

Ranked at 277th on TOP500

Ranked at 5th on Green500

One Chip:

512 PEs

Running at 400 MHz

8x PCI-E gen1

288 MB

Consume ~ 50 W


