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HPC MSC   OUTLINE 
  

  1. Introduction

  2. Algorithmic issues
  Force evaluation

Particle pushing
Data analysis

 
  3. Hardware issues

  4. Numerical analysis issues
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HPC MSC Basic Star Cluster Dynamics

"Quasi−equilibrium

"Orbital motions 106 years

"Long−term evolution 109 years

"Ratio of timescales ∝ N

"Binaries: periods down to <1s 



HPC MSC  THE N−BODY EQUATIONS 

 Complexity  : O(N3) because
  
•   N terms
•   N equations
•   ratio of time scales ∝ N
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The progress of star cluster simulations
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HPC MSC Individual time steps
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Jernigan & Porter
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Efficient if
  

•  required accuracy is low; or
•  N is huge

 

But
  
•  Accuracy requirements dictated by need to simulate relaxation.
•  N dictated by available computing time.
 

Hierarchical force evaluation: comment



HPC MSC Tree and N−body codes compared

McMillan & Aarseth
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Dealing with singularities
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HARDWARE OPTIONS

1. Workstations

"100 Mflop

"£1000

"available 24 hours

"N ~ 2000

"Many runs
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HARDWARE OPTIONS

2. General−purpose HPC

"100 Gflop

"Communications bound

"£1000000’s

"available 10% of time

"N ~ 10000

"O(1) runs
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HARDWARE OPTIONS

3. Special−purpose hardware (GRAPE*)

"1 Tflop

"£50000

"available 24 hours

"N ~ 50000

"Many runs

*GRAvity PipE
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Schematic of a simple GRAPE chip (GRAPE−3)
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GRAPE6 and Jun 
Makino

2001

100Tflop



HPC MSC GRAPE 3 Efficiency



HPC MSC

Visualisation I
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Visualisation II
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Inside the Hayden dome....



HPC MSC Exponential growth of errors

Simulations last thousands of e−folding times.

Do the results mean anything?



HPC MSC Summary

Mature subject

Driven by needs of astrophysics

Incorporates interesting mathematics

An elaborate software solution

Culture change − theorists become instrument builders

A challenging problem for numerical analysis


