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Why hard?

B Simulation is a model of the real world
B Simulation is always approximate, but must give insights

B Simulating real system on a classical computer takes too much time
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Approaches

B Body-body interactions
» Complexity O(n?)
» 1M bodies - 1T calculations
B OctTree based object distribution

» Complexoty O(nlog(n))
» 1M bodies - 6M calculations

B Space chunking - Current choice
» Compelxity O(ny/n)
» 1M bodies - 2B calculations
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Dehnen and Read, “N-body simulations of gravitational dynamics”
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OctTree vs Space Chunking

3D Space Division with Celestial Bodies
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X 5000 "
10000 —10000

Ughur Mammadzada 7/29



Multi-star simulations Sequential Execution

Parallel Execution

Parallel Performance and Scaling

Conclusion and Future Plan

[eIeeYolo) } 00000000 000000 0000
Complexities
Complexities lel2 Complexities
10000 f — n? (Body-Body) 1.0 — n? (Body-Body)
—— nlog(n) (OctTree) —— nlog(n) (OctTree)
—— nvn (Chunking - v chunks) —— nvn (Chunking - v chunks)
—— 2nvn (Chunking - vVn chunks) —— 2nvn (Chunking - v chunks)
8000 0.8
6000 0.6
2 o
2 El
2 =z
4000 0.4
2000 0.2
0 T 0.0
0 20 40 60 80 100 0.0 0.2 0.4 0.6 0.8 1.0
n

Ughur Mammadzada

le6

8/29



Multi-star simulations Sequential Execution Parallel Execution Parallel Performance and Scaling Conclusion and Future Plan
000000 @®0000000 000 000000 0000

Outline

Sequential Execution

Ughur Mammadzada 9/29



Multi-star simulations Sequential Execution Parallel Execution Parallel Performance and Scaling
000000 O®000000 000 000000

Conclusion and Future Plan
0000

Calculations

2D Space Division with Celestial Bodies

10000 4 Bodies
7500
B Same calculation, as in 5000 7
case of an OctTree 2500
B Leapfrog Integrator [1]: 0
> Vipos = Vi+ai* % 2500 4
» Xi+1=X+ Viios*xdt
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> Vi1 = Viyos + dito.5 * d7t
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Wikipedia, Leapfrog integration — Wikipedia, The Free Encyclopedia

Ughur Mammadzada

10/29



Multi-star simulations
000000

Sequential Execution

Parallel Execution
00®@00000 000

Parallel Performance and Scaling
000000

Conclusion and Future Plan
0000

Performance

Grid Size 8, Number of Objects: 100
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2D Space Division with Celestial Bodies
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Can be Parallel

B Generation / Input read

B Calculation itself - Done

B Object-chunk tracking - Memory intensive
B Output write

B Animation
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Workload Distribution

2D Space Division with Celestial Bodies
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Performance

Grid Size 8, Number of Objects: 10000, Workers: 2
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Comparison to Sequential
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Scaling

Average Iteration Time vs. Number of Workers (Grid Size 8, 10000 Objects) Average Iteration Time vs. Number of Workers (Grid Size 8, 100 Objects)
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LIKWID Analysis

Shell

1 attempt to index a nil value (field '?7")

stack traceback:
.../likwid-mpirun:1952: in function 'printMpiOutput’
.../likwid-mpirun:2528: in main chunk
[C]: in ?
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Overall Results

B Simulation scales overall good, but can be better

B Optimal number of nodes depends on number of objects and chunks (claim)
B Optimal number of chunks depend on the number of objects

B Real-world scale simulation might not be the best choice
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What is Next

B Checkpoints

B Further scaling analysis

B OctTree parallelization

B Overhead measurement and reduction

B 1/O parallelization

B Visualization parallelization

B On node parallelization with multiprocessing library
B Error handling
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