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> N body simulation code GRACOS
Parallel computing
Load balancing techniques
Adaptive P3M algorithm
Multiple timestepping (in progress)

» Large Scale Structure
LCDM universe simulations

» Small Scale structure
Caustics
Comparison with analytic models
Implications on direct detection experiments



P3M N-body algorithm

e Gravitational Force

Total grav. force = Particle-Mesh(PM) + Particle-Particle(PP)
Long Range Force Short Range Force

PM: Long Range component using FFT

PP. Short range component, traditionally
using direct summation over close pairs of particles
Direct summation is extremely time consuming

» Equation of motion in code units

dr2  adrdr * g & B

Leapfrog integrator
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In Cell Workload

oo

FFT based solution
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The direct summation : : :
Workload becomes linear 4 | ; i ;
At high particle numbers 9 4 6 8 10 12

In Number of particles in cell




Beowulf Clusters of Computers

Parallelization: the problem of
separation of task among the
processors/nodes
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- distribution of the data
» distribution of computation

- distribution of storage

- Must all be close to uniform!
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MIT beowulf cluster: assembly and installation by:
O. Scwarz, A. Shirokov, E. Bertschinger, S. Hughes



Hilbert Curve Domain decomposition

[Pilkington & Baden (1996)] Pilkington, J. & Baden, S. 1996, IEEE Trans. Par. Dist.
Systems, 7, 288

The solution:
(independently
adopted

by gadget?2)

Introduce a curve
And the partitions

Partitions are
moving

along the curve to
adjust for change
in particle
distribution
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In number of processes

The maximum optimal number of processes
increases with the problem size
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z=0
200Mpc

Structure
universe
GRACOS
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P3M simulation
8007”3 particles

Initial conditions n=-3
2 = 350

particle weighs 3.1 x 1072 M

D, (a)
D.(1)

P(k) = Pyk™ [ ] exp(—k*12)

ke ~ 1.7 x 10% Mpc™?

The First Caustic to i

z <~ 350
L = 20pc




PM 51273 particle simulation: physical space

4 smoothing lengths
per sidelength in ICs

Many shells, - caustics
* No implied symmetry
‘Inner caustic survives

Bertschinger 1985
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PM 512”3 simulation: physical space

Analytical mode/
Bertschinger 1985




Bertschinger 1985
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PM 512”3 particle simulation: radial profile

rho, inunits of mean
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Fadial halo density profile (honzontal and vertical shifts)

1000

Self Similarity
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PM 51273 particle simulation: phase space

Bertschinger 1985
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Measuring the Detection Rate
Distribution Function
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z=330.76 ‘nstep=1
z=233.67 nstep=40
_____ z=175.18_instep=80_|
z=130.61 nstep=150
z=95.01 nstep=600

z=80.54  pstep=000
---2=-63.57-----hstep=1382
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Summary



