O ldﬂ'
/ £

COSMOLOGICAL SIMULATIONS OF
THE UNIVERSE AND THE
COMPUTATIONAL CHALLENGES

Gustavo Yepes
Universidad Autonoma de Madrid

rupo de Astrofisica




Numerical simulations in Cosmology:
what are they useful for?

They help to understand

how galaxies and other
structures formed in
the Universe
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/ The Ingredients of the Universe

Heavy Elements:
©=0.0003

Neutrinos (v):
0Q=0.0047

Cold Dark Matter:

Q-=0.25
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Physical Processes in Cosmological Simulations

equations that govern evolution
d Gravity is the king

gravity is by far the strongest force on the large

scales. gravitational interactions are modelled using
Newlon's laws

a Other forces may need to be
included depending on the
composition of the Universe and
scales considered
ordinary matter, the batyons, experiences pressure
forces if compressed to sufficiently high densities.

these "hydrodynamic” forces are included in
simulations that include baryons

d The equations are solved in
expanding system of coordinates
(because Universe expands)



/ Computational Resources

U Gravity:
4+ N-body method (O(N?))
4+ New algorithms (tree, pm, etc) can scale as O (N log N)
4+ MPI implementations of N-body algorithms using domain decomposition

+ Cold matter fluctuations have contribution at all scales:
# Need to resolve many scale lenghts simultaneously,
# N> 10 particles
# RAM Memory > 10 Tbytes
# Large number of processors.> 5,000

U Gas dynamics:
4 AMR and SPH codes
4+ More demanding than pure N-body due to Courant Condition
4+ Very large dynamical range and strong shocks show up in the fluid.

U Data Storage and Visualization
4+ Huge datasets generated (4 dimensional problem)
4+ Need of access to large storage systems.
4 Parallel codes for visualization of billions of computational elements.



Capacity of professors
double every 18 months

N.Body simulations
double the number of
particles every 16.4
months

Extrapolating:
1010 particulas in 2008
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dircct summation
P°M or AP°M

distributed-memory parallel Tree

parallel or vectorized P°M

distributed-memory parallel TreePM
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