1.1. Project 4: Lattice Gas Automaton

1.1.1. Motivation

Lattice Boltzmann codes are a common method fautaing flows in turbulent environments, i.e. airfluid. A simpler
version is the Lattice-Gas model where we use simpés rather than modeling the actual flow.

1.1.2. Considerations on the parallel version

The Lattice Gas Automaton is a complete applicatii@t models airflow in a two-dimensional wind tehrirhe flow is
modeled as particles rather than using gas dynaiffiis model is both simple and efficient, andbiséme degree easy to
parallelize. The idea is to model the two-dimenai@pace as a set of large matrixes of bits, whéndicates the presence
and O the absence of a gas particle. Eight mat@xesused, one representing the object in the wneel, one
representing gas particles that have no motion,séndhatrixes representing particles moving in difterent directions
(right, right-up, right-down, left, left-up, leftedvn).

Figure 1 Layout of the Lattice Gas Automaton

The simulation runs for a predetermined numbeinoé tsteps. Each such step consists of three digthases. First all
points in the space are checked to see if moredhamarticle occupies this space, indicating &sewh of two or more
particles. The object that is being tested is nedlaks a set of immovable particles. A set of dolisules determines the
implications of collisions on the particles invalveThis first step accounts for most of the timerdpon each step.
Following the collision-test, all gas particles areved in the matrixes. Finally new particles ajedted into the system.

}

}

}

=
=
=

>T<>i<>l<><
KK XK XK

Figure 2 Particle collision rulesin the Lattice gas automaton [ Orme 95]

The detection of collisions depends on the sama jpoall eight matrixes so the same part of thifeint matrixes should
be kept at the same worker-process. To move psticis necessary to access different points mithé same matrix. The



space can be partitioned along the left-right asdsthat communication is needed in four dimensanig, e.g. particles
moving right-up, right-down, left-up, and left-doviaut not straight left and right. Pseudo code lier Gas Automaton is
found in Example 1.

for(i=0; i<iterations;i++) {
Do col l'i si on check
Cal cul ate particle novenent

}

Example 1. Pseudo code for the Lattice gas automaton.

Writing a parallel version of the Lattice gas au#dom is primarily a question of dividing the magscin an efficient
manner and ensuring latency-hiding by overlappimgmunication and calculation, the collision tesieaon’t need to
be parallelized.

1.1.3. Programming Task

The solution should be implemented using RMI, aaseld on the sequential version below. The codeldtigurun on
from one through 32 nodes.

The report should identify the various choices tiamte been made as well as individual techniquashéve been applied
to improve performance. And the impact of each khba documented. In addition the scalability ofiyomplementation
should be discussed and the achieved performanee siiould be discussed.



