
PPM: Software and Applications
Software development and 
multi-physics simulations us-
ing the Parallel Particle 
Mesh library (PPM). 

A large number of problems in physics and 
engineering are most naturally described 
by particles as atoms in molecular dynam-
ics simulations, fluid elements in smooth 
particle hydrodynamics  and vortex meth-
ods, and planets in astrophysics. 

The dynamics of these systems is governed 
by the mutual interaction of the particles, 
and the computational cost dominated by 
the underlying -body problem. Alterna-
tively the interactions can be described by 
field equations, which, when discretized, 
may be solved on a grid using standard, 
efficient, parallel algorithms as multigrid 

methods In the  CSE Lab we are developing 
a Parallel Particle-mesh (PPM) library to 
facilitate the use of such hybrid particle-
mesh techniques and offer several related 
projects. 

The Master Thesis can focus on either 
Computer Science oriented projects or on 
Application of the PPM library to fluid and 
solid mechanics problems. 

Examples include development of Parallel 
multigrid solvers, discrete element solvers 
for granular systems, optimizing parallel 
communication using the Vizing Graph 
algorithm, implementation of a client for 
plasma physics, development and imple-
mentation of a molecular dynamics client 
and use of it for the simulations of nano-
fluidic systems.  

The project is open for other project initia-
tives from the students that may be suit-
able to their program of study. 

Visualization of particle systems is an im-
portant component of this project.

PREREQUISITES
Good programming experience in      
Fortran 90 
Knowledge in numerics 
Interest in large software projects      
and parallel super-computing

CONTACT
Dr. Jens H. Walther 
Ivo Sbalzarini 
Prof. Petros  Koumoutsakos
 
e-mail : petros@inf.ethz.ch
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In the CSE Lab we combine computational methods, computer science tools, and do-
main specific knowledge to solve scientific and Engineering Problems in areas such as 
Fluid Mechanics, Nanotechnology and Life Sciences. The core computational compe-
tences of our group are in particle methods and in stochastic optimization techniques.
Motivated by challenges in application fields, we focus on identifying the common ele-
ments among computational techniques and on formulating common methodological, 
algorithmic and software structures that facilitate their further development.
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A particle-vortex method simulation of turbu-
lence using the PPM - CSE Lab 2005


