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  Methods using OpenMP directives have been studied to parallelize an inherently sequential Gauss-
Seidel algorithm on shared memory computers. Both hyperplane and pipeline parallelization 
schemes have been implemented to a non-equilibrium real-gas flow simulation code. The effects of 
different parallelization strategies and grid sizes on the parallel efficiency have been investigated on 
SGI Origin and Altix systems.
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I. Introduction 
 
  Exploration of the solar system has revived an 
interest in computational simulation of 
chemically reacting flows since planetary 
exploration vehicles exhibit non-equilibrium 
phenomena during the atmospheric entry of a 
planet or a moon as well as the reentry to the 
Earth. Stability in combustion is essential for 
chemical propulsion systems. 
 
 Numerical solution of real-gas flows often 
increases computational work by an order-of-
magnitude compared to perfect gas flow partly 
because of the increased complexity of equations 
to solve. Recently, as part of Project Columbia, 
NASA has integrated a cluster of interconnected 
SGI Altix systems to provide a ten-fold increase 
in current supercomputing capacity that includes 
an SGI Origin system. Both the new and existing 
machines are based on cache coherent non-
uniform memory access architecture. 
 

 The Lower-Upper Symmetric Gauss-Seidel 
(LU-SGS) relaxation method1 has been the core 
solution algorithm for both perfect and real gas 
flow codes2-8 including Real-Gas Aerodynamic 
Simulator (RGAS)9. However, the vectorized 
RGAS code runs inefficiently on cache-based 
shared-memory machines such as SGI systems. 
Porting and optimization of the RGAS code to 
cache based machines have been performed. 
However, parallelization of a Gauss-Seidel 
method is nontrivial due to its sequential nature. 
 
 The LU-SGS method has been vectorized on 
hyperplanes in the INS3D-LU code4 that has 
been one of the base codes for the NAS Parallel 
Benchmarks10. It is possible to parallelize a 
Gauss-Seidel method by partitioning the 
hyperplanes once they are formed. Another way 
of parallelization is to schedule processors like a 
pipeline using software11. Both hyperplane and 
pipeline methods have been implemented using 
OpenMP directives. The present paper reports on 
the performance of the parallelized RGAS code 
on SGI Origin 3800 and Altix 3700 systems. 
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Fig. 7. Speedup factors of the pipeline 
method on SGI Altix 3700 system 

Fig. 8. Speedup factors for components of 
the Right Hand Side (Unrelated to Gauss-
Seidel algorithm) 

Fig. 9. Relative speedup factors of SGI 
Altix 3700 over SGI Origin 3800  

Fig. 10. Effect of grid size on parallel 
performance 


