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3.1.1 Residual AlAF

Residuale]l &+ X|ujulA 2 el 2] (2.1)91 yH]o|-~
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foriface = 1 ~ total face

{

Flux[iface] = H(owner cell,neighbor cell,ny, ...)

Residual[owner cell] += Flux|[iface] x S[iface]
Residual[neighbor cell] —= Flux[iface] x S[iface]

}

13 3.3 7]¥ Residual AAF oAz =

#pragma omp parallel for schedule(guided)
foriface =1 ~ total face

{
}

Flux[iface] = H(owner cell, neighbor cell, ...)

#pragma omp parallel for schedule(guided)
foricell =1~ total cell
{
foriface = adjacent face of icell
{
If (icell==owner cell of iface)
Residuallicell] += Flux[iface] x S[iface]
else
Residuallicell] —= Flux[iface] x S|iface]
}
}
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3.2 OpenMP =A€Y
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. e e B
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‘ thr 0 H thr 1 H thr 2 |-‘ thr 0 || thr 1 H thr 2 |-| thr @ H thr 1 ‘thrz
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Abstract

Optimization on Hybrid MPI-OpenMP
Parallel Program for Conpressible Flow
Analysis Based on Unstructured Mixed Grid

KIM SANGHYEOK

Department of Mechanical and Aerospace Engineering
The Graduate School

Seoul National University

This paper deals with a hybrid MPI-OpenMP parallel optimization by
adding OpenMP to a MPI program for compressible flow analysis
based on unstructured mixed grid. Most of the flow analysis
programs based on the finite volume method use MPI parallel
method. However, when many cores are used, the parallel performance
1s decreased due to the increase of the MPI communication time ratio.
To 1mprove this, a hybrid program 1is created by applying the
OpenMP parallel method.. In the process, Race condition that occurs
when multiple threads simultaneously store values in shared memory
has been found and improved, and Hybrid parallel optimization
methods such as OpenMP scheduling and thread placement according
to the system are described. In addition, the hybrid program tested in
various grids and conditions confirmed that parallel scalability and

performance were improved compared to the MPI program.

keywords : Computational Fluid Dynamics, OpenMP, MPI,
Hybrid parallel programming, Speedup, Scalability
Student Number : 2017-26436
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