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Development of Object-oriented Parallel Class Library
and Performance Evaluation of Benchmark Code

KENJI ONO, 1t TSUYOSHI TAMAKI, 1t SHIGEHO NODA,*
MASAKO IwATAt and TAKAYUKI SHIGETANT!

An Object-Oriented framework and class libraries with parallelism are designed and de-
veloped to enhance the construction of parallel physical simulators, which adopt domain
decomposition method. Developed parallel data class is a class library that integrates a data
structure and functions to manipulate the arrays for parallelisation. This data class can be
used in both C/C++ and Fortran language. A benchmark code, which abstracts the part
of a Jacobi iteration method for the elliptic partial differential equation, was ported using
present framework and parallelized in C++/f90 mixed language. Measured timing results on
Linux cluster showed us that the ported benchmark code using functions of the framework
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has almost the same performance and scalability of the original MPI benchmark code.
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Fig.1 Skeleton of abstracted class and class libraries in
SPHERE framework.
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Fig.2 Hierarchy chart of data class.
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SkiSolverInitialize();
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Fig.3 Launch process of SPHERE.
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Fig.4 Hierarchy chart for classes related to

parallelisation.
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int SklSolverInitialize() {
Sk1CfgGetVoxelSize(wi, wj, wk);
GetCfgVoxelDivisionMethod(nx, ny, nz);
ParaMngr.SklVoxelInit(wi,wj,wk,nx,ny,nz);
VoxelInitilize();
AllocateMatrix();
InitilizeMatrix();

return 1;
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Fig.5 Class structure related to parallelisation and behavior between solver class

and manager class.
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int SklSolverLoop(const unsigned step) { Table 1 Specification and environment of evaluation PC.
hbmtf_jacobi_(nn, P, L) CPU Intel Pentium4 6500 3.4 GHz, 2 MB cachel]
1: Chipset Intel 1945G
return 1; Memory | 2 GBODDR2 533 MHz 1 GB X 20
} OS FedraCoreb x86_64
Compiler | Intel Compiler 9.10 option = -O30
int SklSolverPost(void) {
writeFile();
4. 0D O OO
return 1;
} 00000 o0oOoDoDbOoobOooboobooooa
gbobobooobooboobbobooboobooo
subroutine hbmtf_jacobi(an, p, ...) ooooooooooboobooooboooooo

integer, dimension(3) :: start, end
©p

1 wgosa, gosa

real, dimension()
real(4)
integer :: i,j,k,loop, nn, ierr
do loop=1,nn
gosa= 0.0
do i,j,k=start(),end()
p(i,j,kK)=....
enddo
call SklCommBndCell(p, 1, ierr)
call SklAllreduce(gosa, wgosa, ...)
call BoundaryCondition()
enddo
return

end subroutine hbmtf_jacobi
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Fig.6 Configuration of RIKEN super combined cluster.
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Table 2 Specification and environment of Linux cluster in

RSCC.
cPU Intel XeonO 3.06 GHzO 512 KB cachel
2CPU /node
Memory 4 GB/node
oS RedHat 8.0 kernel 2.4.12 + SCorex
Middleware SCore 5.6.1

Inter-connect | InfinibandO 8 GbpsU

Fujitsu Linux Parallel Language
Package 1.0.0

O option = -Kfastl prefetch = 20 SSE20

spatch: Network Driverd PM/Myrinetd PM/InfiniBand

Compiler
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Table 3 Timing results for serial code on single CPU.

Code Allocation MFLOPS Array size (i, j, k)
org 77 static 1,021 256 x 128 x 128
org_f90 dynamic 907 256 x 128 x 128
org_C static 1,144 128 x 128 x 256
org_C dynamic 399 128 x 128 x 256
sph_f90 dynamic 921 256 x 128 x 128
sph-C++ | dynamic 525 256 x 128 x 128
sph_C++ dynamic 537 128 x 128 x 256
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Fig.7 Characteristic of original codes on RSCC.
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Fig.8 Parallel performance of original code on RSCC.

350 M —o—— 256x128x128

—i—— 512x256x256
300 [ —e—— 1024x512x512 »
g_) 250
el 2
LL /
S 100 . <
0

0 100 200 300 400 500 600

Nodes
09 SPHEREOOOOOOODO
Fig.9 Parallel performance of SPHERE code on RSCC.
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Table 4 Speed up ratio of original and SPHERE code on
RSCC (org_f90/sph_f90).

Nodes|256 x 128 x 128 512 x 256 x 256 1024 x 512 x 512
16 1.00/1.00 1.00/1.00 1.00/1.00
32 2.01/2.06 1.87/1.99 1.92/1.91
64 3.46/3.52 3.92/3.88 3.62/3.90
128 5.87/6.13 7.33/7.25 7.15/7.25
256 9.79/10.50 13.95/13.94 13.83/14.42
512| 13.53/14.43 23.37/21.84 28.19/23.74
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