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Cluster-enabled OpenMP: An OpenMP Compiler
for Software Distributed Shared Memory System SCASH

MITSUHISA SATO,"2 HIROSHI HARADA,T ATSUSHI HASEGAWAt
and YUTAKA [SHIKAWA?

In this paper, we present an implementation of a “cluster-enabled” OpenMP compiler for
a page-based software distributed shared memory system, SCASH on a cluster of PCs, which
allows OpenMP programs to run transparently in a distributed memory environment. The
compiler transforms OpenMP programs into parallel programs using SCASH so that shared
global variables are allocated at run time in a shared address space of SCASH. A set of
directives is added to specify data mapping and a loop scheduling method which schedules
iterations onto threads associated with the data mapping. Our experimental results show
that the data mapping gives a great impact on the performance of OpenMP programs in the
software distributed memory. The performance of BT and SP, in NAS parallel benchmark
program suite parallelized by OpenMP was improved by our extended directives.
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Fig.1 Overview of Omni OpenMP compiler system.
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(_G_a)[10] = (*_G_x);
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Fig.2 Indirect pointer reference to shared variables.
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01 RWP PC Cluster II0 Pentium Pro 200 MHzO 256 MB memory Myrinet
networkO LinuxO0O0 000000 00000O0O00O0OO

Table 1 Exectuion time (sec) and speedup of RWP PC Cluster II (Pentium Pro
200 MHz, 256 MB memory, Myrinet network, Linux).

No. of nodes seq 2 8 16 32
lap/BLK | 17.74(1) | 14.30(1.24) | 7.84(2.26) | 4.69(3.78) | 2.88(6.16) | 1.79(9.91)
lap/RR 17.74(1) |  49.39(—) | 33.88(—) | 20.15(—) | 12.87(1.38) | 10.15(1.75)
cg/BLK 83.79(1) | 48.90(1.73) | 29.49(2.84) | 20.86(4.02) | 18.08(4.63) | 19.65(4.26)
cg/RR 83.79(1) | 55.20(1.52) | 33.88(2.47) | 23.33(3.59) | 18.83(4.44) | 19.73(4.24)
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!$omn mapping(u(*,*,block,*))
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do j =1, grid_points(2)-2
do i =1, grid_points(1)-2
u(i,j,k,m)=u(i,j,k,m)+rhs(i,j,k,m)
end do
end do
end do
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Table 2 Specification of SCore cluster III.
CPU : Dual Pentium IIT 800 MHz
Chip Set ServerWorks III LE
Memory Registered SD-RAM 512 MB
NIC : Myrinet M2M-PCI64A-2,

Intel Ether Express 100 Pro
oS : RedHat 6.2

Linux kernel-2.2.17

!$omp do schedule(affinity, array(i))
do i=0, 100
array(i) = array(i) + 1
end do
!$omp end do nowait
!$omp do schedule(affinity, array(i))
do i=1, 99
array(i) = array(i) + 2
end do
!$omp end do
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