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Table 1 Compiler name and version
HPF HPF/SX V2 Rev.1.9.2

SX-5 OpenMP FORTRAN90/SX Version 2.0 for SX-5 Rev.280

FORTRAN |FORTRAN90/SX Version 2.0 for SX-5 Rev.280

HPF HPF/ES for PC Cluster Rev.2.0
PC cluster

FORTRAN | Intel(R) Fortran Compiler for 32-bit applications, Version 7.0
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dimension u(10,10),v(10,10),p(10,10)
IHPFS$ PROCESSORS proc (2)
IHPFS$ DISTRIBUTE (*,BLOCK) ONTO proc :: u,V,p
[ X X ]
|HPF$ INDEPENDENT
doj=1,09
doi=1, 9

u(i+l,j) = -p(i,3)*2
v(i,j+1) = p(i,3)/2
enddo

enddo
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allocate (vtemp)
doj=1, 9
doi=1, 9
u(i+l,j) -p(i,J)*2
vtemp(i,3) = p(i,3)/2
enddo

enddo
doj=1, 9
doi=1

+

vi(i,]

, 9

1) = vtemp(i,J)
enddo

enddo

deallocate (vtemp)
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IHPF$ DISTRIBUTE (*,BLOCK) ONTO proc::u,V,p IHPF$ DISTRIBUTE (*,BLOCK) ONTO proc::u,p
eeeo |HPF$ TEMPLATE , DISTRIBUTE (*,BLOCK) ONTO
|HPFS$ INDEPENDENT IHPF$& proc :: base(10,0:10)
doj=1,09 |HPF$ ALIGN base(i,j) WITH v(i,j-1)
doi=1, 9 eee
u(i+l,j) = -p(i,j)*2 |HPF$ INDEPENDENT
enddo doj=1, 9
enddo doi=1, 9
|HPF$ INDEPENDENT u(i+l,j) = -p(i,j)*2
doj=1,09 v(i,3+1) = p(,3)/2
doi=1, 9 enddo
v(i,j+1) = p(i,3)/2 enddo
enddo |HPFS$ INDEPENDENT
enddo doj=1, 9
|HPFS$ INDEPENDENT doi=1, 9
doj=1, 9 u(i,j) = x(1,3)
doi=1, 9 enddo
u(i,j) = x(,3) enddo
v(i,j) = y(i,3) |HPF$ INDEPENDENT
enddo doj=1, 9
enddo doi=1, 9
X v(i,j) = y(i,3)
enddo
enddo
(XX ]
(a) (b)
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Table 2 Calculation time and speedup ratio of SWIM

Calculation time[sec] Speedup ratio
Wlthqut wnh OpenMP Wlthqut wnh OpenMP
solution | solution solution | solution
1 505.3 294.7 283.2 1.00 1.00 1.00
2 265.9 153.3 150.4 1.90 1.92 1.88
Number of
Processors 3 183.7 109.2 103.2 2.75 2.70 2.74
4 144.4 82.3 81.4 3.50 3.58 3.48
8 81.8 51.3 48.4 6.18 5.74 5.85
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dimension a(M),is(k),il (k)
(XX ]
doi=1,%k

call sub(a(is(i)),il(i))
enddo



stop
end

subroutine sub (a,m)
dimension a(m,m,m)
ece[ | [1[10

return

end
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dimension a(M),is(k),il (k)
[ XX ]
doi=1, k
call sub(a(is(i)),i1(i))
enddo
(XX J
stop
end

subroutine sub (aa,m)
dimension aa (m**3)
allocatable a(:,:,:)
IHPFS PROCESSORS proc (NP)
IHPFS DISTRIBUTE (*,*,BLOCK) ONTO proc :: a
allocate a(m,m,m)

call subin(aa,a,m,m,m) taadO aO0O0O
ooo \gooo
call subout (aa,a,m,m,m) taldaa OO0

deallocate (a)
return
end
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SUBROUTINE interp(z, m, u, n)

L XX J

DIMENSION u(n, n, n), z(m, m, m)
IHPFS$ PROCESSORS proc (NP)
IHPFS TEMPLATE , DISTRIBUTE (*,*,BLOCK) ONTO proc :: utemp(n,n,n+2)
IHPFS ALIGN u(i,j,k) with utemp(i,j, k)
IHPFS ALIGN z(:,:,1i) with utemp(:,:,2*i-1)
IHPF$ SHADOW (0,0,2) :: z

(X X ]
|HPFJ REFLECT z

dok =2, m-1
IHPFJ ON HOME (u(:,:,k)),LOCAL BEGIN



XY g000o0ooooooooon
HPFJ END ON
enddo
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if (mm(k) .ge. NP)then

CALL interp(u(ir(k-1)), mm(k-1), u(ir(k)), mm(k))
else

CALL interp no on home (u(ir(k-1)), mm(k-1), u(ir(k)), mm(k))
endif
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subroutine subin(a,atemp,ix,iy,iz)
double precision a,atemp
integer*8 ix, iy, iz
dimension a(ix,iy,iz) , atemp(:,:,:)
IHPF$ PROCESSORS proc (NP)
|HPF$ DISTRIBUTE (*,*,BLOCK) ONTO proc :: atemp
IHPFS$ SEQUENCE a
dok =1, iz
do j =1, iy
doi=1, ix
atemp(i,j, k) = a(i,j, k)
enddo
enddo
enddo
return
end
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subroutine subin(a,atemp,ix,iy,iz,..
XX ]
call pghpf gopy in(..
do k = k$indl, k$indu
do j =1, iy
do i =1, ix
atemp$$(i,j,k) = a(i,j, k)
enddo
enddo
enddo
XX ]

call pghpf copy out (atemp$$,atemp, ..

O0000000000O0atempO000 atemp$$0 00000000 0atemp 0000000000000
0000000000000 subinOsubout 00000000 DODOO0ODOOOODOOOODOODOOODOOOOD
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Table 3 Calculation time and speedup ratio of MGRID

Calculation time[sec] Speedup ratio
HPF OpenMP HPF OpenMP
1 331.1 230.2 1.00 1.00
2 207.1 118.6 1.60 1.94
numberof s 160.3 81.1 2.07 2.84
4 141.0 63.1 2.35 3.65
8 95.2 36.0 3.48 6.39
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dimension a(M),is(k),1il (k)
dimension al(nl,nl,nl),a2(n2,n2,n2),...ak(nk,nk,nk),il (k)
L XX ]
doi=1, k

call sub(a(is(i)),i1(i))
if(i .eq. 1)then
call sub(al,il (1))
else if (1 .eq. 2)then
call sub(a2,11(2))
L LX)
else if (1 .eq. k)then
call sub(ak,il (k))
endif
enddo
XX ]

stop
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0000000000000 D00D00D0000000D00D0O0 larg=loc(arg)d argd0 0000 largd0OOnOd
%val(larg) 0 largOD 0 O0COOCOOCOOCarg0C00C0OO0OCOOO0O00O0O0O0UOOOOOOOOOOOOOOfO
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00000000 Indirect Address Quoting Method : IAQMOOODODO

C dimension a (M), is(k),1l (k)
dimension al(nl,nl,nl),...,ak(nk,nk,nk),il (k)
IHPFS$ PROCESSORS proc (NP)
IHPFS DISTRIBUTE (*,*,BLOCK) ONTO proc :: al,a2,...ak
dimension 1la (k)
la(1l)=loc (al)
Xy o)
la (k) =1loc (ak)
doi=1, k

c call sub(a(is(i)),il (1))
call sub(%val(la(i)),11(i))
enddo
stop
end

subroutine sub(a,m)
dimension a(m,m,m)
ece[ | [1010

return

end
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dimension la2 (k)
la2(1) loc(alssdl)
la2(2) = loc(a2$sdl) (aoa)
(XX ]
la2 (k) = loc(ak$sdl)
doi=1, k
C call sub(%val(la(i)),il(i),pghpf type (25),pghpf type (25))
call sub(%val(la(i)),il(i),%val(la2(i)),pghpf type (25))
enddo
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Table 4 Improvement by IAQM

Calculation time[sec] Speedup ratio
w/o IAQM IAQM w/o IAQM IAQM
1 14960.9 6841.4 1.00 1.00
2 8252.9 4265.3 1.81 1.60
Number of
Processors | 4 4458.3 2387.7 3.36 2.87
8 2511.3 1443.0 5.97 4.74
16 1682.1 1026.5 8.89 6.66
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dimension c (nx*ny*nz)
L XX J
mlag = 1 - nxny
1SOMP PARALLEL DO PRIVATE (mlag)
doi=1, nz
mlag = mlag + nxny
call sub(nx,ny,c(mlag))
enddo
ISOMP END DO
ISOMP END PARALLEL
L XX J
subroutine sub (nx,ny,c)
dimension c (nx,ny)

HPFOOOOOOOOODOOOODOOOOOOOObOoObOoObOOoboOoboobooOooOoboOobObObOoOobobooOooo
gbooooooooboobooboboboboooooooboon

dimension c(nx,ny,nz)
IHPF$ DISTRIBUTE (*,*,BLOCK) ONTO proc :: C
interface
pure extrinsic('fortran', 'local') subroutine sub (nx,ny,c)
(XX ]
end subroutine
end interface
(XX ]
|HPF$ INDEPEDENT
doi=1, nz
call sub(nx,ny,c(:,:,1))
enddo
[ XX ]

subroutine sub (nx,ny,c)
dimension c (nx,ny)

eoe
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Table 5 Calculation time and SpeedUp rate of APSI

Calculation time[sec] Speedup ratio
with with

HPF -Mnoentry OpenMP HPF -Mnoentry OpenMP
1 1495.9 1020.5 928.4 1.00 1.00 1.00
2 763.2 541.6 477.6 1.96 1.88 1.94
Number of -~ 524.3 358.9 311.6 2.83 2.84 2.98

Processors
4 388.8 267.4 235.4 3.84 3.82 3.94
8 271.0 171.2 136.6 5.52 5.96 6.80
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