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Evaluation of HPF Using NAS Parallel Benchmarks

HiTtosHl MURAIt and YASUO OKABE't

Nowadays parallel languages such as High Performance Fortran (HPF) are attracting at-
tention again. Although previously HPF had not been comparable to MPI in performance, it
has been reported that some applications parallelized with the latest HPF compiler achieved
as high performance as those with MPI. In this study, in order to evaluate the effectiveness
and efficiency of HPF, we (1) implemented LU, CG, and MG of the NAS Parallel Benchmarks
by making the best use of the HPF features, on the principle that we only insert HPF di-
rectives into the serial Fortran program; (2) parallelized them using the most advanced HPF
compiler that supports many of the HPF specifications and has the capabilities of advanced
optimization and parallelization; and (3) measured their performance on the Earth Simulator
and a PC cluster. The result shows that we can obtain with less effort the performance com-
parable to that of MPI programs for the problems that have been considered to be difficult to
parallelize with HPF if we write the programs by fully exploiting the HPF features and use a
good HPF compiler that can produce highly efficient parallel codes for them. It can be said
that HPF is useful for parallel programming.
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DO k = 2, n-1
DO j = 2, n-1
DO i = 2, n-1
v(i,j,k) = v(i-1,5,k)
> + v(i,j-1,k) + v(i,j,k-1)
END DO
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DO k = 2, n-1
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DO i=1, N

DO j=rowstr (i), rowstr(i+l)-1
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!HPF$ DISTRIBUTE (*,BLOCK) :: aa, colidx

IHPF$ DISTRIBUTE (BLOCK) :: b, c
IHPF$ INDEPENDENT
DO i=1, N
DO j=1, rowstr(i+l)-rowstr(i)+1l
c(i) = c¢(i) + aa(j,i)*b(colidx(j,1))

END DO
END DO
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EXTRINSIC (HPF_LOCAL)

> SUBROUTINE sparse(...)
firstrow = . ; lastrow =
firstcol = . ; lastcol =

DO i =1, N
DO nza = 1, arow(i)
j = acol(nza, i)
IF (j < firstrow .OR.
> j > lastrow) CYCLE
DO nzrow = 1, arow(i)
jcol = acol(nzrow, i)
IF (jcol < firstcol .OR.
> jcol > lastcol) cycle

jj = j - firstrow + 1
DO k=rowstr(jj), rowstr(jj+l)-1

colidx(k) = ...
a(k) = ...
END DO

END DO
END DO
END DO

END
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IHPF$ TEMPLATE t2(N,np col)
IHPF$ DISTRIBUTE t2(block,block)

!HPF$ INDEPENDENT, REDUCTION (c)
DO ii=1l, np col
'HPF$ ON HOME (t2(:,ii))

IHPF$ INDEPENDENT
DO i=1, N
IHPF$ ON HOME (ttt(j,ii)), LOCAL(b,rowstr)
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END DO
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Fig.9 V-cycle in MG.
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SUBROUTINE mg3P (u,r, k)

DO k = 1t, 2, -1

j = k-1

CALL rprj3(r(ir(k)),r(ir(j)).k)
END DO

CALL psinv(r(ir(1)),u(ir(1)),1)

DO k = 2, 1t

j = k-1

CALL interp(u(ir(j)),u(ir(k)).,k)
CALL resid(u(ir(k)),r(ir(k)),k)
CALL psinv(r(ir(k)),u(ir(k)), k)
END DO

END
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Fig.11 Implementation of hierarchical data in NPB3.0
alpha MG.
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DOUBLE PRECISION ul(nl,nl,nl),
> u2(n2,n2,n2),
> u3 (n3,n3,n3)
IHPF$ DISTRIBUTE (*,*,BLOCK) : ul, u2, u3l

IF (k == 1) CALL psinv(ul,nl,...)
ELSE IF (k == 2) CALL psinv(u2,n2,...)
ELSE IF (k == 3) CALL psinv(u3,n3,...)

6.2 HPF/ESU0O0OO
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goboooobooo9obOoooomooboooon
gooooboooooooooooovoooooo
oobooooobooooocoon

RECURSIVE SUBROUTINE mg3P (u,r,k)

IF (k > 1) THEN
CALL rprj3(r,r2,k)
CALL mg3p(u2,r2,k-1)
CALL interp(u2,u,k)
CALL resid(u,r, k)
END IF

CALL psinv(r,u, k)

END
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!HPF$ DISTRIBUTE (BLOCK) :: t
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IHPF$ INDEPENDENT

DO i=1l, m
IHPF$ ON HOME(z(i)), LOCAL
tmp (i*2-1) = z (i)
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!HPFJ REFLECT tmp

IHPF$ INDEPENDENT
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