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Study on speed-up algorithms of stencil programs
for low memory bandwidth CPUs

Ryoji Takaki, Yoshinori Sugisaki and Kiyofumi Suzuki

ABSTRACT

Stencil programs, which are mainly used for numerical simulations of continuum dynamics like fluid mechanics, require relatively high
memory bandwidth of CPUs. On the other hand, current supercomputers have relatively low memory bandwidth compared to high
computational performance of CPUs. It is called a memory wall problem, namely low B/F (Bytes/s per FLOP/s, FLoating OPeration/s) ratio.
This paper makes a study on how to increase computational performance of stencil programs on current CPUs whose memory bandwidth is
relatively lower. A practical methodology, which can enhance the computational performance, is proposed according to a study of a basic
performance of SORA-MA (JAXA’s new supercomputer) by a basic benchmark program. This methodology is applied to an actual stencil
program, showing an improvement of computational performance by using characteristics of SORA-MA.
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do k=1,N
doj=1,N
do i=1,N
a(i,j,k) = b(i,j,k) + S * c(i,j.k)
enddo
enddo
enddo
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type blkDataType
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type blkDataType
real(8), dimension(:), allocatable :: a,b,c
end type blkDataType

type(blkDataType), dimension(:), allocatabe :: blk

do nb=1,NB
call kernel(blk(nb)%a, blk(nb)%b, blk(nb)%sc, ...)
enddo
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subroutine kernel(a,b,c,...)
real(8), dimension(:) :: a,b,c

do i=1,N
a(i) =b(i) + S * c(i)
enddo

end subroutine kernel
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enddo
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subroutine kernel(a,b,c,...)
real(8), dimension(:,:,:) :: a,b,c

do k=1,N
do j=1,N
do i=1,N
a(i,j,k) = b(i,j,k) + S * c(i,j,k)
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enddo
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type blkDataType
real(8), dimension(:,:,:), allocatable :: a,b,c
end type blkDataType

type(blkDataType), dimension(:), allocatabe :: blk
do nb=1,NB

call kernel(blk(nb)%a, blk(nb)%b, blk(nb)%sc, ...)
enddo
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subroutine kernel(a,b,c,...)
real(8), dimension(¥*) :: a,b,c

do I=lIstart,lend
a()=b(1) + S *¢(l)
enddo

end subroutine kernel
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dok;doj;doi
[muscl op.]
enddo; enddo; enddo

dok; doj;doi
[cflux op.]
enddo; enddo; enddo

dok;doj;doi
[cfacev op.]
enddo; enddo; enddo

dok;doj;doi
[vflux op.]
enddo; enddo; enddo
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[cflux op.] enddo
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enddo [vflux op.]
enddo enddo
enddo enddo; enddo
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