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!"#$@A!

!! HPF 2.0HI@A!
–!ÊË�Ì3Í$ÎÏBÐ3MÑÒ$ÎÓ!

–!Ô6ÕÖ$EF×ØÙm!

!! HPF 2.0ÚÛ±²@A!
–!ÜÝ�Ì3ÍÎÏ!

–!ÍwÞEF�È!

!! HPF/JA 1.0±²@A!
–!ßàá�$±²!

–!âKã�äå$æ�G!

iI$C5D?>!

!! HPF/ES - çè/0123Í�!
–!HPF2.0+HPF/JA+éê±²!

!! HPF/SX - NEC SX/µ3ë�!
–!HPF/ESBìíîïeðñ�EFI/Of!

!! HPF/ES for PC cluster!

–!HPF/ESBìíîï$NECòPCÞ>wÍ�!

!! HPF/VPP - óôäVPP�!

!! fhpf - óôäò!
–!�µ3$HPFC5D?>eHPF¡¢õ¤d�ö÷f!

øÔ$C5D?>!

!! ADAPTOR!

–!W?ù$GMD�rkúûtDüµ�ÞWý?5$
HPFC5D?>!

–!HPF2.0+ÚÛ±²@A$�ñ!

!! SHPF!

–!þ3w=µ;$VCPC�rkúûtDüµ�ÞWý?
5$HPF2.0C5D?>!

!! PGHPF Compiler!

–!ÿ!PGI"�rkúûtHPFC5D?>!

–!HPF2.0+ÚÛ±²@A$#6!

ö!F!`!$!%!&!&!'!%!&!&!(!

!"#j)�EFG*%!

!!+3,-nFortranöFq.$)ÉjÜ/$MN
0�182ÎÏm«ö3}�³45qâKã
jJ�}�ueÌ3ÍÎÏf!

6!%! 6!X! 6!R! 6!7!

ö!3!Î!Ï!



!"#j)�EFG*X!

!!89Ì3Íq:;}�MN0�1<ÑÒqÈÉ
)ÉjEFG}�ueÑÒÎÓf!
–!Owner Computes Rule!

!!=&�Ì3Í>?-nC5D?><êp�@A
qB�u!

      dimension a(100,100),b(100,100) 
!HPF$ DISTRIBUTE (*,BLOCK) :: a,b 
      do j = 2, 100 
        do i = 1, 100 
          a(i,j) = a(i,j)*b(i,j)+b(i,j-1) 
        end do 
      end do 

p1:j=2,25 
p2:j=26,50 
p3:j=51,75 
p4:j=76,100 

!"#JKL!

!!CDMN0�1$�E!

!!öF$ÎÏnFF!
–! 1STöFn2STöFnuuu!

–!BLOCKnCYCLICnGEN_BLOCK!

!!EF�È$JK!
–!Ð3MnG/ná�!

!!Ð3MÑÒÎÓ$JK!

!!HIJ$�EBäå!

!!K=&�äå$LM!

CDMN0�1$�E!

!!CDMN0�1$NOnSTP)Ø1?ëq�
E}�. !

!!t4mnCDMN0�1³´QÒMN0�12$
R�S5O-nÑÒTjUV}�.!

!HPF$ PROCESSORS linear(4) ! !HPF$ PROCESSORS mesh(2,2) !

%STöF$ÎÏ!

!! BLOCKÎÏ!

!! CYCLICÎÏ!

      real a(32) 
!HPF$ DISTRIBUTE a(BLOCK) ONTO linear !

      real b(32) 
!HPF$ DISTRIBUTE b(CYCLIC(2)) ONTO linear !

p1 p2 p3 p4

a(1)~a(8) a(9)~a(16) a(17)~a(24) a(25)~a(32)

p1 p2 p3 p4

b(1)~b(2) b(9)~b(10) b(17)~b(18) b(25)~b(26)



XSTöF$ÎÏ!
      real a(8,8)!

!HPF$ DISTRIBUTE a(TYPE,TYPE) ONTO linear !

      real a(8,8)!

!HPF$ DISTRIBUTE a(TYPE,TYPE) ONTO mesh !

KWXÎÏ!

!! RYÈF$á�X�-nöFqWXjÎÏ}�
BZMN0�1$��[\<KW#j�]n^
Vã�_`<añ��u!

!! GEN_BLOCKq�btKWXÎÏ�nZMN
0�1$��cqWXj}�u!

      real a(256,256) 
      integer,parameter::m(4)=(/128,53,41,34/) 
!HPF$ DISTRIBUTE a(*,GEN_BLOCK(m)) ONTO linear !

!!xy$)É�d)naeÎÏqJ�}�B¹f
�Ì3Í>?<kg}�u!

!!Ü/$öFh$ÃîijqJ�m«Ì3Í>
?<kgm�b)ÉjkF}�u!

öF$FF!

do j =  
  do i =  
    a(i,j) = b(i+1,j-1) 
  end do 
end do !

!HPF$ ALIGN a(i,j) WITH b(i+1,j-1) !

!!C5D?>45�-lm�n�bd)jÐ3M
qEFj�Èm«opq$�brBqâK}�u!

–! ind(i)js�]<tutd)nEF�È}�Bvwx
yj)]zmb�È{|<}´û�b<nC5D?>
-ind(i)js�]<t�³.É³lm�n�b$�
Ð3MqEFGm�bu!

–!~r�nind(i)js�]<�bd)nC5D?>jÐ3
M$EFGqJK}�u!

!HPF$ INDEPENDENT 
      do i = 1, 100 
        a(ind(i)) = a(ind(i)) + b(i) 
      end do !

EF�È$JKeÐ3Mf !



!! Ð3M$Z��m�#�ãj��û�G/<t�B��
���$INDEPENDENTj-�´�bu!

–! t�MN0�1<tmpj�q���nxy}�OjÂ$MN0�
1<tmp$�q89}�³omû�bu!

–! m³mn~$G/j�m«NEW�~q}�Bn��m�j9mb
�Vq�]�«�t^nÐ3M<EFGúû�u!

–! t4mnw»>G/$d)j-nC5D?><êpãjlm}�r
B<�bu!

!HPF$ INDEPENDENT, NEW(tmp) 
      do i = 1, 100 
        tmp  = a(i) + b(i) 
        c(i) = tmp * c(i)  
      end do !

EF�È$JKeG/f!

!! Ð3M¯j©�X$ßàá�<t�Bn~$á�{
|q�^�G/j�m«-NEW�~<�n�nÐ3
M-INDEPENDENTj-�´�bu~r�nZMN0�
1<6Îã�{|q�^næ�j^MN0�1�æ
�ã�{|q�^��Â�JKq}�u!

–!©����t�rBqâK}�u!

      s = 0.0 
!HPF$ INDEPENDENT, REDUCTION(+:s) 
      do i = 1, 100 
        s = s + a(i) * b(i) 
      end do !

EF�È$JKeá�f!

      real a(100), b(100), c(100), d(100) 
!HPF$ DISTRIBUTE(BLOCK) ONTO linear::a,b,c,d 
      do i = 1, 99 
!HPF$ ON HOME(b(i+1)) 
        a(i) = b(i+1) + c(i+1) + d(i+1) 
      end do !

Ð3MÑÒÎÓ$JK!

!!C5D?>$Ð3MÑÒÎÓ<K���d
)nÌ3Í>?<�km«EF_`<�y}
�$�nÎÓ$��qJK}�u!

–!r$d)nöF(i)q:;}�MN0�1)]öF(i

+1)q:;}�MN0�1��È}��<nÌ3Í
>?c<��bu!

HIJ$�EB~$äå!

!!ÎÏöFjHIJq�Em«n~$6Îq#
�äå}�B_`<�bu!

      real a(100), b(100) 
!HPF$ DISTRIBUTE(BLOCK) ONTO linear::a,b 
!HPF$ SHADOW b(1) 
      do i = 1, 100 
         b(i) = … 
      end do 
!HPF$ REFLECT b 
!HPF$ INDEPENDENT 
      do i = 2, 99 
        a(i) = b(i-1) + b(i) + b(i+1) 
      end do !

b ......

a

b

...

......

...



!HPF$ REFLECT b 
!HPF$ INDEPENDENT 
      do i = 2, 99 
!HPF$ ON HOME(a(i)), LOCAL 
        a(i) = b(i-1) + b(i) + b(i+1) 
      end do 
      … 
      call sub ( b ) 
      … 
!HPF$ INDEPENDENT 
      do i = 1, 99 
!HPF$ ON HOME(c(i)), LOCAL 
        c(i) = ( b(i) + b(i+1) ) / 2.0 
      end do !

K=&�äå$LM !

!!C5D?>j-¦��n�bt^jÈ�û�K
=&�äåqâKãjLM}�u!

      do j = 2, maxy-1 !

        do i = 2, maxx-1 !

          isign = 1 !

          if( un(i,j) .lt. 0.0d0 ) isign = -1 !

          jsign = 1 !

          if( vn(i,j) .lt. 0.0d0 ) jsign = -1 !

          im1 = i - isign !

          jm1 = j - jsign!

!HPF$ ON HOME(fs(i,j)), LOCAL BEGIN  !

          a8 = fs(i,j) - fs(im1,j) - fs(i,jm1) + fs(im1,jm1) !

          ...!

!HPF$ END ON!

      "end do !

      end do !

LOCAL<À_�Â$Q!

!!8U�Î$t^näå}�n��<�È�$
z{j)]���u!
–! jHIJ<À_³.É³lm�n�³utu!

!!öFj�}�æ��ÎÏ<���d)nÎÏq
pãjG8}�B#�m«äå<È�ûn^V
ã�_`<�bu!

–!1üÐ3¡5$×Ùm�jêpãjG8úû�u!

      dimension a(256,256) 
!HPF$ DISTRIBUTE a(*,BLOCK) 
      call subx ( a ) 
      call suby ( a ) 
      … 
      subroutine subx ( a ) 
      dimension a(256,256) 
!HPF$ DISTRIBUTE a(*,BLOCK) 
      … 
      subroutine suby ( a ) 
      dimension a(256,256) 
!HPF$ DISTRIBUTE a(BLOCK,*) !

pã�ÎÏ$G8! RSTUVC3W!

!! RSTUV�¢£e¤¥�n¦§�f!

!!»3¨/;5©�T!

!! ª«�Îj)�¬hÎ!

!!®ã¦¯j)��h°Î!

!!�ST$�hk¥-Îw¨�M¯!

!!ä $IJÎ��EFG±A!



EFG$�²!

!! Z��j$³öFqÎÏ}�u!
–!%STCDMN0�1!

–!vÞ=ÐÑÒ$_`q´µ!

–!Z��$���$³äå<=&!

–!���ÎÏj¶�«�bäåÌ3Íc!

!!�hw¨�M$��j-nw»>G/$^¬h
jP5��<=&�t�u!
–!REDUCTIONá�!

EFG$�¯!

!!EFGq·¸ãj¹º$2vÐ�ÈÉu!
–!DIST2vÐePROCESSORS+DISTRIBUTEf!

–! IND2vÐeINDEPENDENTf!

–!SHAD2vÐeSHADOW+REFLECTf!

–!LOC2vÐeON HOME LOCAL+ENDONf!

!! HPF�-nJKLq»¼j½¾m�<´n)]�
¿�EFG<�n�À!
–!MPIj)�MNO>05O�-nr$)É�·¸ã�
EFG-Ámbu!

!! PROCESSORSJKLj)�%STMN0�1
$�EBDISTRIBUTE (*,*,BLOCK)JKL
j)�Ì3ÍÎÏqJK}�u!

!!�Âj-ninclude�Ã?ÐjÄÅ}�u!
–!Æß�ÇqmtHPFJKL$È/-��bu!

������parameter(lx=1024,ly=1024,lz=1024,lpara=64)!
      common /ci3ds1/ sr(lx,ly,lz), sm(lx,ly,lz)!

!HPF$ PROCESSORS proc(lpara)!

!HPF$ DISTRIBUTE (*,*,BLOCK) ONTO proc :: sr, sm!

ÈÉÊË2vÐ$EFG !

ÌHPF$ INDEPENDENT!
      do iz = 1, lz-1!
         do 10 iy = 1, ly!
            do 10 ix = 1, lx!
               wr(ix,iy,iz) = sr(ix,iy,iz) + sr(ix,iy,iz+1)!
               ...!
   10    continue!
      end do!
      ...!
ÌHPF$ INDEPENDENT, REDUCTION(max:wram)!
      do iz = 1, lz!
         do 20 iy = 1, ly!
            do 20 ix = 1, lx!
               ...!
               wram = max(wram, ... , ... )!
   20    continue!
      end do!

ÉÍÈ2vÐ$EFG!

!! INDEPENDENTJKLqEF�È�n�DO

Ð3Mj½¾mnEF�ÈqâK}�u!



!HPF$ SHADOW (0:0,0:0,0:1) :: sr!
!HPF$ SHADOW (0:0,0:0,1:0) :: sp!
!HPF$ SHADOW (0:0,0:0,1:1) :: se!
      ...!
!HPF$ REFLECT sr, sp, se!
!HPF$ INDEPENDENT!
      do iz = 2,lz-1!
         do 30 iy = 1,ly!
            do 30 ix = 1,lx!
               wr(ix,iy,iz) = sr(ix,iy,iz) + sr(ix,iy,iz+1)!
               wp(ix,iy,iz) = sp(ix,iy,iz) + sp(ix,iy,iz-1)!
               we(ix,iy,iz) = se(ix,iy,iz-1) + se(ix,iy,iz+1)!
   30    continue!
      end do !

Ê!`È2vÐ$EFG !

!! SHADOW+REFLECTJKLj)]äåqæ
�G}�u!
–!âKã�üN�Þäå!

–!æ��HIJj)�äåc$ÎÏ !
ÌHPF$ REFLECT sr !
ÌHPF$ INDEPENDENT!
      do iz = 1, lz-1!

!HPF$ ON HOME(wr(:,:,iz)), LOCAL BEGIN!

         do 10 iy = 1, ly!

            do 10 ix = 1, lx!

               wr(ix,iy,iz) = sr(ix,iy,iz) + sr(ix,iy,iz+1)!

               ...!

   10    continue!

!HPF$ END ON!

      end do !

ÐÑ 2vÐ$EFG!

!! LOCALJKLj)]K=&�äåqâKã
jLM}�u!

XSTYZ[\C3W !

!!ÒÓã�Particle In Cell¯!

!!Z\B?þ5$Ôp�¢£!

!!Z\�¿$��!
–!hÕ?5Ì�Þwq�bt>5ÖP�öF;Þ0w !

!! XST×;Ø5�¢£ !
–!XST�3µÙGïÚÛGï!

–!%STFFTÐ3¡5$�s×ØÙm!

EFG$�²!

!![\Ì3ÍqÎÏ}�u!
–!IJqÎÏ}�t^j-n³�]=µ��3�C3
ÌÜ5O<=&�t�u!

!!#�öF$Ý�j)]Z\�¿$EF��q
±Aj}�u!

!! XSTFFT-n1STFFTÐ3¡5$EF×Ø
Ùmj)]EFG}�u!
–!rû$EF_`<ab�´nrr45EFGm�b
BbÉÞßàot�u!

!!�Ü3ÐWedf$Ì3Í$ÎÏ-n=&jáe
«pãjG8}�u!



dÌ3Í$pãâÎÏ !

      parameter( lx=256, ly=256, no=lx*ly*100)!
      parameter( lpara=32 )!
      dimension xe(no), ye(no), rhotmp(lx,ly), rho(lx,ly)!
!HPF$ PROCESSORS proc(lpara)!
!HPF$ DISTRIBUTE (BLOCK) ONTO proc :: xe,ye!
!HPF$ DISTRIBUTE (*,BLOCK) ONTO proc :: rho!
      do j = 1, ly!
         do i = 1, lx!
            rhotmp(ix,iy) = 0.0!
         end do!
      end do !

#�öFj)�!"#G*%!

!!ZMN0�1�j¤ÎÏöFq�m«n~$
öFjreductioná�q}�u!

#�öFj)�!"#G*X!

!HPF$ INDEPENDENT, REDUCTION(+:rhotmp)!
      do i = 1, no!
         ixe  = xe(i)!
         dxe  = xe(i) - ixe!
         ddxe = 1.0-dxe!
         iye  = ye(i)!
         dye  = ye(i) - iye!
         ddye = 1.0 - dye!
         rhotmp(ixe  ,iye  ) = rhotmp(ixe  ,iye  ) - ddxe * ddye!
         rhotmp(ixe+1,iye  ) = rhotmp(ixe+1,iye  ) -  dxe * ddye!
         rhotmp(ixe  ,iye+1) = rhotmp(ixe  ,iye+1) - ddxe *  dye!
         rhotmp(ixe+1,iye+1) = rhotmp(ixe+1,iye+1) -  dxe *  dye!
      end do!
!HPF$ INDEPENDENT!
      do j = 1,ly!
         do i = 1,lx!
            rho(i,j) = rhotmp(i,j)!
         end do!
      end do !

XST##Ë$!"#G*% !
      parameter( lx=256, ly=256, lpara=32)!
      dimension rho(lx,ly),phi(lx,ly),ck(lx,ly)!
!HPF$ PROCESSORS proc(lpara)!
!HPF$ DISTRIBUTE (*,BLOCK) ONTO proc :: rho, ck!
      dimension fftsx1(lx),fftsx2(lx),lftsx3(15),!
     &          fftsy1(ly),fftsy2(ly),lftsy3(15)!
c....!
      interface!
         subroutine rfftfx ( kx, ky, fdat, fsx1, fsx2, ksx3 )!
         parameter( lpara = 32 )!
!HPF$ PROCESSORS proc(lpara)!
         dimension fsx1(kx), fsx2(kx), ksx3(15), fdat(kx,ky)!
!HPF$ DISTRIBUTE (*,BLOCK) ONTO proc :: fdat!
         end subroutine!
         subroutine rfftfy ( kx, ky, fdat, fsy1, fsy2, ksy3 )!
         parameter( lpara = 32 )!
!HPF$ PROCESSORS proc(lpara)!
         dimension fsy1(ky), fsy2(ky), ksy3(15), fdat(kx,ky)!
!HPF$ DISTRIBUTE (BLOCK,*) ONTO proc :: fdat!
         end subroutine!
      end interface !



c....!
      !rho"#$%!
c.. !* &'()*+, *!
      call rfftfx (lx,ly,rho,fftsx1,fftsx2,lftsx3)!
      call rfftfy (lx,ly,rho,fftsy1,fftsy2,lftsy3)!
c.. !* '-(.'/01( *!
!HPF$ INDEPENDENT!
      do j=1,ly!
         do i=1,lx!
            rho(i,j)=rho(i,j)*ck(i,j)!
         end do  !
      end do  !
c.. !* 2'()*+, *!
      call rfftby (lx,ly,rho,fftsy1,fftsy2,lftsy3)!
      call rfftbx (lx,ly,rho,fftsx1,fftsx2,lftsx3)!
c.. !* 34 *!
      do j=1,ly!
         do i=1,lx!
            phi(i,j) = rho(i,j)!
         end do !
      end do !

XST##Ë$!"#G*X ! XST##Ë$!"#G*R !
      subroutine rfftfx (kx,ky,fdat,fsx1,fsx2,ksx3)!
      parameter( lx=256, ly=256, lpara=32 )!
!HPF$ PROCESSORS proc(lpara)!
      dimension fsx1(kx),fsx2(kx),ksx3(15), fdat(kx,ky)!
!HPF$ DISTRIBUTE (*,BLOCK) ONTO proc :: fdat!
c....!
      interface!
         extrinsic('FORTRAN','LOCAL')!
     $   subroutine rfftf( k, ftmp, f1, f2, k3 )!
         dimension ftmp(k),f1(k),f2(k), k3(15)!
         intent(inout) :: ftmp,f1!
         intent(in) :: k,f2,k3!
         end subroutine!
      end interface!
c....!
!HPF$ INDEPENDENT!
      do iy = 1, ky!
ccc      call rfftf ( kx,fdat(1,iy),fsx1,fsx2,ksx3 )!
         call rfftf ( kx,fdat(:,iy),fsx1,fsx2,ksx3 )!
      end do!
      return!
      end !

XST##Ë$!"#G*7 !
      subroutine rfftfy (kx,ky,fdat,fsy1,fsy2,ksy3)!
      parameter( lx=256, ly=256, lpara=32 )!
!HPF$ PROCESSORS proc(lpara)!
      dimension fsy1(ky),fsy2(ky),ksy3(15),fdat(kx,ky),ftmpy(ly)!
!HPF$ DISTRIBUTE (BLOCK,*) ONTO proc :: fdat!
c....!
      interface!
         extrinsic('FORTRAN','LOCAL')!
     $   subroutine rfftf( k, ftmp, f1, f2, k3 )!
         dimension ftmp(k),f1(k),f2(k), k3(15)!
         intent(inout) :: ftmp,f1!
         intent(in) :: k,f2,k3!
         end subroutine!
      end interface!
c....!
!HPF$ INDEPENDENT, NEW(ftmpy)!
      do ix = 1, kx!
         do iy = 1, ky!
            ftmpy(iy) = fdat(ix,iy)!
         end do!
         call rfftf ( ky,ftmpy,fsy1,fsy2,ksy3 )!
         do iy = 1, ky!
            fdat(ix,iy) = ftmpy(iy)!
         end do!
      end do!
      return!
      end !

fhpf+PCÞ>wÍj)��A!

CPU Athlon XP 2200+ (1.8GHz) 
!"#  512MB 

$%&'()  Gigabit Ethernet 

OS Linux 2.4.22 
MPI mpich1.2.7 
*+,-.  Intel ifort 8.0 

!



!"#j)�MNO>05O !

1. MNO>PjPb«EFG}�6Îqã�}�.!

–! 10%$1üÐ3¡5<CPU�h$90%qäÅ}. !

2. ~$6ÎjPb«nEFG$t^$Ì3Í>?<æ
o�bÌ3ÍÎÏ�¯qã�}�u!
–! PROCESSORS, DISTRIBUTEJKL !

3. C5D?><êpEFG�n�bÐ3Mjºb«â
KãjEFGqJK}�u!
–! INDEPENDENTJKL!

4. Zåæ�GqÈÉ.  !

–! Ð3MÑÒÎÓ$½¾æl$t^$JK!

–! Ì3Í>?qæ�G}�t^$JK� !

]B^*%!

!! HPF�-nç�}�JKLqèSéÅ}rB
�nw¨�Mê?w¨�Mj·¸ãjEFGÅ
¡13ë5O<�n�u!
–!EFG$Õhq´µm«n}´ûtEF�Ajì
}�nûínEFGq~r�î^ûí)bu!

–!pq<tutd)n}ïjO$·¸jðû�u!

!!B]tñ�nÕòjÅu«³�À!
–!æó³´ôõm«MPI�K±Ûã�MNO>05
Oq}�)]n]�nHPFj)�EFGqöm«³�
º�-n÷Îjt�À!

]B^*X!

!!øùã�úû$pq�´nHPF�o÷Î�E
F�A<}´û�rB<�bu!
–!MNO>P$úû³´n�n�45äå<ür´�
bÌ3ÍÎÏq´ñ�u!

!!EFG�n«o�A<Ù�bd)<t�u!
–!ýþ$½ÿ-nÅÅÁmbu!

•! C5D?>$!"ý�03#!

–!ýþ<�³ûín¶$ã%&j¦ã�n�d)o
{ú�bu!

]B^*R!

!!Køù�úûq;ºpq-nHPF�$EFG
<ÁmbrB<�bu!
–!#'jnMPI�oEFG-Ámb<uuu!

!!¦§úût(ÈF)£q�b«b�d)�.
-nGEN_BLOCK��á�n�u!

!! FEM$)ÉjKøùúû<Yã�t�d)
-nHPF$NECéê±²�t�HALOq�b
ûín�á�n�u!


