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HPF/SX V2HPF/SX V2%KL%KL
� NEC SXMN*OPQHPF)�RS�
� TUVW12&78

� NXFMY�Z[\12H*�%TU]^
� _2`abcde�56fghi%TUjI

� HPF2.0kl`mnopqrqstuklZvw*G
� C�sHPF x]tukloHPF/JAtukl
� yz{|((}~����)PQ�Ttukl

� �������$PQ456�o��*���78
� 12&=>N�Go12&=>���6�*�
� l�s456����MY�

� ���PQ78
� DV�`���Z3�����*�����8
� SX%��3��%12<Z�6F���3��8

� EFGH&
� �}��N12&� *+�¡
� VW��N12&� *+¢¡

4

A(1:25)

4*£

A(26:50)
A(51:75)
A(76:100)

%>sxhpf test.hpf

DIMENSION A(100)
!HPF$ DISTRIBUTE A(BLOCK)

DO I=1, 100
S = S + A(I)

END DO
WRITE(*,*) S
END

¤ 4*£%_¥¦�Z§*¨�©mª«

¬ ���)�RS�`Qc

Fortran+MPI)*+�TU®�p¯o°
`FORTRAN90/SX`±²³´oN�F

�� ! "#����$

���	
� �����	
����`±c����$µ¶S�*�`±c����$µ¶S�*�

·¸¹����6v¢%deº
)�RS��TU®�

·.¹�»¼%Vj½�¾��*Hº
)�RS��TU®�

·"¹�4*£%_¥¦�º
§*¨%¿Àd²

SX

9:
mpirun �host  0  �np 4 ./a.out
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)�RSH¦�)�RSH¦�

� )�RS�%ÁU

�F��)�RS�ÂÃ�f��GÄ�+ÅÆÇÈÉ¡

��Hf)�RS�ÂÃ�SXÊË¡

� ÌÍfgSHÎ

�������	
�������� �

���������	
�������� �

*.F90*.f90TÏÈÉ

*.F*.hpf
*.f

*.for

ÐÑÈÉ

Ò»¼Ó²Ò»¼s�
Ô ³´;��MY�Õ

Ö°�8

Ô ×Ø%ÙÚoÛÛ�Ø!#��
MY�ºÜ�ÕÝsÞß

6

Cs)�RSH��MY�Cs)�RSH��MY�

�àáâ�âàáâàã¿ÀäZåæ·456��¹-Mnoindependent

çèéêF��ëì�456��¹-Msubchk
�dí�6F%îïëì�456��¹-Mcommonchk

9:;%Ä�*�ð6FZñò·ó�;%<8ôÑ�¹-Mnoentry

Ñõp¯coö6�p¯�ÞsÞ_2Zb÷�àâøÖùúûü-Mnomapnew
Ñõp¯c�ý�ÖùZb÷�àâøÖùúûü-Mscalarnew
þÑ%MfGde�56fgvSO�#��¡ZÖ°bc-Moverlap=size:n
12&=>N�GZìÍbc-Mlist2
���6�*�ZìÍbc-Minfo
�*�ZÐÑÈÉ·þÑ�¹�TÏÈÉú��ûü-Mfixed/free
�*�%,:Z,��ä�qÕúbc·ÐÑÈÉ%ÙÚ`}	¹-Mextend
�
�ã��à�	
�`±c³´Zñò·µ¶;)�RSH;¢��¹-Mftn

����MY�
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9:9:¦�¦�
� 9:�mpirun)ö�+Õ¿Ñ¡

� '

#9:fgSHa.outZo4����Õ129:
mpirun �np 4 ./a.out

#9:fgSHa.outZo��G0�Õo4����129:
mpirun �host 0 �np 4 ./a.out

#��G0�Õ8����o��G1�Õ8����%o16129:
mpirun �host 0 �np 8 �host 1 �np 8 ./a.out

#HPF��MY�-commmsgIÝÕo4����129:
mpirun �np 4 ./a.out -hpf -commmsg

mpirun [MPI��MY�]  9:fgSHÎ [�ù�]  [HPF��MY�]

8
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���	
������	
����������%�Ê���������%�Ê��

,× )*+%FN*��6�

�× �%H*�Z12&bc��c
� ��9:)�G%�ÞH*�

�× _2%ö6���Z��c
� 12&bcH*�`a�bc !Õö6�

�× ���)�RS�Õ³´��"c

#× 12&=>N�Go���6�*�Z$�o¿ÀäZ©mo%&
� _2%ö6���%©mo%&

� 12&�8ÕÓc'ú·��àáâ�âàáâàã¹(dey�ÕÓc'ú·
à)�
*
+�*¹�Z,Àbc¿Àä%©m

� -%.%¿Àä(�
�ã��à�	
�)�RS�¿À:©m

/× �ª%0o1Z2²3bß

10

_2%ö6���%��¦_2%ö6���%��¦

� �%H*�Z12&bc��c

�45ú49:)�G%�ÞH*�

�6789Z:;��ÞcH*�

� 12&bcH*�ÕêF��p¯c_2% !Zö6�

�<=H*�%ÙÚod>º
?6�@ZEFGH9:
?6é@Z12&
bc%�45ú4	A�

�< !_2%ÙÚo��NêF��%BC<Dod>º
?, !EZEFGHêF��
?67 !Z���`±²VW
bc%�45ú4	A�

DO I=1,N       ! 12&
DO J=1,N

A(J,I) = ....

ö6�
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¼F�s12&R£�¼F�s12&R£�

��8sDGo'%È`HIJ±ü
H*�KLs�%MÝLnZ:5�Nü�±Þ

!HPF$ DISTRIBUTE  A(*,*,BLOCK)

DO K = 1, N
DO J = 1, N

DO I = 1, N
A(I,J,K) = ...  

END DO
END DO

END DO

67 !ÕVj
, !EºVj�sÞ

�EFGHêF��%��¡

Vj�� !ZêF��bc
H*��O¡Z12&

���Õ12&bcH*�º
6é@`

6�@ºEFGH&Õ
BCêF��úsc±ü
, !E��¡ÕqPb

12

12&(ö6���%¿À%©m12&(ö6���%¿À%©m·,¹·,¹

� ���6�*�`QE %>sxhpf -Minfo filename.hpf
�üqJ12&ÕÝ�H*�`º
Rindependent loop parallelized �S%�6�*�

�de�¶®bcTU`º
Rexpensive communication �S ! )�G��Þde

Rforall is scalarized: complicated communicationS ! )�G��Þde

RArray xx not aligned with home array; array copiedS V�W�w�NX%)�*

�%�6�*�

�YZú��[nD¯c'ú\
� _2%ö6���ú12&p¯cH*�ú%a�%y]Ú
^ ö6���Z$_b

� )�RS��H*�%12&�8<Z$`¯�ÞsÞ
^ �àáâ�âàáâàã)�àâø)��âáa+ã�
à�Z¿À

� )�RS�%:;ö6����ybc

^ 

à��
�â)�*
+�*�Z¿À
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12&(ö6���%¿À%©m12&(ö6���%¿À%©m··dd¹¹

� 12&=>N�GD|(Zeì·,¹
%> sxhpf �Mlist2 filename.hpf Õ12&=>N�Gfilename.lstZ®�

�12&ÕÝsÞúfÑp¯�H*�%eì

� K`o)�G%�ÞdeZgüÙÚo�ð6F�h�

� ijH*�k�G`l�m ·12&p¯�¹ö*F%�Þ�H*��Ó²od
e�sÞÙÚº|(sÞ

�12&�8n�12&p¯s5�H*�%eì
� deZgPsÞÙÚºo|(sÞ'ú�<Þß

%>grep �<S>� filename.lst
(   57) <S>--------------- do ij=2,ibar*2,2

%>grep �<N>� filename.lst
(   44) <N>--------------- do i=0,ib

(131) <P>--------------------- do k=1,ibar
(132)  |  <S> ---------------- do n=1,n

14

12&(ö6���%¿À%©m12&(ö6���%¿À%©m·�¹·�¹

� 12&=>N�GD|(Zeì·�¹��
� de¶®TU%eì

� ìÍfo*ö6G

� deR£�ú��ºopq%4%�Óc
ö6���(DISTRIBUTE¿Àä�)%©m½%&(INDEPENDENT¿Àä`±c1

2&oON HOME, LOCAL¿Àä`±cderss�ÕtuÕÝcÙÚ4<Þ

%> grep COMM:  finename.lst
COMM: SCL [u] [LINO: 137 in filename.hpf]

COMM:  deR£� [ÖùÎ] [LINO:  :�v in fgSHÎ]

_2%W�w�NX%)�*ßdeawúoH*�12&%�x_2ú%¢`o
ö6���%y]Ú�ÓcÙÚ�`¶®ß

CPY

y"!z{ 	
¸"!!{ ß¢|êF��H*��Õ¶®�ode)�G��ÞÙÚ�<ÞßG/S
���deß_2�aw%ÙÚºode)�G��Þ���ð6F�h�SCL

NXFMY�ß12H*�%é@`®�p¯�ÞcsDd>(\Z@sÞß12
H*�%�@sDREDUCTION}IINDEPENDENT¿Àä�}	

RED

MfGdeß)�G�~Þ%Õ|(sÞßSFT
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12&(ö6���%¿À%©m12&(ö6���%¿À%©m·�¹·�¹

SUBROUTINE SUB(A,inew,iold)
REAL A(100,100,2)

!HPF$ DISTRIBUTE A(*,BLOCK,*)
DO j=1,100
DO i=1,100

A(i,,j,inew) = A(i,j-1,iold)+A(i,j,iold)
ENDDO

ENDDO

inew == iold%; 12&y�

�pq%'Õºo/#{� V��/��0ÕÓc'úZ�5�Þ¯Go
�àáâ�âàáâàã¿ÀäZ¿Ñbc'ú`±²12&�8

����������·/)�)/#{�¹����·/)�Û,)/��0¹��·/)�)/��0¹

����,����·/)��,)/#{�¹����·/)�)/��0¹��·/)��,)/��0¹

SUBROUTINE SUB(A,inew,iold)
REAL A(100,100,2)

!HPF$ DISTRIBUTE A(*,BLOCK,*)
!HPF$ INDEPENDENT,NEW(i)

DO j=1,100
DO i=1,100

A(i,,j,inew) = A(i,j-1,iold)+A(i,j,iold)
ENDDO

ENDDO

%>grep �<S>� filename.lst
(    4) <S>----------- do j=1,100

%>grep �<S>� filename.lst
%>grep �<P>� filename.lst
(    5) <P>----------- do j=1,100

-Mlist2

-Mlist2

1
2
&
a
w

1
2
&
a
w

16
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'('()*+)*+,�,�C�DC�D

V��S�4*£��, !_2
parameter(np=139264,ndim=np+2,isteps=3)
real*8, dimension(ndim)  ::vx,vy,vz,am,fx,fy,fz,pot,presx,presy,presz,rx,ry,rz

! �S�H*�:  _2rx,ry,rz%���%�ê%�`a���¼�Z:;
! �S�H*�ºistepsvSFH��9:p¯c

do j=1,np   
do i=1,np

if(i.ne.j)then
xij0 = rx(i) � rx(j)
...              

xij = 0.5d0 * (sign(1.d0,0.5d0*xcel-abs(xij0))+1.d0)*xij0 ......
...

rij = dist(xij,yij,zij)
...

fx(j) = fx(j) � fijxp
...

pot(j) = pot(j) + p
presx(j) = presx(j) + presijxp
...

enddo
enddo
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'('()*+)*+,,·,¹��·,¹��_2%ö6���Z��c_2%ö6���Z��c

� �S�%H*�

12&awH*�`a�bc !Õ_2ZVW

do j=1,np  ! 12&aw
do i=1,np

if(i.ne.j)then
xij0 = rx(i) � rx(j)

:
fx(j) = fx(j) � fijxp

:
enddo
enddo

!hpf$  distribute (block) :: vx,vy,vz,am,fx,fy,fz,pot,presx,presy,presz
!hpf$& ,rx,ry,rz V��C:

á�
ã���aãâ¿Àä��_2Z���6v�`ö6�
�*
+O�����`Vj

20

'()*+'()*+,,·�¹�·�¹�12&ode��%�ð6F12&ode��%�ð6F,,

� Û�Ø!#oÛ�/#Ø�oÛ��/�!����MY�IÝÕ³´

� ìÍp¯c���6�*�

%>sxhpf -Mftn -Minfo -Mlist2 sample1.F

54,   Independent loop
14 FORALLs generated

73,   Independent loop ! 12&�8úTUfÑp¯�
Independent loop parallelized : am(n)      ! 12&p¯�

:
128, Independent loop

Array rx not aligned with home array; array copied ! W�w�NX%)�*
:

Independent loop parallelized : rx(j)
communication is generated: array copy ! Ñ��sde�¶®��

:

:�v

Û�Ø!# �����`±c³´%"Z:Þ�� ! "#`±c³´Zñò�)�RSH;¢}�%��¹
Û�/#Ø� �����6�*�Z¶:
Û��/�!� ��12&=>N�G�"���{,×��!ZìÍ
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'()*+'()*+,,·�¹�·�¹�12&ode��%�ð6F12&ode��%�ð6F��

� 12&=>N�GfgSH �"���{,×��! `±c�ð6F

�12&��
%>grep �<S>� sample1.lst            ! 12&ÕÝsÞúfÑp¯�

%>grep �<N>� sample1.lst            ! 12&�8n�12&p¯s5�

�de��
%>grep �COMM:� sample1.lst
COMM: CPY [rx] [LINO: 128 in sample1.F]      ! _2rx%W�w�NX%)�*

COMM: CPY [ry] [LINO: 128 in sample1.F]             ! _2ry%W�w�NX%)�*

COMM: CPY [rz] [LINO: 128 in sample1.F]             ! _2rz%W�w�NX%)�*

COMM: RED [potsum] [LINO: 170 in sample1.F]    ! �ý�potsum`abcNXFMY�
:

�4ìÍp¯sÞ%Õ|(s�

��ý�`abcNXFMY�º|(s�ß
�de¶®%�6�*�CPY(128:E)Z�ð6F

22

'()*+'()*+,,·�¹�·�¹�de¶®ÙU%��de¶®ÙU%��

128, Independent loop                               ! 12&�8sH*�úfÑp¯�

Array rx not aligned with home array; array copied ! W�w�NX%)�*
:

Independent loop parallelized : rx(j)            ! rx(j)Z�xú��12&p¯�

communication is generated: array copy ! Ñ��sde�¶®��
:

�W�w�NX%)�*�¶®bc,��:E%H*� ·�S�H*�¹

!hpf$ distribute (block) :: rx,fx,....       

128)   do j=1,np   ! 12&
do i=1,np   ! ��`a�/º,�#�

if(i.ne.j)then
xij0 = rx(i) � rx(j)

:
fx(j) = fx(j) � fijxp

:
enddo

H*�_Ò`W�w�NX%)�*¶®

12&p¯cH*�·�¹�%�2²
3�Õ �%��%�����p
¯�Þc��o����6v�-
¯ ¯o �%�ËZh�úbcß

 �ºoá�
ã���aãâ¿ÀäÕ
���6v¢`VWp¯�Þ
c��odeºh�ß
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'()*+'()*+,,·#¹�·#¹��[�[����)�RS�)�RS�%ÖÈS�*�%ÖÈS�*�

� ®�p¯cdeúW�w�N_2%S�*�
!hpf$ distribute (block) :: rx,fx,....       

do j=1,np
do i=1,np

if(i.ne.j)then
xij0 = rx(i) � rx(j)

:
fx(j) = fx(j) � fijxp

allocate(rx_tmp(1:np))
comm. (rx_tmp¡ rx)
do j=lbd,ubd ! 12&
do i=1,np

:
xij0 = rx_tmp(i) � rx(j)

HPF`±c12&¢

����6v�`oW�w�N�£¤p¯c��oÜ���N�º¥¦

24

'()*+'()*+,, ����<8�<8�

2.954255.399.72139.4715.2852.516
1.358255.699.7270.687.83102.48
0.437256.099.7235.813.98201.64
0.164256.099.7217.921.99402.62
0.074256.099.728.960.99806.41
0.064256.099.749.00802.1�§12¡

��N·y�¹EFGH¨EFGH&A·©¹y�*
�

�{{0a�ª«;¢·�¹à¬�×��Ø�� �¸×

DISTRIBUTE¿Àä2
¿Àä�´:ù��*�z ���:®

���¿Àä �:·�×�©¹

�á�
ã���aãâ¿Àäºo�
C:%��d:

·
�Û�<8�[�¹
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'()*+'()*+����C�DC�D

V��S�4*£��� !_2
parameter(ibar=636,ib=ibar+2,isteps=3)
real*8, dimension(0:ib,0:ib,0:ib) :: u,v,w,p,un,vn,wn,co,cov

V��S�H*�· {0Û.�"¸��¹
V�¯°bcqÕ%��9:Z�vSFHú�o-¯�isteps-1vSFH9:p¯c

do k=1,ibar,2
!CDIR NODEP   !  EFGH&Z±²bc³´�sÞµZ,Àbc�
�ã��à�	
�¿À:

do n=1,n1
i=li(n)   V�, !E¶�·¢|êF��¹
j=lj(n)   V�� !E¶�·¢|êF��¹
div = (u(i,j,k)-u(i-1,j,k))*rdx+(v(i,j,k)-v(i,j-1,k))*rdy+(w(i,j,k)-w(i,j,k-1))*rdz
dp = -co(i,j,k)*div
u(i,j,k)= u(i,j,k) + cov(i) *dt*dp*rdx
u(i,j,k) = u(i-1,j,k) �cov(i-1)*dt*dp*rdx

...
p(i,j,k) = p(i,j,k) + dp
dmax = max(dmax,abs(div))

enddo
!CDIR NODEP

do n=n1+1,n2.....
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'()*+'()*+��·,¹�·,¹�_2%ö6���Z��c_2%ö6���Z��c

� �S�%H*�

12&awH*�`a�bc !Õ� !_2ZVW

do k=1,ibar,2   ! 12&aw
!CDIR NODEP

do n=1,n1        ! EFGH&aw
i=li(n)
j=lj(n)

:
u(i,j,k) = u(i,j,k)+cov(i) *dt*dp*rdx

:
enddo

:

!hpf$ distribute (*,*,block) :: u,v,w,p,un,vn,wn,co
á�
ã���aãâ¿Àä��_2Z���6v�`ö6�
�*
+O�����`Vj o ·���VW�sÞ

28

'()*+'()*+��·�¹�·�¹�12&ode��%�ð6F12&ode��%�ð6F,,

� Û�Ø!#oÛ�/#Ø�oÛ��/�!����MY�IÝÕ³´

� ìÍp¯c���6�*�

%>sxhpf -Mftn -Minfo -Mlist2 sample2.F

40,      Independent loop  ! 12&�8sH*�úTU�`fÑp¯�
:

147,    Distributing inner loop; 2 new loops
expensive communication: scalar communication... ! �)�Gsde
expensive communication: scalar communication... ! �)�Gsde

:
181,    Distributing inner loop; 6 new loops

:
forall is scalarized: complicated communication ! §Ñ�%de

:
260,    Distributing inner loop; 3 new loops

:
expensive communication: scalar communication... ! �)�Gsde

�C�sH*�DVº�#0{�{#0{#!�����ÕÓcúfÑÕÝ�¸D
¹o12&4p¯�ÞsÞß
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'()*+'()*+��·�¹�·�¹�12&ode��%�ð6F12&ode��%�ð6F��

� 12&=>N�GfgSH �"���{�×��!�`±c�ð6F
%>grep �<S>� sample2.lst   ! 12&ÕÝsÞúfÑp¯�H*�Zeì

(      67) <S>------------------ do ij=2,ibar*2,2
(      68) <S>------------------ do i=1,min(ibar,ij-1)

:
(    131) <S>------------------ do k=1,ibar
(    132) <S>------------------ do n=1,n2
(    147) <S>------------------ do n=1,nll

:
(    257) <S>------------------ do k=1,ibar,2
(    260) <S>------------------ do n=1,n1
(    277) <S>------------------ do n=n1+1,n2

%>grep �COMM:� sample2.lst    !de=>Zeì

COMM: SCL [u] [LINO:  147 in sample2.F]      !  _2u`abc���de
:

COMM: CPY [dp] [LINO:  260 in sample2.F]   !  W�w�NX%)�*

30

'()*+'()*+��·�¹·�¹ 12&y�%H*�%�ð6F12&y�%H*�%�ð6F·,¹·,¹

�12&=>fgSH�"���{�×��!
(    67) <S>------ do ij=2,ibar*2,2
(    68) <S>------ do i=1,min(ibar,ij-1)
(    69)                                  j=ij-i
(    70)                                  if (j.le.ibar)then
(    71)                                      n = n+1
(    72)                                      li(n)=i
(    73)                                      lj(n)=ij-i:
�·�����º,¹�#�#�,ºoH*�%Ò%23�%�ZÜ5�Þc%
Õ12&ÕÝsÞ
���p¯�Þc_2�/)��ºo�`ö6�p¯�ÞsÞ%ÕoH
*�º12&p¯¹ode4¶®�sÞßC�DVÕsQ¯
G12&p¯�ÞsJ�4-¯N�|(ºsÞß·»`12&
��ÞÙÚºoì¼bc_2Zö6�bch��Óc¡
�.`4��·º�)º:Eo#)/:E¹oiR£�%H*�Ó²
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'()*+'()*+��·#¹�·#¹�12&y�%H*�%�ð6F12&y�%H*�%�ð6F·�¹·�¹

!hpf$ independent,new(n,i,j)
do k=1,ibar
do n=1,n2

i=li(n)
j=lj(n)
co(i,j,k) = orc/(dt* ....

�.`4��·,º),��:Eo��,)���:E¹oiR£�%H*�Ó²

(  131) <S>---- do k=1,ibar
(  132) <S>---- do n=1,n2
(  133)                               i=li(n)
(  134)                               j=lj(n)
(  135)                               co(i,j,k) = orc/(dt* 
(  136)                      &            ( rdx2*(cov(i-1)+cov(i))
(  137)                      &            ( rdy2*(cov(j-1)+cov(j))
(  138)                      &            ( rdz2*(cov(k-1)+cov(k)) ) )

�ö6�p¯�_2co%VW !·½ !E¹`a�bcH*��Õ12&�8

12&�8úfÑÕÝ�ÞsÞ·l
m¹%Õo�àáâ�âàáâàã¿ÀäZ©m

32

'()*+'()*+��·/¹�·/¹�12&y�%H*�%�ð6F12&y�%H*�%�ð6F·�¹·�¹

!hpf$   independent,new(k,n,i,j,div,dp),reduction(dmax)
do k=1,ibar,2

!CDIR NODEP
do n=1,n1:

u(i,j,k)= u(i,j,k) + cov(i) * dt*dp*rdx
:

dmax=max(dmax,abs(div))

(257) <S>----- do k=1,ibar,2                !  �S�H*�:
(260) <S>----- do n=1,n1

COMM: RED [p] [LINO: 261 in sample2.F]                
(261)                              i=li(n)
(262)                              j=lj(n)

:
(267)                              u(i,j,k)= u(i,j,k) + cov(i) * dt*dp*rdx

:
(274)                              dmax=max(dmax,abs(div))

Öù0�"�`abcNXFMY�·6¦�¹Z[\�o12&�8
�âáa+ã�
à}IÝ�àáâ�âàáâàã¿ÀäZ¿Ñ

�.`4��·�º)�:Eo��/)��º:E¹oiR£�%H*�Ó²
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'()*+'()*+��·º¹�·º¹�12&y�%H*�%�ð6F12&y�%H*�%�ð6F·�¹·�¹

(  147) <S>---- do n=1,nll
(  148)                               i=ll1(n)
(  149)                               j=ll2(n)

:
(  151)                                  u(i,j,0)=-u(i,j,1)
(  152)                                  v(i,j,0)=-v(i,j,1)

:
(  156)                                  u(i,j,ibar1)=-u(i,j,ibar)        ! ibar1=ibar+1

�Ã¾»¼%H*�ßá
 #%H*�%¿sc2²3�Õo_2¬)À%ij�
��Ñõp¯c�8<�Óc%Õo�Á�`ºo12&y�
�á
Öù·#¹ú_2%ö6�p¯� !·¬)À%� !E¹�a���ÞsÞ

���Z����6v�9: ^ de�¶®
147,  Distributing inner loop; 2 new loops

expensive communication: scalar communication... ! �)�Gsde
:

�u(:,:,0)úu(:,:,1)ou(:,:,ibar1)úu(:,:,ibar)úºod>i����6v�`Óc%Õ

oÊcºdey� ·ÂÃ`���6vù�<JsÞÙÚ¹

à¿ÀÄä�*
+�*}%¿ÑÕde%rs��8

34

'()*+'()*+��·�¹�·�¹��[�[����)�RS�)�RS�`±cÖÈS�*�`±cÖÈS�*�

� Ã¾»¼ÕÅìbcR£�

do n=1,nll
i=ll1(n)
j=ll2(n)

u(i,j,0) = -u(i,j,1)
:

u(i,j,ibar1)=-u(i,j,ibar)
:

k=j
u(i,0,k) = -u(i,1,k)

:
enddo

��23�Z����6v�9:
� ����6v�:;aw%4*£Zh�úbc

�23�®Õ�ÆÌäÇ`í�*+ÈÉ�G¶®

do n=1,nll
:

broadcast. (u_tmp1 ¡ -u(i,j,1))
if(u(i,j,0)Z�5�Þc) u(i,j,0) = u_tmp1

:
broadcast. (u_tmp2 ¡ -u(i,j,ibar))
if(u(i,j,ibar1)Z�5�Þc)u(i,j,ibar1)=u_tmp2

:
broadcast. (u_tmp3 ¡ -u(i,1,k))
if(u(i,0,k)Z�5�Þc) u(i,0,k) = u_tmp3

:
enddo

HPF`±cÖÈ¢�*�
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'()*+'()*+��·¹�
à·¹�
à¿ÀÄä%ÊÌ¿ÀÄä%ÊÌ

do n=1,nll
i=ll1(n)
j=ll2(n)

!hpf$ on home(u(:,:,0)), local begin
u(i,j,0) = -u(i,j,1)

:
!hpf$ endon
!hpf$   on home(u(:,:,ibar1)),local begin

u(i,j,ibar1)=-u(i,j,ibar)
:

!hpf$ endon
k=j

!hpf$ on home(u(:,:,k)), local begin
u(i,0,k) = -u(i,1,k)

:
!hpf$ endon

enddo

�ON¿ÀÄä`±²o9

:���6vZ,À
�LOCAL}`±²de�

y�ÕÓc'úZ,À
�Ã¾»¼DV%	A�
ËÞÙÚºoON¿ÀÄ
ä+LOCAL}�}	s

ÙÚ�<Þ
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'()*+'()*+��·,�¹��·,�¹��12&ode��%�ð6F12&ode��%�ð6F��

� ÌÍÛ�Ø!#)Û�/#Ø�)Û��/�!���MY�IÕ³´

� -Minfo��MY�`±c���6�*�
40,    Independent loop

:
131,  Independent loop parallelized : co(:,:,k)

:
241,  Independent loop parallelized : u(:,:,k)
257,  Array w not aligned with home array; array copied

Reduction call .reduce_maxval emitted for variable dmax
Independent loop parallelized : w(:,:,k)

:
�12&�8sH*�º��12&p¯�ß
��)�Gsde·{��{#�/À{�¸���¬#/¸"!/�#¹4ÎÏ
��#º:E%_2)�*Z�ð6F

%>sxhpf -Mftn -Minfo -Mlist2 sample2.F
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'()*+'()*+��·,,¹��·,,¹���[�[ ����������`±cÖÈS�*�`±cÖÈS�*�

� �#º:E%_2)�*%�6�*�`a�bcH*�
!hpf$   independent,....

do k=1,ibar,2
do n=1,n1

i=li(n)
j=lj(n)

:
w(i,j,k)=w(i,j,k) + ...
w(i,j,k-1)=w(i,j,k-1) � ....

:
enddo
enddo

comm_shift. (w)
w_tmp = w
do k=lbnd,ubnd,2

:
w(i,j,k)=w(i,j,k) + .... 
w_tmp(i,j,k-1)=w_tmp(i,j,k-1) �....

:
enddo
comm_shift (w_tmp)
w = w_tmp

HPF`±c12&¢

�_2�%VWp¯�Þc !%�����¹¯�¸²odeºh�
�Ñõp¯�Þc��W�w�N`¥ÝLnD¯oMfGde%"%ÙÚ±²�)�G

w

w

w_tmp
copy

copy

Processor0

w

w

w_tmp
copy

copy

Processor1

w

w

w_tmp
copy

copy

Processor2

shiftde shiftde

shiftde shiftde

buffer buffer buffer
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'()*+'()*+��·,�¹���·,�¹���12&ode��%�ð6F12&ode��%�ð6F��

� 12&=>N�GfgSH �"���{�×��!
%>grep �<S>� sample2.lst   ! 12&ÕÝsÞúfÑp¯�H*�Zeì

(      67) <S>--------- do ij=2,ibar*2,2   ! VW_2Z[qsÞÐÑ&H*�

(      68) <S>--------- do i=1,min(ibar,ij-1) ! VW_2Z[qsÞÐÑ&H*�
:

(    132) | <S>--------- do n=1,n2

%>grep �COMM:� sample2.lst   ! de=>Zeì

COMM: SFT [u] [LINO:  180 in sample2.F]    ! _2u`abcMfGde
: 

COMM: RED [dmax] [LINO:  257 in sample2.F]    ! �ý�dmax`abcNXFMY�

� MfGúNXFMY�pé%deºÎÏ

(130)                                    !hpf$ independent,new(k,n,i,j)
(131) <P>--------------------- do k=1,ibar
(132)  |  <S> ---------------- do n=1,n

�12&�8sH*�ºo��12&p¯�Þcß
�,��:Eºoi�%H*�k�G`12&p¯�H*��Óc%Õ|(s�ß
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'()*+'()*+�� ����<8�<8�

20.9252.999.9147.0411.7571.616
19.1254.099.9224.416.15136.88
18.1254.799.9314.063.55236.64
17.7254.899.937.491.89444.32
18.0255.099.933.890.98855.31
16.0255.799.933.95841.0(§12)

��N·y�¹EFGH¨EFGH&A·©¹y�*
�

�{{0a�ª«;¢·�¹#¬�×��Ø�� �¸×


à¿ÀÄä/

�àáâ�âàáâàã¿Àä/

á�
ã���aãâ¿Àä,

¿Àä�´:ù��*�z �//:®
���¿Àä ,�:·�×/©¹

·
�Û�<8�[�¹
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����

� ���	
�����

� ���	
����������

� �� ! "#����$%���&'

�'()*+,%���&

�'()*+�%���&

� �-. /012&%3�

� 456�78

� 9:;<8=>%?@

� AB)*+C�D%EFGH&'

� IJ
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�
��Õ%�Õ%����������$9:����$9:·,¹���"!·,¹���"!12&12&

·"¹���¼���6vÒ,��������·��"!12&¹

� *+�12½ *+¢12�M*$Ó�s%ÕÔÕ

�����Öú`��N�×Ø¢úsc��o��N%Î
Ù��¦ÝÞ

�}��N �}��N

 *+

�¼���6v

�������
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�
��Õ%�Õ%����������$9:����$9:·�¹��-. /0·�¹��-. /012&12&

·.¹�� *+Ò,��������·�-. /012&¹

� *+�ºo�
�ã��à�	
�%TU�}12&·�¬�!/�
ãz {"012&¹Z:ü

�����ù�uc��o����Ç`jIQD¯ch
i%ù4u²o��N%ÎÙ��ÚpÞ

�¼���6v  *+�������

Thread Thread Thread Thread Thread Thread Thread Thread

TU�}12 TU�}12

�}��N �}��N
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�-. /0�-. /012&%¦�12&%¦�
·"¹���"!12&%ÙÚ

� )�RSH

� 9:��Yí�FN�G¡

·.¹��-. /012&%ÙÚ
� )�RSH

� 9:��Yí�FN�G¡

%> sxhpf sample.hpf %> sxhpf �P auto sample.hpf

�HPF����ù(�ª%ÙÚ1)ú�}12ù(�ª
%ÙÚ8)%Û�oCPUùZÜnsÞ±ü`!!ß
�F_RSVTASKZ¿Ñ�sÞÙÚo *+�%�CPU
��}12`3�p¯cß

#!/bin/sh
mpirun �np 8 ./a.out

#!/bin/sh
F_RSVTASK=8
export  F_RSVTASK
MPIEXPORT=�F_RSVTASK�
export MPIEXPORT
mpirun �np 1 ./a.out

�ÂÃÖùF_RSVTASKÕ�}12ùZ¿Ñ�opD`
MPIEXPORT`oF_RSVTASKZ¿Ñbc

�F90/SX%)�RSH�6�*�(�ÝN�GZ���
oh�`�j�F90/SX%)�RS�¿À:Z©mbc
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'()*+'()*+,,%%�-. /0�-. /012&12&·,¹·,¹

� �
�ã��à�	
�%�6�*�Õ�}12&��Z
�ð6F

%> sxhpf -P auto sample1.F
f90: vec(1) : sample1.F, line 54: H*��ËZEFGH&bcß

:
f90: mul(1) : sample1.F, line 128 : PARDO��MY�`±²DOH*��12&p¯�
f90: vec(1) : sample1.F, line 129: H*��ËZEFGH&bcß
f90: mul(10) : sample1.F, line 167: TU12&`±²o12�Cmain_$1�®�p¯�
f90: vec(1) : sample1.F, line 170: H*��ËZEFGH&bcß

�,��:E%H*�·ÐÑ&DV¡péº�}12&p¯�ÞsÞ
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'()*+'()*+,,%%�-. /0�-. /012&12&·�¹·�¹

� �}12&aw%H*�ºo���=H*�ÕÓ²oH*�¨�¨Þ%
Õo�}12&úEFGH&%Þ¦:ü'ú��8

� ���%12&`±²H*�¨�Öù`s²o³´;`y,úsc��oEF
GH&%":P¯o�}12&p¯sÞ

!CDIR  SELECT(CONCUR)
do n=1,np 

vx(n) = vx(n) + dt*fx(n)/am(n)

Fortran)*+
do n=1,np     ! H*�¨ÕÓcÑùnpº§>`¦ÝÞß

vx(n) = vx(n) + dt*fx(n)/am(n)

do n=lbnd,ubnd !  H*�¨ºnp/���6vù `ÖÈp¯c

vx(n) = vx(n) + dt*fx(n)/am(n)
��
�ã��à�	
�%)�RS�¿À:V+á���
â*â+ã·+
à+a�¹ZÊÌ�o�
}12&Zßàbc'úZ¿À

���`±cÖÈ
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'()*+'()*+,, ����"!����"!12&12& À×�À×�×��-. /0×��-. /012&12&

�9:<8ºNúá�ij
���N�ºo�-. /012&%¦�âã�`}3
�����Ç`£¤p¯cW�w�N_2%ù�u
c��· �*���¹

0.438255.599.7252.1Hybrid(2HPF*8�})
2.954255.399.7252.5Flat(16HPF)

��N(GB)EFGH¨EFGH&Aª«;¢(s)1612

�
�Û�<8�[�¹
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Ìä\'()*+Ìä\'()*+,,%%ÖÈS�*�ÖÈS�*�

� ®�p¯cdeúW�w�N_2%S�*�
!hpf$ distribute (block) :: rx,fx,....       

do j=1,np
do i=1,np

if(i.ne.j)then
xij0 = rx(i) � rx(j)

:
fx(j) = fx(j) � fijxp

allocate(rx_tmp(1:np))
comm. (rx_tmp¡ rx)
do j=lbd,ubd ! 12&
do i=1,np

:
xij0 = rx_tmp(i) � rx(j)

HPF`±c12&¢

����6v�`oW�w�N�£¤p¯c��oÜ���N�º¥¦
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'()*+'()*+�� ����"!����"!12&12& À×�À×�×��-. /0×��-. /012&12&

�Û��"¬!���MY�nQÕ���}12&p¯c
�9:<8º��"!12&%Nü�åæçè
���N�ºo�-. /012&%¦�åæ}3

18.00244.999.8875.7Hybrid(2HPF*8�})
20.88252.999.9171.6Flat(16HPF)

��N(GB)EFGH¨EFGH&Aª«;¢(s)1612

�
�Û�<8�[�¹
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��"!��"!12&ú12&ú�-. /0�-. /012&%ÜÞVQ12&%ÜÞVQ

�Hybrid12&`±²<8P��ÑéÕÝcÙÚ
�de)�G��Jo�����ù%¥m`ê5�ode)�G4¥mbc

')C�D`_2%NXFMY�Z[\

�Hybrid12&`±²��Ntu�ÑéÕÝcÙÚ
�������`ëìp¯cvSO%¦Ýs_2�(§*¨_2íºW�w�
N_2ú��)ì¼bc

�_2NXFMY�%ÙÚoëìp¯�§*¨_2�ì¼
�'()*+1%ÙÚoëìp¯�W�w�N_2�ì¼

�-¯pé%ÙÚºo±²�îsFlat12&�¸ï�

!HPF$ DISTRIBUTE W(*,*,BLOCK)
:

DO J=1,N         ! �}12 :ó�12
DO K=1,N    ! VW12 :NXFMY�: �}12&bcú<8~q

DO I=1,N  ! EFGH&
A(I,J) = A(I,J) + W(I,J,K)

50

����

� ���	
�����

� ���	
����������

� �� ! "#����$%���&'

�'()*+,%���&

�'()*+�%���&

� �-. /012&%3�

� 456�78

� 9:;<8=>%?@

� AB)*+C�D%EFGH&'

� IJ
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456�78�456�78� �ù8Ú�ù8Ú
',¹�ê+Ó�ð� '�¹�9�ùúñ�ù%È��¿sc

real a(100,100)                          real a(10000)
!hpf$ distribute a(*,block)                   call sub(a,10)

call sub(a(1,i))                                 :
:                                             subroutine sub(a,n)  

subroutine sub(a)                       real a(n,n)
real a(100)                        !hpf$ distribute a(*,block)

�9:;`Ä�*�¶®���C(aw�ù%=>ZòÀ

óñ�ùÎó��à�#�{ô¬{#!/"� 0¬��-�"  "-�/��"���¸/"!{0��/!z�"  "-�
{�{�{#!�� ��¸"�" �"¸!¬"�×����
y�ó�CÎó�â*à�ó:�vó

óñ�ùÎó��á¬��-�" õ¬�{#!� "#��0/ØØ{ � Ø ���"¸!¬"�×���
y�ó�CÎó�
â*à�ó:�vó

'�

'�
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456�78456�78�����dí�6F�dí�6F

'1) ö6���¿Ñö¯ '2)ÜPsÞ�CÕ÷øñò
common /com/ a(100,100)                        common /com/a(100),b(100)

!hpf$ distribute a(*,block) !hpf$ distribute (block) :: a,b
end                                                            end
subroutine sub                                           subroutine sub 
common /com/a(100,100)                         common/com/ a(100)   

!hpf$ distribute (block) ::a 

�³´;��MY�ÛÛ�¸����#¸z�`±²o9:;`Ä�*Zëì�o�CÎ(
_2ÎZòÀ
�Ê��MY�ºo��%�C`a��¿Ñbch�Ó²ß

'�

'2

�#¸�#�/�!{#¸-�0{!{¸!{0�/#�!z{��"��/#õ�"!! /.¬!{ �Ø�¸����#�À" /".�{�
.{!�{{#�ù�CÎú "#0�ù�CÎú ��ù_2Îú /#�	�dí�6FÎ	

�#¸�#�/�!{#¸-�0{!{¸!{0�/#�!z{�#¬�.{ ��Ø�{���/¸/!�-��"��{0�"  "-� �Ø�¸����#�
.��¸��.{!�{{#�ù�CÎú "#0�ù�CÎú ��ù_2Îú /#�	�dí�6FÎ	
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456�78456�78�� çèéêF��çèéêF��

� çèéêF��ëì78

�³´;��MY�-MsubchkZ¿Ñbcú9:;`çèéêF
��%}åZ�ð6F

�12&oEFGH&%±²Z�8s~²rs
�çèéêF��ëì;o_2Îo:�v�%=>Zûüí

ºýþ�Ä�*�6�*�ú��ìÍ(þÑ�ºûü)ß9:
;��MY�-hpf �subchk fatal   Z¿ÑbcúoçèéêF��
ëì;`9:7�p�c'ú4ÕÝc
ù_2Îú /��"¸¸{��{0��¬!��Ø�0{¸�" {0�.�¬#0� "��#õ�©0�!z 0/��
��
y�ù�CÎú â*à�ù:�vú

real a(100,100)
!hpf$ distribute a(*,block)

do i=1,10000
a(i,1) = ...

enddo

real a(100,100,100)
!hpf$ distribute a(*,*,block)

do k=1,100
do i=1,10000

a(i,1,k) = ...
enddo
enddo

�VW !±²Ò%ÙÚº�8

mpirun �np 8 ./a.out �hpf �subchk fatal

54

456�78456�78���àáâ�âàáâàã���àáâ�âàáâàã¿Àä¿Àä�¿Ñ�¿Ñ

� ³´;��MY�-Mnoindependent`±²INDEPENDENT¿Àäºåæp¯cß

� Ê��MY�`±²89�&>`s5�ÙÚºoINDEPENDENT¿Àä%�¿Ñ�
YZ%�8<�¦ÝÞß

'1) ³´%ÓcH*�X%INDEPENDENT¿Àä%¿Ñ
!hpf$ independent

do i=1,n
L= L+1 ! LºÒ%23�%�ZÜ���Þc%ÕdoH*�º12&ÕÝsÞß
a(i) = L

enddo

'2) REDUCTION}%¿Ñ4¯
!hpf$ independent

do i=1,n
do j=1,n

a(j)=a(j)+b(j,i)  ! _2aºNXFMY�%³´�Óc%ÕREDUCTION}%¿Ñ�h�
enddo
enddo

�**ZÎ��oH*�ÊËZú"·/¹���*%ÐÑ� ��/ú úMÝ_�G12&�8

³´;�6�*�(12&=>N�GÕo12&y�úfÑp¯�H*�(NXF
MY�H*�Z�ð6Fbc'úÕo�5�INDEPENDENT¿ÀäZ�Ý��D¯cß

��àáâ�âàáâàã¿ÀäZÎbo�àáâ�âàáâàã)��âáa+ã�
à·"¹`%&bc
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456�78456�78#�#�-%.-%.

� 456�:

� �CÃ¾Õ%de¶®

�
�ã��à�	
�úil`oVV·TÏÈÉ¹o··ÐÑÈÉ¹Õ�qc:Z456�:ú]^
�o��MY�`±²Q	:ú��ûüo}	säú��ûüZ`²
nD¯cß

'¹�víH*��@%de¿Ñö¯`±²í�*+ÈÉ�G¶®

real a(100)
!hpf$ distribute a(block)

call sub(a)
:

subroutine sub(a)
real a(100)   

ùñ�ùÎú��+���¬#/¸"!/�#��¸¸¬ � "!�� �¸{0¬ {�.�¬#0" -���
y�ù�CÎú
â*à�ù:�vú

�9:;��MY�ÛÛz�Ø Û¸�����õ Z¿Ñ
bcúo�CÃ¾Õde�¶®��ÙÚo
aw_2ú�CÎZòÀ

þÑ�ÕºQ	:o³´;��MY�-MdlinesÕ}	sä

*      write(*,*)A

mpirun �host  0 �np 8 ./a.out �hpf -commmsg
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9:;<8=>%?@9:;<8=>%?@

C`��%��

� �����
y�à���������$�Ë%=>

� Ø! "¸{ ���CÇ%=>

� :;�C ����%¢%9:;¢·ª«;¢¹
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�����
y�à�·,¹������
y�à�·,¹�

� ����$�Ë%K<=>ZìÍ
�9:;¢oEFGH&Ao��NÜ���¡

� ³´½N�F;`K×s��MY�¿Ñy�

� �*+�ðê%=>Z3�bc%Õ�*5�6+�sÞ

� 9:;`ÂÃÖù MPIPROGINFZ¿Ñ

shÈÉ\ MPIPROGINF= {YES|DETAIL|ALL|ALL_DETAIL} 
export  MPIPROGINF

cshÈÉ\setenv MPIPROGINF  {YES|DETAIL|ALL|ALL_DETAIL} 
YES             \ �Ê=>�Ý�ÈÉ:6¦½6Ú½���¡

DETAIL        \��=>�Ý�ÈÉ:6¦½6Ú½���¡

ALL              \�Ê=>�tuÈÉ:�����%=>¡

ALL_DETAIL\��=>�tuÈÉ:�����%=>¡
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�����
y�à�·�¹������
y�à�·�¹� òÀ'òÀ'

������������������� !��"
########################
$� %"�� �!���%��&�%'���������(��!  !))����(*!��)!+%,

-)�.�)�/� �����0����1%��%���"�����������!��23��45�����������23��45���67%���%
##########################

3%�)���8!�% 9�%1:�����������"������;0<,=>;�2;5������;0<,==>�2>5������;0<,=?=
@�%����8!�%�9�%1:�����������"������;0A,AB;�2?5������;0<,?=B�2=5� ;0<,>=A
CD� %��8!�%�9�%1:�����������"��������>,>E;�2;5��������>,=>0�2?5� >,>FA
G%1 ���8!�%�9�%1:�����������"�������;B,;B?�2;5�������0=,AFB�2>5� ;F,?>A
��� �&1 !���H�&� �����������"��=0;F0>;>B0<�2>5��=E;FE<><?EB�2=5� =0FE=AE<B=F
G%1 ������ �&1 !���H�&� ����"����EABE?<><F�2;5����B>0B?>0A<�2>5� E<<B>><AA
G%1 ���I)%�%� �H�&� ��������"��00<AE=?;B<E�2;5��00FF<EFE?;E�2>5� 00F;BFEBBA=
*JK��H�&� ������������������"��==;0FBEF<0=�2;5��==;E><<=;0?�2=5� ==;E>;E0E<A
�K�C������������������������"������?FA,B?;�2>5������=>>,;>F�2=5� ?FF,?=B
�*JK�C "�������B0,=>>�2;5�������B0,=A>�2?5�������B0,==>
67%���%�G%1 ���J%�� � "�������A0,0=B�2>5�������AA,<;<�2;5�������AB,;AE
G%1 ���K�%�� !���3� !��9�:��"�������B0,0?>�2=5�������BE,0?B�2>5�������B0,<0B
�%���D��!+%�&�%'�9�L:�������"�������<?,<B=�2>5�������<?,<B=�2>5� <?,<B=
���C������������������������"�������A>,>AF�2>5�������A=,FE>�2=5� A?,BF<
��� �&1 !���H�1�%��!���9�%1:"��������>,0?;�2>5��������>,0;<�2?5� >,0?F
K�%���'�����H�1�%��!���9�%1:"�������<B,?E;�2>5�������<B,=>A�2;5� <B,?AF
L��4�����H���)!1 �8!�% 9�%1:"��������?,EFE�2?5��������?,B>>�2;5��������?,EFA

6Ú� 6¦� ���
�MPIPPROGINF=DETAIL���=>(Ý�ÈÉ))
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� �CÇ`o9:�ùÅ9:;¢ÅEFGH�;A�%=>
Z����×`òÀ

� �C×`�*+5���Z£]�8
� �C×`de=>4�?òÀ�8

�3K-,@$�8��*3IM@I$HN��IOHJ@C�GI�������6GI3,8��I����K�C��*JK�C�G,K���6GI3,��PH6HQI
8��I2�%159����:����2��%15���������������368�K�G,JI$����CC����,,,

.& �����������=0<>>>���?0?,?B;9�=;,E:�����>,EBF��=>A,?��??>,=�=>,==��?E,>��?,>=A;

.) � =0<>>>���?;B,E009�==,A:�����>,EE?��=?F,E��??;,<�=<,<E� ?F,?��>,?=;=
,,,,
RS�

�3K-,@$�8��*3IM@I$HN��IOHJ@C�GI�������6GI3,8��I����K�C��*JK�C�G,K���6GI3,��PH6HQI
8��I2�%159����:����2��%15���������������368�K�G,JI$����CC�

.& �����������=0<>>>���?0?,?B;9�=;,E:�����>,EBF��=>A,?��??>,=�=>,==��?E,>��?,>=A;

.) � =0<>>>���?;B,E009�==,A:�����>,EE?��=?F,E��??;,<�=<,<E� ?F,?��>,?=;=
,,,,

�����Ç`o��%�
Þ�C�`1÷�òÀ�8
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Ø! "¸{·�¹���-. /0Ø! "¸{·�¹���-. /012&%ÙÚ12&%ÙÚ

� TU�}12&p¯�H*�Õ�`o9:�ùÅ9:;
¢ÅEFGH�;A�%=>Z�Ó6+×úÚ:ÕòÀ

�3K-,@$�8��*3IM@I$HN��IOHJ@C�GI�������6GI3,8��I����K�C��*JK�C�G,K���6GI3,��PH6HQI
8��I2�%159����:����2��%15���������������368�K�G,JI$��

��CC����,,,

.& �T=����������=0<>>>���?0?,?B;9�=;,E:�����>,EBF��=>A,?��??>,=�=>,==��?E,>��?,>=A;
P�!1��?���������?EE>>�����<,<=;9��?,E:�����>,EBF��=>A,=��??>,;�=>,==��?E,>��>,>?B;
P�!1��=���������?EE>>�����F,0>=9��?,B:�����>,B>A��=>A,>��??>,0�=>,=B��?B,>��>,>F0B
P�!1��;���������?EE>>�����F,0?B9��?,B:�����>,B><��=>B,A��??>,=�=>,=B��?B,>��>,?><F
P�!1��0���������?EE>>�����<,FB=9��?,E:�����>,EA<��=>0,>��?><,B�=>,==��?E,>��>,>FFA

,,,,
.) �T;����������=0<>>>���?;B,E009�==,A:�����>,EE?��=?F,E��??;,<�=<,<E��?F,?��>,?=;=
P�!1��?���������?EE>>�����<,E0>9��?,0:�����>,EE?��=?F,B��??;,F�=<,<E��?F,?��>,>>;A
P�!1��=���������?EE>>�����<,F<E9��?,E:�����>,E<>��==?,;��??E,E�=<,B=��=>,?��>,>>;B
P�!1��;���������?EE>>�����F,>>=9��?,E:�����>,E<?��==>,F��??E,;�=<,B=��=>,?��>,>?FF
P�!1��0���������?EE>>�����<,BA09��?,0:�����>,EB>��=?B,=��??=,=�=<,<E��?F,?��>,>>;=

RS�

�Ó6+×`ôÑ89Z1÷�òÀß

�}12&p¯�H*�ºo
�H*�Z[\�CÎ$�v�úÞü

ÎÒ%��%�Cú��òÀp¯c
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Ø! "¸{·�¹�Ø! "¸{·�¹� 3�¦�3�¦�

� ³´;
�³´;��MY� �ftraceZ¿Ñ

'\ %>sxhpf �ftrace test.hpf
� òÀ

�9:¢oìÍp¯�fgSHftrace.out.*`a��osxftrace)
ö�+Z�F��)�RSHÂÃ`�)9:

%>sxftrace �f  ftrace.out.*
or

�9:;`oÂÃÖù F_FTRACEZ�Ñ
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:;�ù:;�ù

� FORTRAN90/SX%tu��"�CetimeoíºHPF�
�:;víH*��HPF_WCLOCK�3��8

��ù%�ºDOUBLE PRECISION
���%wS�GÕ=>Z@D¯cß
�12H*��`ºMQsÞß
�HPF_WCLOCK%Ü��4il(�

�oHPF_WCLOCK%ÙÚo���
�6v%�²�Z�ýp�c��o
de�¶®bcß)

double precision t1,t2 

call etime(t1)
!HPF$ independent

do i=1, N
...

end do
call etime(t2)
write(*,*) t2-t1

double precision t1,t2

call etime(t1)
!HPF$ independent

do i=1, N
...

end do
call etime(t2)
write(*,*) t2-t1

double precision t1,t2 

call etime(t1)
!HPF$ independent

do i=1, N
...

end do
call etime(t2)
write(*,*) t2-t1
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AB)*+%EFGH&úVWí�6F AB)*+%EFGH&úVWí�6F (1)(1)

!hpf$ processors p(npe)
!hpf$ distribute x(block) onto p

double precision x(n),rho(m)
rho = 0.0
do i=1, n

ix = x(i)
rho(ix)= rho(ix) + f(ix)
rho(ix+1)=rho(ix+1)+g(ix+1)

enddo
CPU1

�Ù4*£º����6v`ëì
�AB4*£º���6v¢`VW

!"
CPU1,CPU2,
CPU3,CPU4CPU2

CPU3

CPU4

�AB)*+ÕÅìbcopq%±üs(1 !%')!":;%H

*�ºo¢|êF��%��³´�y,ÕÓ²o-%qqÕºE
FGH&½12&y�

EFGH¨Ç`H*�Z`5�o2
=H*�`ÖÈ�o�@H*�ÕE
FGH&bc���±J�ÞD¯c
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AB)*+%EFGH&úVWí�6F AB)*+%EFGH&úVWí�6F (2)(2)
!hpf$ processors p(npe)
!hpf$ distribute x(block) onto p

double precision x(n),rho(m),w(lvec+1,m)
w = 0.0 ; rho = 0.0
do ii=1, n, lvec

do ivec = 1, min(lvec,n-(ii-1)*lvec) ! EFGH&
i = ii + ivec -1
ix = x(i)
w(ivec,ix)= w(ivec,ix) + f(ix)
w(ivec,ix+1)=w(ivec,ix+1)+g(ix+1)

enddo
enddo
do ivec =1,lvec
do i=1,m

rho(i) = rho(i) + w(ivec,i)
enddo

enddo

�H*�ZEFGH¨Ç``
5�2=&�o�@H*�Õ

EFGH&bcß

�-%��oÙ%4*£rho
Zo !tu��#$_2

w`¥ÝLncß

���o'%qqÕºAB4

*£x%VWí�6F �E

FGH¨%%ùÕsÞ��

oé@H*�Õ12&bc

&`oN�*GêF���¶

®bc('(%'Õº2�E
%�@H*�%)®Õ

Processor0úProcessor1%Ã

E�*c)
EFGH¨=lvec lvec

é@H*�

�@H*� 1�E 2�E

_2X

Processor 0 Processor1

lvec
3�E

VW
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AB)*+%EFGH&úVWí�6F AB)*+%EFGH&úVWí�6F (3)(3)
!hpf$ processors p(npe)
!hpf$ distribute x(block(((n-1)/(lvec*npe)+1)*lvec)) onto p

double precision x(n),rho(m),w(lvec+1,m)
w = 0.0 ; rho = 0.0
do ii=1, n, lvec

do ivec = 1, min(lvec,n-(ii-1)*lvec) ! EFGH&
i = ii + ivec -1
ix = x(i)
w(ivec,ix)= w(ivec,ix) + f(ix)
w(ivec,ix+1)=w(ivec,ix+1)+g(ix+1)

enddo
enddo
do ivec =1,lvec
do i=1,m

rho(i) = rho(i) + w(i,ivec)
enddo

enddo

�-'ÕoVWí�6F �
EFGH¨lvec%%ù`s
c±ü`oDISTRIBUTE¿À

ä®ÕVWí�6F Z¿
Ñbcß(q(%'ÕºoV
Wí�6F �lvec%2%)
���o'%qqÕºoé@
H*�%DOÖùiiúVW_
2x%¶�i�a���Þs

Þ%ÕoTU�`º12&
ÕÝ¹oq��@H*�9
:;`x`abcN�*Gê

F���sÞ'ú4TUf
ÑÕÝsÞß

EFGH¨=lvec lvec

é@H*�

�@H*� 1�E 2�E

_2X

Processor 0 Processor1

lvec
3�E

VW
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!hpf$ processors p(npe)
!hpf$ distribute x(block(((n-1)/(lvec*npe)+1)*lvec)) onto p

double precision x(n),rho(m),w(lvec+1,m)
w = 0.0 ; rho = 0.0

!hpf$ independent, new(i,ix,ivec),reduction(w)
do ii=1, n, lvec

!hpf$     on home(x(ii)), local(x)
do ivec = 1, min(lvec,n-(ii-1)*lvec) ! EFGH&

i = ii + ivec -1
ix = x(i)
w(ivec,ix)= w(ivec,ix) + f(ix)
w(ivec,ix+1)=w(ivec,ix+1)+g(ix+1)

enddo
enddo
do ivec =1,lvec
do i=1,m

rho(i) = rho(i) + w(i,ivec)
enddo

enddo

�-'Õoé@H*�`
REDUCTION}IÝ%
INDEPENDENT¿ÀäZ¿
Ñ��o#$_2w`ab

cÝ:�;Z[\o12
&�8sH*�ÕÓc'
úZ,Àbcß
�pD`oé@H*�%�
23�ZAB4*£x(ii)�
ö6�p¯�Þc���6
vÕ9:b¯Gox`ab

cdeºy�ÕÓc'ú
ZON¿ÀÄä+LOCAL}
Õ,Àbcß

AB)*+%EFGH&úVWí�6F AB)*+%EFGH&úVWí�6F (4)(4)
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AB)*+%AB)*+%LISTVECLISTVEC¿À:`±cEFGH&¿À:`±cEFGH&(1)(1)

!hpf$ processors p(npe)
!hpf$ distribute x(block) onto p

double precision x(n),rho(m)
rho = 0.0
do i=1, n

ix = x(i)
rho(ix)= rho(ix) + f(ix)
rho(ix+1)=rho(ix+1)+g(ix+1)

enddo
CPU1

�Ù4*£º����6v`ëì
�AB4*£º���6v¢`VW

!"
CPU1,CPU2,
CPU3,CPU4CPU2

CPU3

CPU4

�AB)*+ÕÅìbcopq%±üs(1 !%')!":;%H

*�ºo¢|êF��%��³´�y,ÕÓ²o-%qqÕºE
FGH&½12&y�

�F90/SX)�RS�¿À:LISTVECZ

¿Ñb¯GEFGH&�8
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AB)*+%AB)*+%LISTVECLISTVEC¿À:`±cEFGH&¿À:`±cEFGH&(2)(2)

�LISTVEC¿À:Z¿Ñbcúo

EFGH&�8n�o¢|êF
��`±cÝ:�;�:P¯
c_2rhoºo1�%:`�

ª«ÕÝsÞß

�-'Õoé@`H*�¨2%H

*�ZIm��orho%2�%ì

¼ZH*�`ÖLbcß

�H*�®Õ��p¯�ÞcÖ

ùºoé@H*�%DOÖùii
%�ZÜ5�üqJ%&bcß

��n�o'%qqÕºH*�

�12&�8ÕÓc'úZT

UfÑÕÝsÞß

!hpf$ processors p(npe)
!hpf$ distribute x(block) onto p

double precision x(n),rho(m)
rho = 0.0
do ii=0,1

!cdir listvec
do i=1, n

ix = x(i)
ix = ix + ii
rho(ix)= rho(ix) + (1-ii)*f(ix)+ii*g(ix)

enddo
enddo
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AB)*+%AB)*+%LISTVECLISTVEC¿À:`±cEFGH&¿À:`±cEFGH&(3)(3)

�-'Õoé@H*�`
REDUCTION}IÝ%
INDEPENDENT¿ÀäZo�@
H*�`INDEPENDENT¿Àä

Z¿Ñ�o12&�8ÕÓc'
úZ,Àbcß(2�%H*�º
o�`_2rho`abcÝ:�

;Z:ü�o'%±ü`ëù%
H*��Ý:�;Z:üÙÚ
oREDUCTION}º��é@%
H*�nQ`¿Ñbcß)

!hpf$ processors p(npe)
!hpf$ distribute x(block) onto p

double precision x(n),rho(m)
rho = 0.0

!hpf$ independent,new(i), reduction(rho)
do ii=0,1

!hpf$ independent,new(ix)
!cdir listvec

do i=1, n
ix = x(i)
ix = ix + ii
rho(ix)= rho(ix) + (1-ii)*f(ix)+ii*g(ix)

enddo
enddo
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22�%EFGH&¦�%+,�%EFGH&¦�%+,

�;	A �;� ��N�

H*�2=&ú !tu -

LISTVEC¿À: - -
��N�ú<8%5���Z[.��o
�/D%¦�`bc��cß

�LISTVEC¿À:%ÙÚo1�%EFGH�;(EFGH¨%çè)ÕoÙ%4*

£`�bc³´�Ócúo-%DVº�ý��;`s²	A�~qbc%Õ
oh�sDG(EFGH&A�~ÞÙÚ)oÓDj�AB4*£%1÷
nZ

:5�oÕÝcnQ³´ZuDb'ú�h�ß

EFGH¨=lvec lvec

EFGH�; 1�E 2�E
_2X lvec

3�E

'%çèÕrho
`³´�ÂÍ
sÞ±ü`

'%çèÕrho
`³´�ÂÍ
sÞ±ü`

'%çèÕrho
`³´�ÂÍ
sÞ±ü`



73

����

� ���	
�����

� ���	
����������

� �� ! "#����$%���&'

�'()*+,%���&

�'()*+�%���&

� �-. /012&%3�

� 456�78

� 9:;<8=>%?@

� AB)*+C�D%EFGH&'

� IJ

74

����

� yz{|(%��%tu78



75

yz{|(%��%tu78�0yz{|(%��%tu78�0

�}~���s�o¢|êF��Z[\����$PQ%78
DO i=1,N

.... A(IDX(i)) .....

INDEX_REUSE¿ÀäêF��=>Ì3�

�*ýHREDUCTION}REDUCTION}Ý:�;,À

LOCAL}LOCAL}dey�Z,À

ON¿ÀäON¿Àä:;ö6���¿Ñ

REFLECT¿ÀäREFLECT¿Àädes1

yz{SHADOW¿ÀäSHADOW¿ÀäMÉ+�hi÷ø

GEN_BLOCK (<8)
INDIRECT(ª«<)

BLOCK (����)
GEN_BLOCK(��y��)

VWÈÉ

yz{|(z{|(78
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yz{MÉ+�yz{MÉ+�·��*
¹·��*
¹ ����

VW

���6v 2�

���6v 2�

���6v 2,

��

}3 ·9Ë¹

}3 ·MÉ+�¹

VWÃ¾�%}3ºo
� ��%���6v`
9Ëú��o
� .%���6v`
MÉ+��)�*¡ú
��oj²IQcß
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yz{MÉ+�yz{MÉ+�·��*
¹·��*
¹ 3���43���4

�÷ø ��
��á
ø¿Àä

��%�Ñ ���â�*â+ã¿Àä

��%�� ��
à¿ÀÄä�*
+�*}

����*5�6+tu ���àáâ�5�âa
â¿Àä

�Ý:�; ���*ýH�âáa+ã�
à}

��[� d>%MÉ+�%3��

� ÷ø ��
��á
ø¿Àä

� �%�Ñ ���â�*â+ã¿Àä

� �%�� ��
à¿ÀÄä�*
+�*}
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module global                               use global         subroutine main(halo)
type shadow                                 type(shadow) halo(3)                       use global
integer,pointer::index(:)            do i=1,3                type(shadow) halo(3)

end type                                             allocate(halo(i)%index(2))              real n(10)
end module                                   enddo             integer :: m(3) =(/3,3,4/)

halo(1)%index = (/6,7/)             !hpf$ distribute n(gen_block(m))
halo(2)%index = (/2,3/)             !hpf$ shadow n(halo)
halo(3)%index = (/5,6/)
call main(halo)

module global use global subroutine main(halo)
type shadow type(shadow) halo(3) use global
integer,pointer::index(:) do i=1,3 type(shadow) halo(3)

end type allocate(halo(i)%index(2)) real n(10)
end module enddo integer :: m(3) =(/3,3,4/)

halo(1)%index = (/6,7/) !hpf$ff distribute n(gen_block(m))
halo(2)%index = (/2,3/) !hpf$ff shadow n(halo)
halo(3)%index = (/5,6/)
call main(halo)

module global                               use global         subroutine main(halo)
type shadow                                 type(shadow) halo(3)                       use global
integer,pointer::index(:)            do i=1,3                type(shadow) halo(3)

end type                                             allocate(halo(i)%index(2))              real n(10)
end module                                   enddo             integer :: m(3) =(/3,3,4/)

halo(1)%index = (/6,7/)             !hpf$ distribute n(gen_block(m))
halo(2)%index = (/2,3/)             !hpf$ shadow n(halo)
halo(3)%index = (/5,6/)
call main(halo)
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!HPF$ INDEX_REUSE (.true.) N
!HPF$ INDEPENDENT

DO i=1, ENUM
!HPF$    ON HOME(E(i)), LOCAL(N) BEGIN

DO j=1, 3
E(i) = E(i) + N(idx(i,j)) + 1

END DO
!HPF$    END ON

ND DO
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!HPF$ INDEX_REUSE (.TRUE.) N  
!HPF$ INDEPENDENT, NEW(I), REDUCTION(LOCAL: N)  

DO I=1,ENUM
!HPF$     ON HOME(ELM(I)) BEGIN

DO J=1,3
N(IDX(I,J))=N(IDX(I,J))+ELM(I)....

ENDDO
!HPF$     ENDON

ENDDO
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