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– wEqyVXz5ghiXklm{|Z)wZlq}~mlZ�)
}~ml��g�X��Z

• >�3�5�
– �����
�
– �3�X��>��m�Z�E

• SPMD3���"��
X�LZ�Exxxbk��c�E
– Single Program/Instruction Multiple Data
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PE: Processing Element
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– ���1k3b�����x¶�cp¿À3b����c�ÁÂoZ¤¥Ã
wZ�ÄÅfpqglv�°

• PE�Processing Element�
– eÆ)b�����c3ÇÈg3pwZv)e�¾pqb����c3Ç
ÈpÉ�¤¥ÃÊl°+Ë3b±²cE¦§�¾pÃÉ´°
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• ±²
– b����cE¦§��ÇÈpwZv)SPMD3bMDc3�LÎL*k)
b�6"7c3ÇÈ¥lvÏl°�¯�¯bPEcE�¾pÉ´°
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oZM`Xq)�LXã�M6"789vz5pwZ°
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– Ãèéêb��pqglcEëìoZ�ÃlZv)?@ABCDXß
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• ��CD�Ò`ZXwM~m)defg�#ÓÔÕ2Xã�
M6"789�%`Zz5vwZ°
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SPMDISingle Program Multiple Data

• *æpb��CDcEæ~mÃrsgÃ3vwá)defg�
#ÓÔÕ2Ãòs°

• óG�mæ;Z�Eq)SPMD�Single Program Multiple 
Data�
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• ���g6"7±²�V��m)������)����
pCDoZ3vSPMD3defg:;<

• T;¯÷KNG(=20)3øù�#VGXF�m ú3Y�g
CD�:;m�Y�I

integer, parameter :: NG= 20
real(kind=8), dimension(20) :: VG

do i= 1, NG
VG(i)= 2.0 * VG(i)

enddo

• �L�4k3�����pVû�mCDoZEoL¯)
20/4=5�küý�)þ®oL¯Yl°
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SPMDXã�M6"789�2/2�
• og�è)�êg��I

integer, parameter :: NL= 5
real(kind=8), dimension(5) :: VL

do i= 1, NL
VL(i)= 2.0 * VL(i)

enddo

• �3Y�XoL¯b*��3c����2�Single Program�
p��CD�>�pZ°
– �����X�lm)bVLc3î�v��IMultiple Data
– �igíáCD�bVLc3�p>�oZ�Ev)���i3	lC
D
kgvZ°

– ¢£CPU3¤¥EÃ¦Eê���Ðgl°
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• VG
– ±²¨£
– 1«�Ð20«�p3b¨£«¬c�kb¨£6"7�Global Data�c

• VL
– ������PE)�����)±²�
– 1«�Ð5«�p3b©ª«¬c�kb©ª6"7�Local Data�c
– pZ��©ª6"7��ÄXu´oZ�Ep)	l���iv�
ÐLZ°
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1F1GHEq ?
• �#"�GHICollective Communication

– MPI_Reduce, MPI_Scatter/Gather g�
– ��¶�!��"7�3¨����EGHoZ
– ã´V�

• ��5�W)��ù�#W)V�Â�@ ��"^#g!"#´3wZ$W
• �%)&�'g�3���"��


• 1F1GHIPoint-to-Point
– MPI_Send, MPI_Receive
– (%3����E3�GHvwZ

• )Þ±²

– ã´V�
• UVW)�í5�Wg��"�#g*
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– 1F1GH3¤¥�5
– �"^"���5��ó��mlZ±²�������

• )Þ±²E3bGHN"O#c
– ��@I)Þ±²
3bGHc�send�
– ¡@ I)Þ±²�Ð3bHHc�recv�
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��@�Boundary Points�
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�±²6"7�©ª6"7�Oò

• �@)¡@
– �@&¡@EgZY�X©ª«¬�
k�Z

• )Þ±²*+
– �"^"���5��ó�oZ±²
– )Þ±²À)«¬

• ¡@*+
– �3±²�Ð)PQ3)�3¡@3
*+�bHHIimportcoZ�

• ��@*+
– PQ3)�3��@3*+�)�3
±²XbGHIexportcoZ�
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*J=KLMGHN"O#IGH

• GH!$
– NEIBPETOT)NEIBPE(neib)

• �LÎL3GH!$XGZL��" �NÕ
– export_index(neib), neib= 1, NEIBPETOT

• b��@c«¬
– export_item(k), k= 1, export_index(NEIBPETOT)

• �LÎL3GH!$XGZL��" 
– SENDbuf(k), k= 1, export_index(NEIBPETOT)
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GH�MPI_Isend/Irecv/Waitall�
neib#1

SENDbuf
neib#2 neib#3 neib#4

export_index(0)+1

BUFlength_e BUFlength_e BUFlength_e BUFlength_e

export_index(1)+1 export_index(2)+1 export_index(3)+1

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index(neib)

kk= export_item(k)
SENDbuf(k)= VAL(kk)

enddo
enddo

do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index(neib  )
BUFlength_e= iE_e + 1 - iS_e

call MPI_ISEND                  &
&         (SENDbuf(iS_e), BUFlength_e, MPI_INTEGER, NEIBPE(neib), 0,&
&  MPI_COMM_WORLD, request_send(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_send, stat_recv, ierr)

export_index(4)

GH^�RS
3TU
Vjg�3�À�WÞGH)HHXÉ
�3pqgô)�3Y�g^�RS
*�
TU�mCDoZ�E�X`Z°
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GH�MPI_Sendrecv�
neib#1

SENDbuf
neib#2 neib#3 neib#4

BUFlength_e BUFlength_e BUFlength_e BUFlength_e

export_index(0)+1 export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index(neib)

kk= export_item(k)
SENDbuf(k)= VAL(kk)

enddo
enddo

do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index(neib  )
BUFlength_e= iE_e + 1 - iS_e

call MPI_SENDRECV             &
&         (SENDbuf(iS_e), BUFlength_e, MPI_INTEGER, NEIBPE(neib), 0,&
&          RECVbuf(iS_i), BUFlength_i, MPI_INTEGER, NEIBPE(neib), 0,&
&          MPI_COMM_WORLD, stat_sr, ierr)

enddo

GH^�RS
3TU
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*J=KLMGHN"O#IHH

• HH!$
– NEIBPETOT)NEIBPE(neib)

• �LÎL3HH!$�ÐH�YZL��" �NÕ
– import_index(neib)

• b¡@c«¬
– import_item(k), k= 1, import_index(NEIBPETOT)

• �LÎL3HH!$�ÐH�YZL��" 
– RECVbuf(k), k= 1, import_index(NEIBPETOT)
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HH�MPI_Isend/Irecv/Waitall�

neib#1
RECVbuf

neib#2 neib#3 neib#4

BUFlength_i BUFlength_i BUFlength_i BUFlength_i

do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib  )
BUFlength_i= iE_i + 1 - iS_i

call MPI_IRECV                  &
&         (RECVbuf(iS_i), BUFlength_i, MPI_INTEGER, NEIBPE(neib), 0,&
&  MPI_COMM_WORLD, request_recv(neib), ierr)

enddo

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk= import_item(k)
VAL(kk)= RECVbuf(k)

enddo
enddo

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)

HH^�RS�ÐTU
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HH�MPI_Sendrecv�

neib#1
RECVbuf

neib#2 neib#3 neib#4

BUFlength_i BUFlength_i BUFlength_i BUFlength_i

do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib  )
BUFlength_i= iE_i + 1 - iS_i

call MPI_SENDRECV             &
&         (SENDbuf(iS_e), BUFlength_e, MPI_INTEGER, NEIBPE(neib), 0,&
& RECVbuf(iS_i), BUFlength_i, MPI_INTEGER, NEIBPE(neib), 0,&
&          MPI_COMM_WORLD, stat_sr, ierr)

enddo

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk= import_item(k)
VAL(kk)= RECVbuf(k)

enddo
enddo

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)

HH^�RS�Ð3TU
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*J=KLMGHN"O#IGH
!C
!C-- PREPARE send  buffer

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index(neib)
kk= export_item(k)
SENDbuf(k)= BUF(kk)

enddo
enddo

!C
!C-- SEND

do neib= 1, NEIBPETOT
is   = export_index(neib-1) + 1
len_s= export_index(neib) - export_index(neib-1)
call MPI_ISEND (SENDbuf(is), len_s, MPI_INTEGER,        &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_send(neib), ierr)
enddo

neib#1
SENDbuf

neib#2 neib#3 neib#4

export_index(0)+1

len_s len_s len_s len_s

export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)
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*J=KLMGHN"O#IHH
!C
!C-- RECV 

do neib= 1, NEIBPETOT
ir   = import_index(neib-1) + 1
len_r= import_index(neib) - import_index(neib-1)
call MPI_IRECV (RECVbuf(ir), len_r, MPI_INTEGER,        &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_recv(neib), ierr)
enddo

!C
!C-- WAITall for RECV

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

!C
!C-- update array

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk= import_item(k)
BUF(kk)= RECVbuf(k)

enddo
enddo

neib#1
RECVbuf

neib#2 neib#3 neib#4

len_r len_r len_r len_r

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)
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>ZP��~mlZ3�
!C
!C +------+
!C | SEND |
!C +------+
!C===

do neib= 1, NEIBPETOT
call MPI_ISEND (SENDbuf(neib), len_s, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_send(neib), ierr)
enddo

!C===

!C
!C +------+
!C | RECV |
!C +------+
!C===

do neib= 1, NEIBPETOT
call MPI_IRECV (RECVbuf(neib), len_r, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_recv(neib), ierr)
enddo

!C===

• T;¯)PE#1�ÐqPE#0)PE#2XGH�m)PE#0)PE#2�ÐHHoZ°
• PE#0qPE#1�Ð)PE#2qPE#1EPE#3�ÐHHoZ°
• IRECV3_Vpq)!$3PE�NEIBPE(neib)�vISEND3#"�pyVX[�
mG~ML��" �HHoZ°

• GH\3len_s)HH\3len_rq*]�mlg�L¯gÐgl°
• NEIBPE(neib)vÌ�Í�MEXGHv-�oZ°

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PE#0 PE#1 PE#2 PE#3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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&'()'*+,

do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib  )
BUFlength_i= iE_i + 1 - iS_i

call MPI_IRECV                  &
&         (RECVbuf(iS_i), BUFlength_i, MPI_INTEGER, NEIBPE(neib), 0,&
&  MPI_COMM_WORLD, request_recv(neib), ierr)

enddo

do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index(neib  )
BUFlength_e= iE_e + 1 - iS_e

call MPI_ISEND &
&         (SENDbuf(iS_e), BUFlength_e, MPI_INTEGER, NEIBPE(neib), 0,&
&  MPI_COMM_WORLD, request_send(neib), ierr)

enddo

• GH,xHH^����«¬)L��" �NÕ)
�_3`¥� !

• NEIBPE�neib�vÌ�Í�MEXGHvÁ�Z°
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&'()'*+,�#0-#3�

• GH,xHH^����«¬)L��" �NÕ)
�_3`¥� !

• NEIBPE�neib�vÌ�Í�MEXGHvÁ�Z°

Send #0Send #0 RecvRecv. #3. #3

#1

#5

#9

#1

#10

#0

#3

NEIBPE(:)=1,3,5,9 NEIBPE(:)=1,0,10
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ga SENDbuf)RECVbuf �´ÇoZ�?
• BUF�WÞÉ~mÃçl3pwZvxxx

!C
!C +------+
!C | SEND |
!C +------+
!C===

do neib= 1, NEIBPETOT
call MPI_ISEND (SENDbuf(neib), len_s, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_send(neib), ierr)
enddo

!C===

!C
!C +------+
!C | RECV |
!C +------+
!C===

do neib= 1, NEIBPETOT
call MPI_IRECV (RECVbuf(neib), len_r, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_recv(neib), ierr)
enddo

!C===
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ga SENDbuf)RECVbuf �´ÇoZ�?
• BUF�WÞÉ~mÃçl3pwZvxxx

– �êg��Xg~mÉlXôl

!C
!C +------+
!C | SEND |
!C +------+
!C===

do neib= 1, NEIBPETOT

if (neib.eq.1) then
ikk= 1
else
ikk= N

endif

if (my_rank.eq.0 .and. neib.eq.1) then
ikk= N

endif

call MPI_ISEND (BUF(ikk), len_s, MPI_INTEGER,      &
&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_send(neib), ierr)
enddo

!C===
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GH^�RS3Äi

21 22 23 24
13 14 15 16
9 10 11 12
5 6 7 8
1 2 3 4

20
19
18
17

PE#0 PE#1

PE#2
ME;¯)�3��@qbE�mlg
l3p)

x GH^�RS3^c�¸��
x ���ÐÀ;mdd3�NÕ3
L��" 

El�Y�g<Wvef

do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index(neib  )
BUFlength_e= iE_e + 1 - iS_e

call MPI_ISEND                 &
&         (VAL(...), BUFlength_e, MPI_INTEGER, NEIBPE(neib), 0,&
&  MPI_COMM_WORLD, request_send(neib), ierr)
enddo
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• ?@ABCDEMPI
• 1F1GHI*J=KLMGHN"O#

–*+,PQ
–R+,PQ

• 1F1GH3>ST
•UVWXYZ*+,-./<[\]#^"3��=
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*+,UVW96#©ª6"789
g�l«¬��

• ±²�35�)�"^"����eÆ±²¡�5�3AB
– ±²�5��i=1~N� I�@�Interior/Internal Points�

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4

PE#0

PE#1

PE#2

PE#3

5

5 6

5 6

0
222

11

1)(,2)(,1)(

)1()()()()(

x
iA

x
iA

x
iA

NiiBFiAiAiA

RDL

iRiDiL

�
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�
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�
�

�������� �� ���
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*+,UVW96#©ª6"789
g�l«¬��

• ±²�5�)�"^"����eÆ±²¡�5�3AB
– ±²�5��i=1~N� I�@�Interior/Internal Points�
– �"^"���5��i=N+1, N+2�I¡@�Exterior/External Points�

• i=N+1)i=N+235�vCD�gl¤¥ÃwZ

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4

PE#0

PE#1

PE#2

PE#3

5

5 6

5 6

5
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x
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*+,UVW96#©ª6"789
g�l«¬��

• ±²�5�)�"^"����eÆ±²¡�5�3AB
– ±²�5��i=1~N� I�@�Interior/Internal Points�
– �"^"���5��i=N+1, N+2�I¡@�Exterior/External Points�

• i=N+1)i=N+235�vCD�gl¤¥ÃwZ
– b�@c3�è8±²3b¡@cEg~mlZ5�I��@�Boundary

Points�
1 2 3

2 3

2 3

2 3 4

PE#0

PE#1

PE#2

PE#3
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5 6

5 6
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*J=KLMGHN"O#IGH
!C
!C-- PREPARE send  buffer

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index(neib)
kk= export_item(k)
SENDbuf(k)= BUF(kk)

enddo
enddo

!C
!C-- SEND

do neib= 1, NEIBPETOT
is   = export_index(neib-1) + 1
len_s= export_index(neib) - export_index(neib-1)
call MPI_ISEND (SENDbuf(is), len_s, MPI_INTEGER,        &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_send(neib), ierr)
enddo

neib#1
SENDbuf

neib#2 neib#3 neib#4

export_index(0)+1

len_s len_s len_s len_s

export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)
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*J=KLMGHN"O#IHH
!C
!C-- RECV 

do neib= 1, NEIBPETOT
ir   = import_index(neib-1) + 1
len_r= import_index(neib) - import_index(neib-1)
call MPI_IRECV (RECVbuf(ir), len_r, MPI_INTEGER,        &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_recv(neib), ierr)
enddo

!C
!C-- WAITall for RECV

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

!C
!C-- update array

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk= import_item(k)
BUF(kk)= RECVbuf(k)

enddo
enddo

neib#1
RECVbuf

neib#2 neib#3 neib#4

len_r len_r len_r len_r

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)
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1DUVW3��CDXz5g*+�1/4�
�@x¡@x���@�

5 1 2 3 4 6

©ª5�«¬
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1DUVW3��CDXz5g*+�2/4�
)Þ�����*+

PE#(my_rank-1): NEIBPE(1) PE#(my_rank+1): NEIBPE(2)

5 1 2 3 4 6

export_index(1)= 1
import_index(1)= 1

export_index(2)= 2
import_index(2)= 2

�3±²�Ð2k3)Þ±²
¥C2k35����@h��GH�)
2k35��¡@h��HHoZ
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1DUVW3��CDXz5g*+�3/4�
GHN"O#

5 1 2 3 4 6

import_index(1)= 1
import_item (1)= 5

import_index(2)= 2
import_item (2)= 6

5 1 2 3 4 6

export_index(1)= 1
export_item (1)= 1

export_index(2)= 2
export_item(2) = 4

)ÞPE
3
GH���@�

)ÞPE�Ð3
HH�¡@�

1 2 3 41 2 3 4

1 2 3 41 2 3 4

1 2 3 41 2 3 4

1 2 3 41 2 3 4

PE#0

PE#1

PE#2

PE#3

5

5 6

5 6

5
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1DUVW3��CDXz5g*+�4/4�
GHN"O#

5 1 2 3 4 6

BUF(5)=RECVbuf(1) BUF(6)=RECVbuf(2)

5 1 2 3 4 6

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)

)ÞPE
3
GH���@�

)ÞPE�Ð3
HH�¡@�

1 2 3 41 2 3 4

1 2 3 41 2 3 4

1 2 3 41 2 3 4

1 2 3 41 2 3 4

PE#0

PE#1

PE#2

PE#3

5

5 6

5 6

5
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GHI*+,PQ

• GH!$
– NEIBPETOT)NEIBPE(neib)

• NEIBPETOT=2, NEIB(1)= my_rank-1, NEIB(2)= my_rank+1

• �LÎL3GH!$XGZL��" �NÕ
– export_index(neib), neib= 1, NEIBPETOT

• export_index(0)=0, export_index(1)= 1, export_index(2)= 2

• b��@c«¬
– export_item(k), k= 1, export_index(NEIBPETOT)

• export_item(1)= 1, export_item(2)= N

• �LÎL3GH!$XGZL��" 
– SENDbuf(k), k= 1, export_index(NEIBPETOT)

• SENDbuf(1)= BUF(1), SENDbuf(2)= BUF(N)

5 1 2 3 4 6

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)
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5 1 2 3 4 6

BUF(5)=RECVbuf(1) BUF(6)=RECVbuf(2)BUF(5)=RECVbuf(1) BUF(6)=RECVbuf(2)

HH:*+,PQ

• HH!$
– NEIBPETOT)NEIBPE(neib)

• NEIBPETOT=2, NEIB(1)= my_rank-1, NEIB(2)= my_rank+1

• �LÎL3HH!$�ÐH�YZL��" �NÕ
– import_index(neib), neib= 1, NEIBPETOT

• import_index(0)=0, import_index(1)= 1, import_index(2)= 2

• b¡@c«¬
– import_item(k), k= 1, import_index(NEIBPETOT)

• import_item(1)= N+1, import_item(2)= N+2

• �LÎL3HH!$�ÐH�YZL��" 
– RECVbuf(k), k= 1, import_index(NEIBPETOT)

• BUF(N+1)=RECVbuf(1), BUF(N+2)=RECVbuf(2)
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*J=KLMGHN"O#

NEIBPETOT= 2
NEIBPE(1)= my_rank - 1
NEIBPE(2)= my_rank + 1

import_index(1)= 1
import_index(2)= 2
import_item (1)= N+1
import_item (2)= N+2

export_index(1)= 1
export_index(2)= 2
export_item (1)= 1
export_item (2)= N

if (my_rank.eq.0) then
import_item (1)= N+1
export_item (1)= N
NEIBPE(1)= my_rank+1

endif

5 1 2 3 4 6

BUF(5)=RECVbuf(1) BUF(6)=RECVbuf(2)

5 1 2 3 4 6

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)
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*J=KLMGHN"O#ICæµ

NEIBPETOT= 2
NEIBPE(1)= my_rank - 1
NEIBPE(2)= my_rank + 1

import_index(1)= 1
import_index(2)= 2
import_item (1)= N
import_item (2)= N+1

export_index(1)= 1
export_index(2)= 2
export_item (1)= 0
export_item (2)= N-1

if (my_rank.eq.0) then
import_item (1)= N
export_item (1)= N-1
NEIBPE(1)= my_rank+1

endif

4 0 1 2 3 5

BUF(0)=RECVbuf(1) BUF(5)=RECVbuf(2)

4 0 1 2 3 5

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)

Jul2009 76

*+,96#TQ�i/10�

• �"^"���3wZ*+,Vj6"7�NG=16)4±²�
Xklm)������pb�@cXßoZ*+�U��)
b��@c3*+�)�)Þ±²Xb¡@c3*+E�mF
HoZ°

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4

PE#0

PE#1

PE#2

PE#3

5

5 6

5 6

5
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ºD�_�1/3�
PE#0 PE#1 PE#2 PE#3

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

PE#0

101
102
103
104

PE#1

105
106
107
108

PE#2

109
110
111
112

PE#3

113
114
115
116

• �PE3�@�i=1~N(=4)�X�lm©ª6"7�k�l�)b�
�@c36"7��)Þ±²X��Zb¡@cE�mFHoZ°
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ºD�_�2/3�IGH)HH�

PE#0
i=1 101
i=2 102
i=3 103
i=4 104
i=5  ?

PE#1
i=1 105
i=2 106
i=3 107
i=4 108
i=5  ?
i=6  ?

PE#2
i=1 109
i=2 110
i=3 111
i=4 112
i=5  ?
i=6  ?

PE#3
i=1 113
i=2 114
i=3 115
i=4 116
i=5  ?

PE#0

PE#1

PE#2

PE#3

1 2 3 4 5

5 1 2 3 4 6

5 1 2 3 4 6

5 1 2 3 4
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ºD�_�3/3�IGH)HHm

PE#0
i=1 101
i=2 102
i=3 103
i=4 104
i=5 105

PE#1
i=1 105
i=2 106
i=3 107
i=4 108
i=5 104
i=6 109

PE#2
i=1 109
i=2 110
i=3 111
i=4 112
i=5 108
i=6 113

PE#3
i=1 113
i=2 114
i=3 115
i=4 116
i=5 112

PE#0

PE#1

PE#2

PE#3

1 2 3 4 5

5 1 2 3 4 6

5 1 2 3 4 6

5 1 2 3 4
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�
�#����2

$ cd <$1DH>/data
$ mpif90 –Oss -noparallel 1d-srb1.f
$ qsub go.sh

$ mpif90 –Oss -noparallel 1d-srb2.f
$ qsub go.sh

FORTRAN

$ cd <$1DH>/data
$ mpicc –Os -noparallel 1d-srb1.c
$ qsub go.sh

$ mpicc –Os -noparallel 1d-srb2.c
$ qsub go.sh

C

SENDRECV

SENDRECV

ISEND/IRECV

ISEND/IRECV
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*+,96#TQI 1d-srb1.f �2/10�

implicit REAL*8 (A-H,O-Z)
include  'mpif.h'

integer(kind=4) :: my_rank, PETOT
integer(kind=4) :: N, NEIBPETOT, BUFlength
integer(kind=4), dimension(2) :: NEIBPE

integer(kind=4), dimension(0:2) :: import_index, export_index
integer(kind=4), dimension( 2) :: import_item , export_item

integer(kind=4), dimension(2) :: SENDbuf, RECVbuf

integer(kind=4), dimension(:), allocatable :: BUF

integer(kind=4), dimension(:,:), allocatable :: stat_send
integer(kind=4), dimension(:,:), allocatable :: stat_recv
integer(kind=4), dimension(:  ), allocatable :: request_send
integer(kind=4), dimension(:  ), allocatable :: request_recv

!C
!C +-----------+
!C | INIT. MPI |
!C +-----------+
!C===

call MPI_INIT     (ierr)
call MPI_COMM_SIZE (MPI_COMM_WORLD, PETOT, ierr )
call MPI_COMM_RANK (MPI_COMM_WORLD, my_rank, ierr )

!C===

Jul2009 82

*+,96#TQ: 1d-srb1.f �3/10�
�PEX�lm©ª6"7��@3'�k�l�

!C
!C +------+
!C | INIT |
!C +------+
!C===

N= 4
allocate (BUF(N+2))
BUF= 0

if (my_rank.eq.0) open (11, file='1d.0', status='unknown')
if (my_rank.eq.1) open (11, file='1d.1', status='unknown')
if (my_rank.eq.2) open (11, file='1d.2', status='unknown')
if (my_rank.eq.3) open (11, file=‘1d.3’, status=‘unknown’)

do i= 1, N
read (11,*) BUF(i)

enddo

close (11)

PE#0

101
102
103
104

PE#1

105
106
107
108

PE#2

109
110
111
112

PE#3

113
114
115
116

N:�@À
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*+,96#TQ: 1d-srb1.f �4/10�
�±²X��Z¡@

iSTART= 1
iEND  = N+2
if (my_rank.eq.0    ) iEND  = N+1
if (my_rank.eq.PETOT-1) iEND  = N+1
do i= iSTART, iEND
write (*,'(a, 3i8)') '%%% before', my_rank, i, BUF(i)

enddo

.../012341///5////6///656

.../012341///5////7///657

.../012341///5////8///658

.../012341///5////9///659

.../012341///5////://///5

.../012341///6////6///65:

.../012341///6////7///65;

.../012341///6////8///65<

.../012341///6////9///65=

.../012341///6////://///5

.../012341///6////;/////5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

.../012341///7////6///65>

.../012341///7////7///665

.../012341///7////8///666

.../012341///7////9///667

.../012341///7////://///5

.../012341///7////;/////5

.../012341///8////6///668

.../012341///8////7///669

.../012341///8////8///66:

.../012341///8////9///66;

.../012341///8////://///5

PE#0
iS= 1
iE= N+1
¡@ÀI1

PE#1
iS= 1
iE= N+2
¡@ÀI2

PE#2
iS= 1
iE= N+2
¡@ÀI2

PE#3
iS= 1
iE= N+1
¡@ÀI1
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NEIBPETOT= 2
if (my_rank.eq.0    ) NEIBPETOT= 1
if (my_rank.eq.PETOT-1) NEIBPETOT= 1
if (PETOT.eq.1)      NEIBPETOT= 0

NEIBPE(1)= my_rank - 1
NEIBPE(2)= my_rank + 1

if (my_rank.eq.0  ) NEIBPE(1)= my_rank + 1
if (my_rank.eq.PETOT-1) NEIBPE(1)= my_rank - 1

import_index= 0
export_index= 0
import_item = 0
export_item = 0

import_index(1)= 1
import_index(2)= 2
import_item (1)= N+1
import_item (2)= N+2

export_index(1)= 1
export_index(2)= 2
export_item (1)= 1
export_item (2)= N

if (my_rank.eq.0) then
import_item (1)= N+1
export_item (1)= N

endif

BUFlength= 1

)ÞPEÀ�NEIBPETOT�)
)ÞPE�NEIBPE��n%

PE#0 PE#1 PE#2 PE#3
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NEIBPETOT= 2
NEIBPE(1)= my_rank - 1
NEIBPE(2)= my_rank + 1

import_index(1)= 1
import_index(2)= 2
import_item (1)= N+1
import_item (2)= N+2

export_index(1)= 1
export_index(2)= 2
export_item (1)= 1
export_item (2)= N

if (my_rank.eq.0) then
import_item (1)= N+1
export_item (1)= N
NEIBPE(1)= my_rank+1

endif

5 1 2 3 4 6

BUF(5)=RECVbuf(1) BUF(6)=RECVbuf(2)

5 1 2 3 4 6

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)
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GHoB� 3pæ)üý±²öq

!C
!C +------------------------------+
!C | INIT. arrays for MPI_WAITALL |
!C +------------------------------+
!C===

allocate (stat_send(MPI_STATUS_SIZE,NEIBPETOT))
allocate (stat_recv(MPI_STATUS_SIZE,NEIBPETOT))
allocate (request_send(NEIBPETOT))
allocate (request_recv(NEIBPETOT))

!C===

• üý±²�öqoZ��pçl!!
• GHoB�Irequest handle�GHÔùr��)EÃæ��

– GH´Irequest_send)HH´Irequest_recv
• st�O ¹ù�F�Istatus object

– GH´Istat_send)HH´Istat_recv
• MPI_STATUS_SIZE

– “mpif.h”)”mpi.h” p%¾KLmlZ°
– u$X�3Àv��w�mql�gl°
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*+,96#TQ: 1d-srb1.f �7/10�
��@*+GHxy

!C
!C +----------------------+
!C | PREPARE send  buffer |
!C +----------------------+
!C===

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index(neib)
kk= export_item(k)
SENDbuf(k)= BUF(kk)

enddo
enddo

!C===

5 1 2 3 4 6

PE#(my_rank-1): NEIBPE(1) PE#(my_rank+1): NEIBPE(2)

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)

©ª5�«¬

)Þ�����X BUF(1))BUF(N) �GZxy�oZ
��@*+� SENDbufXTU
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!C
!C +------+
!C | SEND |
!C +------+
!C===

do neib= 1, NEIBPETOT
is   = export_index(neib-1) + 1
len_s= export_index(neib) - export_index(neib-1)
call MPI_ISEND (SENDbuf(is), len_s, MPI_INTEGER,        &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_send(neib), ierr)
enddo

!C===

!C
!C +------+
!C | RECV |
!C +------+
!C===

do neib= 1, NEIBPETOT
ir   = import_index(neib-1) + 1
len_r= import_index(neib) - import_index(neib-1)
call MPI_IRECV (RECVbuf(ir), len_r, MPI_INTEGER,        &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_recv(neib), ierr)
enddo

!C===

!C
!C +------------------+
!C | WAITall for RECV |
!C +------------------+
!C===

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)
!C===

SENDbuf(neib)�ÐÒ�Z)÷Klen_s�=1�3
L��" �)ÞPE�NEIBPE(neib)�XGHoZ°
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!C
!C +------+
!C | SEND |
!C +------+
!C===

do neib= 1, NEIBPETOT
is   = export_index(neib-1) + 1
len_s= export_index(neib) - export_index(neib-1)
call MPI_ISEND (SENDbuf(is), len_s, MPI_INTEGER,        &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_send(neib), ierr)
enddo

!C===

!C
!C +------+
!C | RECV |
!C +------+
!C===

do neib= 1, NEIBPETOT
ir   = import_index(neib-1) + 1
len_r= import_index(neib) - import_index(neib-1)
call MPI_IRECV (RECVbuf(ir), len_r, MPI_INTEGER,        &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_recv(neib), ierr)
enddo

!C===

!C
!C +------------------+
!C | WAITall for RECV |
!C +------------------+
!C===

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)
!C===

RECVbuf(neib)�ÐÒ�Z)÷Klen_r�=1�3L�
�" �)ÞPE�NEIBPE(neib)��ÐHHoZ°
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*+,96#TQ: 1d-srb1.f �8/10�
!C
!C +------+
!C | SEND |
!C +------+
!C===

do neib= 1, NEIBPETOT
call MPI_ISEND (SENDbuf(neib), len_s, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
& request_send(neib), ierr)
enddo

!C===

!C
!C +------+
!C | RECV |
!C +------+
!C===

do neib= 1, NEIBPETOT
call MPI_IRECV (RECVbuf(neib), len_r, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
& request_recv(neib), ierr)
enddo

!C===

!C
!C +------------------+
!C | WAITall for RECV |
!C +------------------+
!C===

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)
!C===

�3L��" 3wE)RECVbuf3
î��u´oZ�Ev�iEgZ°
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*+,96#TQ: 1d-srb1.f �8/10�
!C
!C +------+
!C | SEND |
!C +------+
!C===

do neib= 1, NEIBPETOT
call MPI_ISEND (SENDbuf(neib), len_s, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
& request_send(neib), ierr)
enddo

!C===

!C
!C +------+
!C | RECV |
!C +------+
!C===

do neib= 1, NEIBPETOT
call MPI_IRECV (RECVbuf(neib), len_r, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
& request_recv(neib), ierr)
enddo

!C===

!C
!C +------------------+
!C | WAITall for RECV |
!C +------------------+
!C===

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)
!C===

GHoB��HH�

GHoB� st�O ¹ù�F�

�3L��" 3wE)RECVbuf3
î��u´oZ�Ev�iEgZ°
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!C
!C +--------------+
!C | update array |
!C +--------------+
!C===

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk= import_item(k)
BUF(kk)= RECVbuf(k)

enddo
enddo

do i= iSTART, iEND
write (*,'(a, 3i8)') '### after', my_rank, i, BUF(i)

enddo
!C===

5 1 2 3 4 6

PE#(my_rank-1): NEIBPE(1) PE#(my_rank+1): NEIBPE(2)

BUF(0)=RECVbuf(1) BUF(5)=RECVbuf(2)

©ª5�«¬

)Þ������ÐH�
Y~M'�BUF(N+1))
BUF(N+2)XTUoZ°
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!C
!C +--------------+
!C | update array |
!C +--------------+
!C===

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk= import_item(k)
BUF(kk)= RECVbuf(k)

enddo
enddo

do i= iSTART, iEND
write (*,'(a, 3i8)') '### after', my_rank, i, BUF(i)

enddo
!C===

!C
!C +------------------+
!C | WAITall for SEND |
!C +------------------+
!C===

call MPI_WAITALL (NEIBPETOT, request_send, stat_send, ierr)
!C===

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

.../012341///5////6///656

.../012341///5////7///657

.../012341///5////8///658

.../012341///5////9///659

.../012341///5////://///5

.../012341///6////6///65:

.../012341///6////7///65;

.../012341///6////8///65<

.../012341///6////9///65=

.../012341///6////:///659

.../012341///6////;///65>

.../012341///7////6///65>

.../012341///7////7///665

.../012341///7////8///666

.../012341///7////9///667

.../012341///7////:///65=

.../012341///7////;///668

.../012341///8////6///668

.../012341///8////7///669

.../012341///8////8///66:

.../012341///8////9///66;

.../012341///8////:///667
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!C
!C +--------------+
!C | update array |
!C +--------------+
!C===

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk= import_item(k)
BUF(kk)= RECVbuf(k)

enddo
enddo

do i= iSTART, iEND
write (*,'(a, 3i8)') '### after', my_rank, i, BUF(i)

enddo
!C===

!C
!C +------------------+
!C | WAITall for SEND |
!C +------------------+
!C===

call MPI_WAITALL (NEIBPETOT, request_send, stat_send, ierr)
!C===

�3L��" 3wE)SENDbuf3
î���woZ�Ev�iEgZ°
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!C
!C +--------------+
!C | update array |
!C +--------------+
!C===

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk= import_item(k)
BUF(kk)= RECVbuf(k)

enddo
enddo

do i= iSTART, iEND
write (*,'(a, 3i8)') '### after', my_rank, i, BUF(i)

enddo!C===

!C
!C +------------------+
!C | WAITall for SEND |
!C +------------------+
!C===

call MPI_WAITALL (NEIBPETOT, request_send, stat_send, ierr)
!C===

GHoB�
�GH´�

st�O ¹ù�F�
�GH´�

Jul2009 96

MPI_ISEND/IRECV/WAITALLE
MPI_SENDRECV
1d-srb1.f: Isend/Irecv/Waitall

allocate (stat_send(MPI_STATUS_SIZE,NEIBPETOT))
allocate (stat_recv(MPI_STATUS_SIZE,NEIBPETOT))
allocate (request_send(NEIBPETOT))
allocate (request_recv(NEIBPETOT))

…
do neib= 1, NEIBPETOT
call MPI_ISEND (SENDbuf(neib), len_s, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
& request_send(neib), ierr)
enddo

…
do neib= 1, NEIBPETOT
call MPI_IRECV (RECVbuf(neib), len_r, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
& request_recv(neib), ierr)
enddo

…
call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)
call MPI_WAITALL (NEIBPETOT, request_send, stat_send, ierr)

1d-srb2.f: Sendrecv
allocate (stat_sr(MPI_STATUS_SIZE))

…
do neib= 1, NEIBPETOT
call MPI_SENDRECV                 &

&        (SENDbuf(neib), len_s, MPI_INTEGER, NEIBPE(neib), 0,  &
&         RECVbuf(neib), len_r, MPI_INTEGER, NEIBPE(neib), 0,  &
&         MPI_COMM_WORLD, stat_sr, ierr)
enddo
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MPI_ISEND/IRECV/WAITALL3Él<

• GHoB� request �%¾IGH´)HH´
• st�O ¹ù�F� status �%¾IGH´)HH´
• MPI_Isend)MPI_IrecvX�LÎLFz�MMPI_Waitall�
{|
– request)statuspAB

1d-srb1.f: Isend/Irecv/Waitall
allocate (stat_send(MPI_STATUS_SIZE,NEIBPETOT))
allocate (stat_recv(MPI_STATUS_SIZE,NEIBPETOT))
allocate (request_send(NEIBPETOT))
allocate (request_recv(NEIBPETOT))

…
do neib= 1, NEIBPETOT
call MPI_ISEND (SENDbuf(neib), len_s, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
& request_send(neib), ierr)
enddo

…
do neib= 1, NEIBPETOT
call MPI_IRECV (RECVbuf(neib), len_r, MPI_INTEGER,          &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
& request_recv(neib), ierr)
enddo

…
call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)
call MPI_WAITALL (NEIBPETOT, request_send, stat_send, ierr)
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MPI_SENDRECV3Él<
1d-srb2.f: Sendrecv

allocate (stat_sr(MPI_STATUS_SIZE))
…

do neib= 1, NEIBPETOT
call MPI_SENDRECV                 &

&        (SENDbuf(neib), BUFlength, len_s, NEIBPE(neib), 0, &
&         RECVbuf(neib), BUFlength, len_r, NEIBPE(neib), 0,  &
&         MPI_COMM_WORLD, stat_sr, ierr)
enddo

• st�O ¹ù�F� status
– status(MPI_STATUS_SIZE) �%¾oZ��pçl
– Isend/Irecv/Waitall3EEq status3�NÕv}gZ3p�Ço
Z�E°
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!C
!C-- PREPARE send  buffer

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index(neib)
kk= export_item(k)
SENDbuf(k)= BUF(kk)

enddo
enddo

!C
!C-- SEND

do neib= 1, NEIBPETOT
is   = export_index(neib-1) + 1
len_s= export_index(neib) - export_index(neib-1)
call MPI_ISEND (SENDbuf(is), len_s, MPI_INTEGER,        &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_send(neib), ierr)
enddo

neib#1
SENDbuf

neib#2 neib#3 neib#4

export_index(0)+1

len_s len_s len_s len_s

export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)
Jul2009
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!C
!C-- RECV 

do neib= 1, NEIBPETOT
ir   = import_index(neib-1) + 1
len_r= import_index(neib) - import_index(neib-1)
call MPI_IRECV (RECVbuf(ir), len_r, MPI_INTEGER,        &

&     NEIBPE(neib), 0, MPI_COMM_WORLD,        &
&    request_recv(neib), ierr)
enddo

!C
!C-- WAITall for RECV

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

!C
!C-- update array

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk= import_item(k)
BUF(kk)= RECVbuf(k)

enddo
enddo

neib#1
RECVbuf

neib#2 neib#3 neib#4

len_r len_r len_r len_r

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)
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• ?@ABCDEMPI
• 1F1GHI*J=KLMGHN"O#

–*+,PQ
–R+,PQ

• 1F1GH3>ST
•UVWXYZ*+,-./<[\]#^"3��=
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�þ®�ó~�FW
Preconditioned Conjugate Gradient Method �CG�

Compute r(0)= b-[A]x(0)

for i= 1, 2, …
solve [M]z(i-1)= r(i-1)

�i-1= r(i-1) z(i-1)
if i=1
p(1)= z(0)

else
�i-1= �i-1/�i-2
p(i)= z(i-1) + �i-1 p(i)

endif
q(i)= [A]p(i)

�i = �i-1/p(i)q(i)
x(i)= x(i-1) + �ip(i)
r(i)= r(i-1) - �iq(i)
check convergence |r|

end

��CD)±²>GHvz5g_V

• ��øù�#%
• �%
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��øù�#%I8±²3'vz5
�"^"����GHN"O#
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��SPMD

PE #0

Program

Data #0

PE #1

Program

Data #1

PE #2

Program

Data #2

PE #M-1

Program

Data #M-1
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CGWpqpq��gZ
GH��~mlZª��¢£CPUE}gZ

PE #0

X= X + aY

Data #0

PE #1

Data #1

PE #2

Data #2

PE #M-1

Data #M-1

�%

��øù�#%

X= X + aY

�%

��øù�#%

X= X + aY

�%

��øù�#%

X= X + aY

�%

��øù�#%

±²>GH
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ó~�FW3b��=c�i/2�

• ��øù�#%
– ±²��6"73���>��m)¡@3øù�#'3&g'�
�m�ô°

!C
!C-- {q}= [A]{p}

do i= 1, N
W(i,Q) = DIAG(i)*W(i,P)
do j= INDEX(i-1)+1, INDEX(i)
W(i,Q) = W(i,Q) + AMAT(j)*W(ITEM(j),P)

enddo
enddo

exchange W(i,P)
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!C
!C +-------------+
!C | RHO= {r}{z} |
!C +-------------+
!C===

RHO= 0.d0

do i= 1, N
RHO= RHO + W(i,R)*W(i,Z)

enddo

!C===

ó~�FW3b��=c�2/2�

• �%
– MPI_ALLREDUCE

allreduce RHO
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MPI_ALLREDUCE

• MPI_REDUCE + MPI_BCAST
• ��)&�'�CD�MÐ)�����pu´�Ml¤¥vÊl

• call MPI_ALLREDUCE
(sendbuf,recvbuf,count,datatype,op, comm,ierr)
– sendbuf �Ç I GH^�RS3^c�¸��)

– recvbuf �Ç O HH^�RS3^c�¸��)

7N�qbdatatypecXYán%
– count `À I L��" 3�NÕ

– datatype `À I L��" 36"77N�

– op `À I CD3��

– comm `À I ¶�!��"7��%oZ

– ierr `À O 0�¶"¸

All reduce
P#0

P#1

P#2

P#3

A0P#0 B0 C0 D0

A1P#1 B1 C1 D1

A2P#2 B2 C2 D2

A3P#3 B3 C3 D3

A0P#0 B0 C0 D0

A1P#1 B1 C1 D1

A2P#2 B2 C2 D2

A3P#3 B3 C3 D3

op.A0-A3 op.B0-B3 op.C0-C3 op.D0-D3op.A0-A3 op.B0-B3 op.C0-C3 op.D0-D3

op.A0-A3 op.B0-B3 op.C0-C3 op.D0-D3op.A0-A3 op.B0-B3 op.C0-C3 op.D0-D3

op.A0-A3 op.B0-B3 op.C0-C3 op.D0-D3op.A0-A3 op.B0-B3 op.C0-C3 op.D0-D3

op.A0-A3 op.B0-B3 op.C0-C3 op.D0-D3op.A0-A3 op.B0-B3 op.C0-C3 op.D0-D3
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MPI_Reduce/Allreduce3 �op�

• MPI_MAX)MPI_MIN &�')&�'

• MPI_SUM)MPI_PROD ��)%

• MPI_LAND å®AND

call MPI_REDUCE
(sendbuf,recvbuf,count,datatype,op,root,comm,ierr)

real(kind=8):: X0, X1

call MPI_REDUCE
(X0, X1, 1, MPI_DOUBLE_PRECISION, MPI_MAX, 0, <comm>, ierr)

real(kind=8):: X0(4), XMAX(4)

call MPI_REDUCE
(X0, XMAX, 4, MPI_DOUBLE_PRECISION, MPI_MAX, 0, <comm>, ierr)
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RSN#
$ cd <$1DH>/parallel

$ mpif90 –Oss –noparallel heat_cg_p.f
$ mpicc -Os  -noparallel heat_cg_p.c

$ qsub go.sh
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program CG_poi
implicit REAL*8 (A-H,O-Z)
include 'mpif.h'

integer :: PETOT, my_rank, ierr
integer :: N, ITERmax
integer :: R, Z, P, Q, DD

real(kind=8) :: dx, RESID, dPHI, dPHImax, BF, EPS
real(kind=8), dimension(:), allocatable :: PHI, RHS
real(kind=8), dimension(:  ), allocatable :: DIAG, AMAT
real(kind=8), dimension(:,:), allocatable :: W

integer, dimension(:  ), allocatable :: INDEX, ITEM

integer(kind=4) :: NEIBPETOT, BUFlength
integer(kind=4), dimension(2) :: NEIBPE

integer(kind=4), dimension(0:2) :: import_index, export_index
integer(kind=4), dimension(  2) :: import_item , export_item

real(kind=8), dimension(2) :: SENDbuf, RECVbuf

integer(kind=4), dimension(:), allocatable :: stat1

!C
!C +-------+
!C | INIT. |
!C +-------+
!C===

!C
!C-- MPI init.

call MPI_INIT      (ierr)
call MPI_COMM_SIZE (MPI_COMM_WORLD, PETOT, ierr )
call MPI_COMM_RANK (MPI_COMM_WORLD, my_rank, ierr )
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!C
!C-- CTRL data

if (my_rank.eq.0) then
open  (11, file='input.dat', status='unknown')

read (11,*) Ng
read (11,*) dX, BF
read (11,*) ITERmax
read (11,*) EPS

close (11)
endif

call MPI_BCAST (Ng     , 1, MPI_INTEGER, 0, MPI_COMM_WORLD, ierr)
call MPI_BCAST (ITERmax, 1, MPI_INTEGER, 0, MPI_COMM_WORLD, ierr)
call MPI_BCAST (dx,    1, MPI_DOUBLE_PRECISION, 0,                &

&        MPI_COMM_WORLD, ierr)
call MPI_BCAST (BF, 1, MPI_DOUBLE_PRECISION, 0,        &

&        MPI_COMM_WORLD, ierr)
call MPI_BCAST (EPS,   1, MPI_DOUBLE_PRECISION, 0,        &

&        MPI_COMM_WORLD, ierr)

!C
!C-- LOCAL MESH size

N= Ng / PETOT

if (N.le.1) goto 900

nr = Ng - nnn*PETOT
if (my_rank+1.le.nr) N= N + 1
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!C
!C-- CTRL data

if (my_rank.eq.0) then
open  (11, file='input.dat', status='unknown')

read (11,*) N�
read (11,*) dX, BF
read (11,*) ITERmax
read (11,*) EPS

close (11)
endif

call MPI_BCAST (Ng     , 1, MPI_INTEGER, 0, MPI_COMM_WORLD, ierr)
call MPI_BCAST (ITERmax, 1, MPI_INTEGER, 0, MPI_COMM_WORLD, ierr)
call MPI_BCAST (dx,    1, MPI_DOUBLE_PRECISION, 0,                &

&        MPI_COMM_WORLD, ierr)
call MPI_BCAST (BF, 1, MPI_DOUBLE_PRECISION, 0,        &

&        MPI_COMM_WORLD, ierr)
call MPI_BCAST (EPS,   1, MPI_DOUBLE_PRECISION, 0,        &

&        MPI_COMM_WORLD, ierr)

!C
!C-- LOCAL MESH size

N= Ng / PETOT

if (N.le.1) goto 900

nr = Ng - nnn*PETOT
if (my_rank+1.le.nr) N= N + 1
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!C
!C-- MATRIX

allocate (PHI(N+2), DIAG(N), AMAT(2*N),RHS(N))
allocate (INDEX(0:N), ITEM(2*N), W(N+2,4))
PHI= 0.d0

AMAT=  1.d0/dX
DIAG= -2.d0/dX
RHS=  -BF * dX

INDEX= 2
!C
!C-- CONNECTIVITY

INDEX(0)= 0

if (my_rank.eq.0)       INDEX(1  )= 1
if (my_rank.eq.PETOT-1) INDEX(nnn)= 1

do i= 1, nnn
INDEX(i)= INDEX(i) + INDEX(i-1)

enddo
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AL(4) AD(4) AR(4)AL(4) AD(4) AR(4)

AL(5) AD(5) AR(5)AL(5) AD(5) AR(5)
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AL(7) AD(7) AR(7)AL(7) AD(7) AR(7)

AL(8) AD(8)
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!C
!C-- MATRIX

allocate (PHI(0:N+1), DIAG(N), AMAT(2*N),RHS(N))
allocate (INDEX(0:N), ITEM(2*N), W(0:N+1,4))
PHI= 0.d0

AMAT=  1.d0/dX
DIAG= -2.d0/dX
RHS=  -BF * dX

INDEX= 2
!C
!C-- CONNECTIVITY

INDEX(0)= 0

if (my_rank.eq.0)       INDEX(1)= 1
if (my_rank.eq.PETOT-1) INDEX(N)= 1

do i= 1, N
INDEX(i)= INDEX(i) + INDEX(i-1)

enddo

AD1 AR1

AL2 AD2 AR2

AL3 AD3 AR3

AL4 AD4 AR4

AL5 AD5 AR5
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8

AD1 AR1

AL2 AD2 AR2

AL3 AD3 AR3

AL4 AD4 AR4

AL5 AD5 AR5

AL6 AD6 AR6

AL7 AD7 AR7

AL8 AD8

1 2 3 4 5 6 7 8
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6

7

8

ÛF�ØV3Àqb2c
M��)Ù�pq b1c

PE#0 PE#1 PE#2 PE#3

2 3 4 1 2 3 4 1 2 3 4 1 2 3 41

Jul2009

116

*+,-./<[\I����4/7�
do i= 1, N

jS= INDEX(i-1)
if (my_rank.eq.0 .and. i.eq.1) then

ITEM(jS+1)= i+1
AMAT(jS+1)= 0.d0
DIAG(i   )= 1.d0
RHS(i   )= 0.d0

else if                         &
&     (my_rank.eq.PETOT-1 .and. i.eq.N) then

ITEM(jS+1)= i-1
DIAG(i   )= -1.d0/dX

else
ITEM(jS+1)= i-1
ITEM(jS+2)= i+1
if (i.eq.1) ITEM(jS+1)= N+1
if (i.eq.N) ITEM(jS+2)= N+2
if (my_rank.eq.0.and.i.eq.N) ITEM(jS+2)= N+1
if (my_rank.eq.0.and.i-1.eq.1) then

AMAT(jS+1)= 0.d0
endif

endif
enddo

�����Xmin�

�����Xmax�

�L ¡
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NEIBPETOT= 2
NEIBPE(1)= my_rank - 1
NEIBPE(2)= my_rank + 1

import_index(1)= 1
import_index(2)= 2
import_item (1)= N+1
import_item (2)= N+2

export_index(1)= 1
export_index(2)= 2
export_item (1)= 1
export_item (2)= N

if (my_rank.eq.0) then
import_item (1)= N+1
export_item (1)= N
NEIBPE(1)= my_rank+1

endif

5 1 2 3 4 6

BUF(0)=RECVbuf(1) BUF(5)=RECVbuf(2)

5 1 2 3 4 6

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)
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NEIBPETOT= 2
NEIBPE(1)= my_rank - 1
NEIBPE(2)= my_rank + 1

import_index(1)= 1
import_index(2)= 2
import_item (1)= N
import_item (2)= N+1

export_index(1)= 1
export_index(2)= 2
export_item (1)= 0
export_item (2)= N-1

if (my_rank.eq.0) then
import_item (1)= N
export_item (1)= N-1
NEIBPE(1)= my_rank+1

endif

4 0 1 2 3 5

BUF(0)=RECVbuf(1) BUF(5)=RECVbuf(2)

4 0 1 2 3 5

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)
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do i= 1, N

jS= INDEX(i-1)
if (my_rank.eq.0 .and. i.eq.1) then

ITEM(jS+1)= i+1
AMAT(jS+1)= 0.d0
DIAG(i )= 1.d0
RHS(i )= 0.d0

else if                         &
&     (my_rank.eq.PETOT-1 .and. i.eq.N) then

ITEM(jS+1)= i-1
DIAG(i )= -1.d0/dX

else
ITEM(jS+1)= i-1
ITEM(jS+2)= i+1

if (i.eq.1) ITEM(jS+1)= N+1
if (i.eq.N) ITEM(jS+2)= N+2
if (my_rank.eq.0.and.i.eq.N) ITEM(jS+2)= N+1

if (my_rank.eq.0.and.i-1.eq.1) then
AMAT(jS+1)= 0.d0

endif
endif

enddo

�����Xmin�

1 2 3 N N+1
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do i= 1, N

jS= INDEX(i-1)
if (my_rank.eq.0 .and. i.eq.1) then

ITEM(jS+1)= i+1
AMAT(jS+1)= 0.d0
DIAG(i )= 1.d0
RHS(i )= 0.d0

else if                         &
&     (my_rank.eq.PETOT-1 .and. i.eq.N) then

ITEM(jS+1)= i-1
DIAG(i )= -1.d0/dX

else
ITEM(jS+1)= i-1
ITEM(jS+2)= i+1

if (i.eq.1) ITEM(jS+1)= N+1
if (i.eq.N) ITEM(jS+2)= N+2
if (my_rank.eq.0.and.i.eq.N) ITEM(jS+2)= N+1

if (my_rank.eq.0.and.i-1.eq.1) then
AMAT(jS+1)= 0.d0

endif
endif

enddo

�����Xmax�

N+1 1 2 3 N
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do i= 1, N

jS= INDEX(i-1)
if (my_rank.eq.0 .and. i.eq.1) then

ITEM(jS+1)= i+1
AMAT(jS+1)= 0.d0
DIAG(i )= 1.d0
RHS(i )= 0.d0

else if                         &
&     (my_rank.eq.PETOT-1 .and. i.eq.N) then

ITEM(jS+1)= i-1
DIAG(i )= -1.d0/dX

else
ITEM(jS+1)= i-1
ITEM(jS+2)= i+1

if (i.eq.1) ITEM(jS+1)= N+1
if (i.eq.N) ITEM(jS+2)= N+2
if (my_rank.eq.0.and.i.eq.N) ITEM(jS+2)= N+1

if (my_rank.eq.0.and.i-1.eq.1) then
AMAT(jS+1)= 0.d0

endif
endif

enddo

�L ¡

N+1 1 2 3 N N+2
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do i= 1, N

jS= INDEX(i-1)
if (my_rank.eq.0 .and. i.eq.1) then

ITEM(jS+1)= i+1
AMAT(jS+1)= 0.d0
DIAG(i )= 1.d0
RHS(i )= 0.d0

else if                         &
&     (my_rank.eq.PETOT-1 .and. i.eq.N) then

ITEM(jS+1)= i-1
DIAG(i )= -1.d0/dX

else
ITEM(jS+1)= i-1
ITEM(jS+2)= i+1

if (i.eq.1) ITEM(jS+1)= N+1
if (i.eq.N) ITEM(jS+2)= N+2
if (my_rank.eq.0.and.i.eq.N) ITEM(jS+2)= N+1

if (my_rank.eq.0.and.i-1.eq.1) then
AMAT(jS+1)= 0.d0

endif
endif

enddo

�L ¡

N+1 1 2 3 N N+2
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do i= 1, N

jS= INDEX(i-1)
if (my_rank.eq.0 .and. i.eq.1) then

ITEM(jS+1)= i+1
AMAT(jS+1)= 0.d0
DIAG(i )= 1.d0
RHS(i )= 0.d0

else if                         &
&     (my_rank.eq.PETOT-1 .and. i.eq.N) then

ITEM(jS+1)= i-1
DIAG(i )= -1.d0/dX

else
ITEM(jS+1)= i-1
ITEM(jS+2)= i+1

if (i.eq.1) ITEM(jS+1)= N+1
if (i.eq.N) ITEM(jS+2)= N+2
if (my_rank.eq.0.and.i.eq.N) ITEM(jS+2)= N+1

if (my_rank.eq.0.and.i-1.eq.1) then
AMAT(jS+1)= 0.d0

endif
endif

enddo

�L ¡

1 2 3 N N+1
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!C
!C-- COMMUNICATION

NEIBPETOT= 2
if (my_rank.eq.0      ) NEIBPETOT= 1
if (my_rank.eq.PETOT-1) NEIBPETOT= 1
if (PETOT.eq.1)         NEIBPETOT= 0

NEIBPE(1)= my_rank - 1
NEIBPE(2)= my_rank + 1

if (my_rank.eq.0  ) NEIBPE(1)= my_rank + 1
if (my_rank.eq.PETOT-1) NEIBPE(1)= my_rank - 1

BUFlength= 1

import_index= 0
export_index= 0
import_item = 0
export_item = 0

import_index(1)= 1
import_index(2)= 2
import_item (1)= N+1
import_item (2)= N+2

export_index(1)= 1
export_index(2)= 2
export_item (1)= 1
export_item (2)= N

if (my_rank.eq.0) then
import_item (1)= N+1
export_item (1)= N

endif
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1 2 3 41 2 3 4

1 2 3 41 2 3 4

1 2 3 41 2 3 4

1 2 3 41 2 3 4

PE#0

PE#1

PE#2

PE#3

5

5 6

5 6

5
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g�l©ª«¬���GHN"O#

5 1 2 3 4 6

BUF(0)=RECVbuf(1) BUF(5)=RECVbuf(2)

5 1 2 3 4 6

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)
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NEIBPETOT= 2
NEIBPE(1)= my_rank - 1
NEIBPE(2)= my_rank + 1

import_index(1)= 1
import_index(2)= 2
import_item (1)= N+1
import_item (2)= N+2

export_index(1)= 1
export_index(2)= 2
export_item (1)= 1
export_item (2)= N

if (my_rank.eq.0) then
import_item (1)= N+1
export_item (1)= N
NEIBPE(1)= my_rank+1

endif

5 1 2 3 4 6

BUF(0)=RECVbuf(1) BUF(5)=RECVbuf(2)

5 1 2 3 4 6

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)
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NEIBPETOT= 2
NEIBPE(1)= my_rank - 1
NEIBPE(2)= my_rank + 1

import_index(1)= 1
import_index(2)= 2
import_item (1)= N
import_item (2)= N+1

export_index(1)= 1
export_index(2)= 2
export_item (1)= 0
export_item (2)= N-1

if (my_rank.eq.0) then
import_item (1)= N
export_item (1)= N-1
NEIBPE(1)= my_rank+1

endif

4 0 1 2 3 5

BUF(0)=RECVbuf(1) BUF(5)=RECVbuf(2)

4 0 1 2 3 5

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)
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!C
!C-- {q}= [A]{p}
!C- init

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index(neib)

kk= export_item(k)
SENDbuf(k)= W(kk,P)

enddo
enddo

!C
!C-- SEND & RECV.

do neib= 1,  NEIBPETOT
is= export_index(neib-1) + 1
ir= import_index(neib-1) + 1
len_s= export_index(neib) - export_index(neib-1)
len_r= import_index(neib) - import_index(neib-1)
call MPI_SENDRECV

&         (SENDbuf(is), len_s, MPI_DOUBLE_PRECISION,NEIBPE(neib),0,&
& RECVbuf(ir), len_r, MPI_DOUBLE_PRECISION,NEIBPE(neib),0,&
&  MPI_COMM_WORLD, stat1, ierr)

enddo
!C- update

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)

kk= import_item(k)
W(kk,P)= RECVbuf(k)

enddo
enddo
do i= 1, N

W(i,Q) = DIAG(i)*W(i,P)
do j= INDEX(i-1)+1, INDEX(i)

W(i,Q) = W(i,Q) + AMAT(j)*W(ITEM(j),P)
enddo

enddo

GH^�RSX
W(i,p)3'�ULZ
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5 1 2 3 4 6

SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)SENDbuf(1)=BUF(1) SENDbuf(2)=BUF(4)

GHI*+,PQ

• GH!$
– NEIBPETOT)NEIBPE(neib)

• NEIBPETOT=2, NEIB(1)= my_rank-1, NEIB(2)= my_rank+1

• �LÎL3GH!$XGZL��" �NÕ
– export_index(neib), neib= 1, NEIBPETOT

• export_index(0)=0, export_index(1)= 1, export_index(2)= 2

• b��@c«¬
– export_item(k), k= 1, export_index(NEIBPETOT)

• export_item(1)= 1, export_item(2)= N

• �LÎL3GH!$XGZL��" 
– SENDbuf(k), k= 1, export_index(NEIBPETOT)

• SENDbuf(1)= BUF(1), SENDbuf(2)= BUF(N)
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GH�MPI_Isend/Irecv/Waitall�
neib#1

SENDbuf
neib#2 neib#3 neib#4

export_index(0)+1

BUFlength_e BUFlength_e BUFlength_e BUFlength_e

export_index(1)+1 export_index(2)+1 export_index(3)+1

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index(neib)

kk= export_item(k)
SENDbuf(k)= VAL(kk)

enddo
enddo

do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index(neib  )
BUFlength_e= iE_e + 1 - iS_e

call MPI_ISEND                  &
&         (SENDbuf(iS_e), BUFlength_e, MPI_INTEGER, NEIBPE(neib), 0,&
&  MPI_COMM_WORLD, request_send(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_send, stat_recv, ierr)

export_index(4)

GH^�RS
3TU
Vjg�3�À�WÞGH)HHXÉ
�3pqgô)�3Y�g^�RS
*�
TU�mCDoZ�E�X`Z°

Jul2009

131

GH�MPI_Sendrecv�
neib#1

SENDbuf
neib#2 neib#3 neib#4

BUFlength_e BUFlength_e BUFlength_e BUFlength_e

export_index(0)+1 export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index(neib)

kk= export_item(k)
SENDbuf(k)= VAL(kk)

enddo
enddo

do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index(neib  )
BUFlength_e= iE_e + 1 - iS_e

call MPI_SENDRECV             &
&         (SENDbuf(iS_e), BUFlength_e, MPI_INTEGER, NEIBPE(neib), 0,&
&          RECVbuf(iS_i), BUFlength_i, MPI_INTEGER, NEIBPE(neib), 0,&
&          MPI_COMM_WORLD, stat_sr, ierr)

enddo

GH^�RS
3TU
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HH:*+,PQ

• HH!$
– NEIBPETOT)NEIBPE(neib)

• NEIBPETOT=2, NEIB(1)= my_rank-1, NEIB(2)= my_rank+1

• �LÎL3HH!$�ÐH�YZL��" �NÕ
– import_index(neib), neib= 1, NEIBPETOT

• import_index(0)=0, import_index(1)= 1, import_index(2)= 2

• b¡@c«¬
– import_item(k), k= 1, import_index(NEIBPETOT)

• import_item(1)= N+1, import_item(2)= N+2

• �LÎL3HH!$�ÐH�YZL��" 
– RECVbuf(k), k= 1, import_index(NEIBPETOT)

• BUF(N+1)=RECVbuf(1), BUF(N+2)=RECVbuf(2)

5 1 2 3 4 6

BUF(5)=RECVbuf(1) BUF(6)=RECVbuf(2)BUF(5)=RECVbuf(1) BUF(6)=RECVbuf(2)
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HH�MPI_Isend/Irecv/Waitall�

neib#1
RECVbuf

neib#2 neib#3 neib#4

BUFlength_i BUFlength_i BUFlength_i BUFlength_i

do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib  )
BUFlength_i= iE_i + 1 - iS_i

call MPI_IRECV                  &
&         (RECVbuf(iS_i), BUFlength_i, MPI_INTEGER, NEIBPE(neib), 0,&
&  MPI_COMM_WORLD, request_recv(neib), ierr)

enddo

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk= import_item(k)
VAL(kk)= RECVbuf(k)

enddo
enddo

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)

HH^�RS�ÐTU
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HH�MPI_Sendrecv�

neib#1
RECVbuf

neib#2 neib#3 neib#4

BUFlength_i BUFlength_i BUFlength_i BUFlength_i

do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib  )
BUFlength_i= iE_i + 1 - iS_i

call MPI_SENDRECV             &
&         (SENDbuf(iS_e), BUFlength_e, MPI_INTEGER, NEIBPE(neib), 0,&
& RECVbuf(iS_i), BUFlength_i, MPI_INTEGER, NEIBPE(neib), 0,&
&          MPI_COMM_WORLD, stat_sr, ierr)

enddo

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk= import_item(k)
VAL(kk)= RECVbuf(k)

enddo
enddo

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)

HH^�RS�Ð3TU
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!C
!C-- {q}= [A]{p}
!C- init

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index(neib)

kk= export_item(k)
SENDbuf(k)= W(kk,P)

enddo
enddo

!C
!C-- SEND & RECV.

do neib= 1,  NEIBPETOT
is= export_index(neib-1) + 1
ir= import_index(neib-1) + 1
len_s= export_index(neib) - export_index(neib-1)
len_r= import_index(neib) - import_index(neib-1)
call MPI_SENDRECV

&         (SENDbuf(is), len_s, MPI_DOUBLE_PRECISION,NEIBPE(neib),0,&
& RECVbuf(ir), len_r, MPI_DOUBLE_PRECISION,NEIBPE(neib),0,&
&  MPI_COMM_WORLD, stat1, ierr)

enddo
!C- update

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)

kk= import_item(k)
W(kk,P)= RECVbuf(k)

enddo
enddo
do i= 1, N

W(i,Q) = DIAG(i)*W(i,P)
do j= INDEX(i-1)+1, INDEX(i)

W(i,Q) = W(i,Q) + AMAT(j)*W(ITEM(j),P)
enddo

enddo

GHH
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!C
!C-- {q}= [A]{p}
!C- init

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index(neib)

kk= export_item(k)
SENDbuf(k)= W(kk,P)

enddo
enddo

!C
!C-- SEND & RECV.

do neib= 1,  NEIBPETOT
is= export_index(neib-1) + 1
ir= import_index(neib-1) + 1
len_s= export_index(neib) - export_index(neib-1)
len_r= import_index(neib) - import_index(neib-1)
call MPI_SENDRECV

&         (SENDbuf(is), len_s, MPI_DOUBLE_PRECISION,NEIBPE(neib),0,&
& RECVbuf(ir), len_r, MPI_DOUBLE_PRECISION,NEIBPE(neib),0,&
&  MPI_COMM_WORLD, stat1, ierr)

enddo
!C- update

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)

kk= import_item(k)
W(kk,P)= RECVbuf(k)

enddo
enddo
do i= 1, N

W(i,Q) = DIAG(i)*W(i,P)
do j= INDEX(i-1)+1, INDEX(i)

W(i,Q) = W(i,Q) + AMAT(j)*W(ITEM(j),P)
enddo

enddo

)ÞPE�ÐHH�MH
H^�RS3'�
W(i,p)XULZ

��øù�#%
{q}=[A]{p}
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!C
!C-- ALPHA= RHO / {p}{q}

C10= 0.d0
do i= 1, N

C10= C10 + W(i,P)*W(i,Q)
enddo
call MPI_allREDUCE (C10, C1, 1, MPI_DOUBLE_PRECISION,             &

&        MPI_SUM, MPI_COMM_WORLD, ierr)
ALPHA= RHO / C1

!C
!C-- {x}= {x} + ALPHA*{p}
!C   {r}= {r} - ALPHA*{q}

do i= 1, N
PHI(i)  = PHI(i) + ALPHA * W(i,P)
W  (i,R)= W(i,R) - ALPHA * W(i,Q)

enddo

DNRM20 = 0.0
do i= 1, N

DNRM20= DNRM20 + W(i,R)**2
enddo
call MPI_allREDUCE (DNRM20, DNRM2, 1, MPI_DOUBLE_PRECISION,       &

&        MPI_SUM, MPI_COMM_WORLD, ierr)

RESID= dsqrt(DNRM2/BNRM2)

if (my_rank.eq.0.and.mod(iter,1000).eq.0) then
write (*, '(i5,1pe16.6)') iter, RESID

endif

if ( RESID.le.EPS) goto 900
RHO1 = RHO

enddo
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go.sh)input.dat ��;mCD�m�Y
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#@$-r paraCG
#@$-q lecture5
#@$-N 1
#@$-J T16
#@$-e err
#@$-o test-016.lst
#@$-lM 28GB
#@$-lT 00:15:00
#@$

cd $PBS_O_WORKDIR
mpirun n1.sh ./a.out

exit

80000
1.d0 1.d0
80000
1.d-7
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