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• 1630! 9�
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• :;<=>?@MPI
• 1A1BCD%E8FGHBCI�J�

–%&'KL
–M&'KL

• 1A1BC.9NO
•PQRSTU%&'()*7VWX�Y�.�
8
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:;<=>?.H\.MPI
• ]R

– ^MPI-1_.`abcde�10Vf�Sghi�jkU
• MPI-2lmno@pqcdersUrttt

– s@muQSv0cdeSghiwxU$sUhmyzihU{$
yzih|}c{S~�U

• 9�.�0�
– �������
– |.�S��9��i�U�@

• SPMD.�������S�GU�@ttt^g��_�@
– Single Program/Instruction Multiple Data
– `abS�����m^���@��U_r^1�2r�}_

• ���c1�2�Q��$�[QSghi������������r>?kU
• BC^��_m��CPU. ¡@¢£��

– ¤�1�2@¥¦1�2$¤�§¨@¥¦§¨



55

SPMD

PE #0

Program

Data #0

PE #1

Program

Data #1

PE #2

Program

Data #2

PE #M-1

Program

Data #M-1

mpirun -np M <Program>

�.©rª+l�G«MPIm
9�7ª+l�H�@ScU¬

PE: Processing Element
�����$­®$����

�����m^���@��U_r^1�2r�}_
���c1�2�Q��$�[QSghi������������r>?kU
BC��m$��CPU.@�@��$@h}.rª¯

66

°±
• �����$²�

– ³�´�µ�@�i.�¶?N·¬����²�lm�����¸²�
• ����

– MPI>?.H\.9��¹$³�´�µ�bc^²�_@¢£�º¬
– ���1g.^�����t²�_l»¼.^����_�½¾kU ¡¿
sU�ÀÁblmchr�¬

• PE�Processing Element�
– aÂ$^�����_.ÃÄc.lsUr$a�ºlm^����_.Ã
ÄlÅ} ¡¿Æh¬&Ç.^­®_@¢£�ºl¿Å°¬

• È�É²�. ¡mD^²�¸PE_@h}ÃÄlÅ}�@rÆh¬

• ­®
– ^����_@¢£��ÃÄlsUr$SPMD.^MD_.|GÊG%g$
^�1�2_.ÃÄ¡hrËh¬�«�«^PE_@�ºlÅ°¬

• MPI.����§¨�PE§¨$­®§¨�m0�ÌÍÎ
– �Hrzi8�����PE$­®�sU ¡m§¨m0!7

7

1�234@��ÏÐÑ-

• ²�Ò��2Ól>?��}����-m1�234@��
ÏÐÑ-�Ì3ÔFGU¬

• ÕÖm×ØSÙÚcÛÜSsÝ$sU��ÏÐÑ-�9Þ
kUH\Sm$|GSß�H1�234rv0lsU¬

– àá�â6«^1�234¸��ÏÐÑ-_@âzi¿ãh¬
– ¿äåæ^|}lmch_@çèkU{¿hUr$:;<=>?SÛ
kUéÝ$êë.ìílm^1�234¸��ÏÐÑ-_@â6U¬

• �
>?�Î\USsHzi$`abc��ÏÐÑ-Sß�
H1�234� \Uv0rsU¬

88

SPMDDSingle Program Multiple Data

• %âl^�
>?_@âzi¿noc¿.rsÝ$`abc�
�ÏÐÑ-¿îo¬

• ïB�iâ6U�@m$SPMD�Single Program Multiple 
Data�

• cUxð��CPU.@�@��T}Sl�U�@rª¯
– BCrv0c[Q@|}lch[Q�ñòSkUv0rsÝ¬
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SPMDSß�H1�234@m ?

PE #0

Program

Data #0

PE #1

Program

Data #1

PE #2

Program

Data #2

PE #3

Program

Data #3

1010

SPMDSß�H1�234�1/2�
• ���c1�2­®�Q��i$������$����
l>?kU.rSPMD.`abc567

• O6«óFNG(=20).ôõ	�VGSA�i�ö.T}c
>?�56i�T}D

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

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

enddo

• �G�4g.�����lQ÷�i>?kU@kG«$
20/4=5�gøù�$úªkG«Th¬

1111

SPMDSß�H1�234�2/2�
• kcûä$�æcü�D

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

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

enddo

• �.T}SkG«^%ýþ._����-�Single Program�
l�
>?�9�l�U¬
– �����S�hi$^VL_.ê�r�}DMultiple Data
– �ecéÝ>?�^VL_.�l9�kU�@r$�
�e.�h>
?�gcrU¬

– ��CPU. ¡@¿¢@æ��ûÌch¬

1212

¤�1�2@¥¦1�2

• VG
– ­®¤�
– 1§�Ì20§�l.^¤�§¨_�	g^¤�1�2�Global Data�_

• VL
– ������PE$�����$­®�
– 1§�Ì5§�l.^¥¦§¨_�	g^¥¦1�2�Local Data�_
– l�U
�¥¦1�2��ÀSq°kU�@l$�h�
�er

ÌGU¬
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¥¦1�2.567

^¤�1�2_VG.D

• 1!5§ÔQr0§PE
• 6~10§ÔQr1§PE
• 11!15§r2§PE
• 16!20§r3§PE

.|GÊG$^¥¦1�
2_VL.1§!5§ÔQ@
cU�¥¦§¨r1§!5
§@cU�¬

VL(1)
VL(2)
VL(3)
VL(4)
VL(5)

PE#0

PE#1

PE#2

PE#3

VL(1)
VL(2)
VL(3)
VL(4)
VL(5)

VL(1)
VL(2)
VL(3)
VL(4)
VL(5)

VL(1)
VL(2)
VL(3)
VL(4)
VL(5)

VG( 1)
VG( 2)
VG( 3)
VG( 4)
VG( 5)
VG( 6)
VG( 7)
VG( 8)
VG( 9)
VG(10)

VG(11)
VG(12)
VG(13)
VG(14)
VG(15)
VG(16)
VG(17)
VG(18)
VG(19)
VG(20)
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¤�1�2@¥¦1�2
• VG

– ­®¤�
– 1§�Ì20§�l.^¤�§¨_�	g^¤�1�2�Global Data�_

• VL
– ������
– 1§�Ì5§�l.^¥¦§¨_�	g^¥¦1�2�Local Data�_

• �.�ºlØS�Ã�i¢�h�@
– VG�¤�1�2��ÌVL�¥¦1�2���.T}S�ÔkU�¬
– VG�ÌVL$VL�ÌVG�1�2.ê���.T}SÈ�Ò��kU�¬
– VLr�����@S���i>?l�ch ¡m�}kU�¬
– l�UéÝ^¥¦�_��\Húª�9�kU��h�
�e

• |.H\.^1�234_$^��ÏÐÑ-_
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• :;<=>?@MPI
• 1A1BCD%E8FGHBCI�J�

–%&'KL
–M&'KL

• 1A1BC.9NO
•PQRSTU%&'()*7VWX�Y�.�
8

16

1A1BC@m ?
• ����BCDCollective Communication

– MPI_Reduce, MPI_Scatter/Gather c�
– ��²�����2�.¤����@BCkU
– ß°Q�

• ��0�R$��õ	�R$Q�¾�;����Y�c���°.sU R
• �!$"�#c�.�������

• 1A1BCDPoint-to-Point
– MPI_Send, MPI_Receive
– $ .����@.�BCrsU

• %Ú­®

– ß°Q�
• PQR$�é0�Rc�����c&
'�Å} R

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

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

4 9

8 13

12
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����BC$1A1BC
(ÚPE�­®�.�@.���°

PQR$�é0�R

18

%&'()*7VWX�Y�.�
8

xxBFxBF

xx
dx
dxBF

dx
d

max
2

max2

2

2
1

@0,0@0,0

���

������

�

���

%î�!)( BF

�=0 *(
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%&'()*7VWX�Y�.�
8

%î�!)( BF

�=0 *(

• ¤�1�2@¥¦1�2
• O6«$NG=16.KL�4PEl9�kU ¡$�PES�h
imNL=16/4=4@cU

20

¤�1�2@¥¦1�2
NG=16, PE#=4

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

¤�§¨
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¤�1�2@¥¦1�2
NG=16, PE#=4

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

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4

PE#0

PE#1

PE#2

PE#3

¤�§¨

¥¦§¨

¥¦§¨

¥¦§¨

¥¦§¨
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PQR.��������9�kUH\
Sm%Ú0�.&'rv0

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

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4
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4 9

8 13

12
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1)(,2)(,1)(

)()1()()()()1()(

x
iA

x
iA

x
iA

iBFiiAiiAiiA

RDL

RDL

�
�

�
��

�
�

�������� ���

PE#0

PE#1

PE#2

PE#3
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%&'()*7VWX�Y�.�
8

• ¤�1�2@¥¦1�2
• PQR.�������Sm%Ú0�.#rv0

– ­®�PE�.��lm%Ú­®S+kU0��Ì.&'rv0
– O6«$PE#1l.>?�,-F.UH\Sm$PE#0.^4_§$

PE#2.^1_§0�.&'rv0

• %Ú­®�Ì.&'�5/�
ec1�234rv0

– |G¢��0lm1httt

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

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

4 9

8 13
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1A1BCrv0ScU 2D1Dê3PQ
PQR.�������.H\Sm%Ú0�.&'rv0

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

4 9

8 13

12
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1A1BCrv0ScU 2D1Dê3PQ
PQR.�������.H\Sm%Ú0�.&'rv0

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

4 9

8 13

12

4.­®@.��Y���
��5/�HT}c1�23
4rv0ScUlså}ttt

26

1A1BC.7R

• MPI_SEND$ MPI_RECV@h}�J��É�rsU¬

• ���$�GÌm^J��5���blocking�_BC�J��É�
l$1�´��õ�dead lock��½���kh¬
– 6C�RECV�.,7rò8FGch@$9C�SEND�r:7�ch

• ¿@¿@×ØS^securec_BC�;<kUH\S$MPI=î
.êS>GÌGH¿.lsUr$9°Óm?p�.Óch¬

– �Hrzi9@S��Ð������ô�lÅ°FGU�@m¢@æ
�1h�@A}�¬

– BÂSûHzi�.[QrCDFGU� mchÌ�h¬
• ^|}h}dersU_@h}�@�E.FGS�hi�hið

Fh¬

27

MPI_SEND/MPI_RECV

if (my_rank.eq.0) NEIB_ID=1
if (my_rank.eq.1) NEIB_ID=0

…
call MPI_SEND (NEIB_ID, arg’s)
call MPI_RECV (NEIB_ID, arg’s)
…

• O6«H¢�.Olâ6«$�.T}S�Hh@�åls
Ur$�.T}c����-��U@
MPI_SEND/MPI_RECV.@�ålI�zi��}¬
– ¾ð ¡¿sUD9mcenjulmOK

1 2 3 4

1 2 3 4

PE#0

PE#1

5

4

28

MPI_SEND/MPI_RECV�J��
if (my_rank.eq.0) NEIB_ID=1
if (my_rank.eq.1) NEIB_ID=0

…
if (my_rank.eq.0) then

call MPI_SEND (NEIB_ID, arg’s)
call MPI_RECV (NEIB_ID, arg’s)

endif

if (my_rank.eq.1) then
call MPI_RECV (NEIB_ID, arg’s)
call MPI_SEND (NEIB_ID, arg’s)

endif

…

• �.T}SkG«$¾ð¬

1 2 3 4

1 2 3 4

PE#0

PE#1

5

4
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1A1BC.7R�9@�}kU��

• MPI_ISEND$ MPI_IRECV$@h}^J��5���ch
�non-blocking�_�J��É�rsU¬�G@$�K.H\.
^MPI_WAITALL_�L�¡û.U¬

• MPI_SENDRECV @h}�J��É�¿sU�MN�¬
if (my_rank.eq.0) NEIB_ID=1
if (my_rank.eq.1) NEIB_ID=0

…
call MPI_ISEND (NEIB_ID, arg’s)
call MPI_IRECV (NEIB_ID, arg’s)
…
call MPI_WAITALL (for IRECV)
…
call MPI_WAITALL (for ISEND)

ISEND@IRECVl��BCOP��Åzi$
QSR¡�rSGU.lsG«WAITALLm
%T¦l¿OKlk�MN�

1 2 3 4

1 2 3 4

PE#0

PE#1

5

4

30

MPI_ISEND
• 9CY�UV^sendbuf_�.$WJ�H^count_X.9CY�����$2�^tag_
�
�i$²�����2�.$^dest_S9CkU¬^MPI_WAITALL_�Z[�l$
9CY�UV.�\�Q]�imcÌch¬

• call MPI_ISEND
(sendbuf,count,datatype,dest,tag,comm,request, ierr)
– sendbuf ^Ã I 9CY�UV.H_�´��$

– count R¼ I Y����.�`Ñ

– datatype R¼ I Y����.1�22`�

– dest R¼ I aH����.�´�����õ�

– tag R¼ I Y����2�$9CY����.ýþ�bPkU@�SÅ°¬

BØm^0_lTh¬��Y����2�§¨�clBC¬
– comm R¼ I ²�����2�d kU

– request R¼ O BCOP�¬MPI_WAITALLlÅ°¬
�e
D�`Ñm�KkUv0.sU^MPI_ISEND_Zfg�
¼�BØm%Ú����¼c���:Câ±SghimMN

– ierr R¼ O ,7²�´

31

BCOP��request handle�D request
• call MPI_ISEND

(sendbuf,count,datatype,dest,tag,comm,request, ierr)
– sendbuf ^Ã I 9CY�UV.H_�´��$

– count R¼ I Y����.�`Ñ

– datatype R¼ I Y����.1�22`�

– dest R¼ I aH����.�´�����õ�

– tag R¼ I Y����2�$9CY����.ýþ�bPkU@�SÅ°¬

BØm^0_lTh¬��Y����2�§¨�clBC¬
– comm R¼ I ²�����2�d kU

– request R¼ O BCOP�¬MPI_WAITALLlÅ°¬
�e
D�`Ñm�KkUv0.sU^MPI_ISEND_Zfg�
¼�BØm%Ú����¼c���

– ierr R¼ O ,7²�´

• �ö.T}chliâ�i�ð�øù­®�ò;kU
�lãhDCSghimMN�
allocate (request(NEIBPETOT))

32

MPI_IRECV
• 6CY�UV^recvbuf_�.$WJ�H^count_X.9CY�����$2�^tag_
�
�i$²�����2�.$^dest_�Ì6CkU¬^MPI_WAITALL_�Z[�
l$6CY�UV.�\�q°�Húª�9��imcÌch¬

• call MPI_IRECV
(recvbuf,count,datatype,dest,tag,comm,request, ierr)
– recvbuf ^Ã I 6CY�UV.H_�´��$

– count R¼ I Y����.�`Ñ

– datatype R¼ I Y����.1�22`�

– dest R¼ I aH����.�´�����õ�

– tag R¼ I Y����2�$6CY����.ýþ�bPkU@�SÅ°¬

BØm^0_lTh¬��Y����2�§¨�clBC¬
– comm R¼ I ²�����2�d kU

– request R¼ O BCOP�¬MPI_WAITALLlÅ°¬
�e
D�`Ñm�KkUv0.sU^MPI_IRECV_Zfg�
¼�BØm%Ú����¼c���DCâ±SghimMN

– ierr R¼ O ,7²�´



33

MPI_WAITALL
• 1A1×J��5��BC�J��É�lsU^MPI_ISEND_@^MPI_IRECV_�Å°
�H ¡$����.�K�SU.SÅ°kU¬

• 9Cjm�.^MPI_WAITALL_�Z[�S9CY�UV.�\��Q�imcÌc
h¬6Cjm^MPI_WAITALL_�Z[�S6CY�UV.�\�q°�imcÌch¬

• R¡�rSGihG«$ ^MPI_ISEND_@^MPI_IRECV_��jS�K�i¿Th¬
– ^MPI_ISEND/IRECV_l��BCOP��Å°kU�@

• ^MPI_BARRIER_@��T}cdelsUr$k°ml�ch¬
– 9NS¿TUr$^request_$^status_.�\rD�ðQ]FG�$lf¿
^MPI_ISEND/IRECV_�Zfgk@úªrmðcU$@h}T}cìí¿sU¬

• call MPI_WAITALL (count,request,status,ierr)
– count R¼ I �KkUv0.sU^MPI_ISEND_ $^MPI_RECV_Zfg�¼¬
– request R¼ I/O BCOP�¬^MPI_ISEND_$^MPI_IRECV_lq°�HOP

�nSAo¬�e
�`ÑD�count��
– status R¼ O pq�J�µõ	e
�e
�`ÑD�MPI_STATUS_SIZE,count��

MPI_STATUS_SIZED “mpif.h”,”mpi.h”l \ÌGU
r�Y�2DCâ±SghimMN

– ierr R¼ O ,7²�´

34

pq�J�µõ	e
�status object�D
status

• call MPI_WAITALL (count,request,status,ierr)
– count R¼ I �KkUv0.sU^MPI_ISEND_ $^MPI_RECV_Zfg�¼¬
– request R¼ I/O BCOP�¬^MPI_ISEND_$^MPI_IRECV_lq°�HOP

�nSAo¬�e
�`ÑD�count��
– status R¼ O pq�J�µõ	e
�e
�`ÑD�MPI_STATUS_SIZE,count��

MPI_STATUS_SIZED “mpif.h”,”mpi.h”l \ÌGU
r�Y�2

– ierr R¼ O ,7²�´

• �ö.T}S�\øù­®�ò;�i�ð
�lTh�CSghimMN�D

allocate (stat(MPI_STATUS_SIZE,NEIBPETOT))

35

MPI_SENDRECV
• MPI_SEND+MPI_RECV

• call MPI_SENDRECV
(sendbuf,sendcount,sendtype,dest,sendtag,recvbuf,
recvcount,recvtype,source,recvtag,comm,status,ierr)
– sendbuf ^Ã I 9CY�UV.H_�´��$

– sendcount R¼ I 9CY����.�`Ñ

– sendtype R¼ I 9CY����.1�22`�

– dest R¼ I aH����.�´�����õ�

– sendtag R¼ I 9C°Y����2�$9CY����.ýþ�bPkU@�SÅ°¬

BØm^0_lTh¬
– recvbuf ^Ã I 6CY�UV.H_�´��$

– recvcount R¼ I 6CY����.�`Ñ

– recvtype R¼ I 6CY����.1�22`�

– source R¼ I 9C'����.�´�����õ�

– sendtag R¼ I 6C°Y����2�$9CY����.ýþ�bPkU@�SÅ°¬

BØm^0_lTh¬��Y����2�§¨�clBC¬
– comm R¼ I ²�����2�d kU

– status R¼ O pq�J�µõ	e
�e
�`ÑD�MPI_STATUS_SIZE��
MPI_STATUS_SIZED “mpif.h”l \ÌGUr�Y�2
Câ±SghimMN

– ierr R¼ O ,7²�´

36

BCOP�$pq�J�µõ	e
. º.
=7�FORTRAN�

• MPI_Sendrecv: status

integer status (MPI_STATUS_SIZE)

• MPI_Isend: request
• MPI_Irecv: request
• MPI_Waitall: request, status

integer request(NEIBPETOT)
integer status (MPI_STAUTS_SIZE,NEIBPETOT)
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BCOP�$pq�J�µõ	e
. º.
=7�C�D$sc�¼.trsU

• MPI_Sendrecv: status

• MPI_Isend: request
• MPI_Irecv: request
• MPI_Waitall: request, status

MPI_Status *StatSend, *StatRecv;
MPI_Request *RequestSend, *RequestRecv;
ttt
StatSend = malloc(sizeof(MPI_Status) * NEIBpetot);
StatRecv = malloc(sizeof(MPI_Status) * NEIBpetot);
RequestSend = malloc(sizeof(MPI_Request) * NEIBpetot);
RequestRecv = malloc(sizeof(MPI_Request) * NEIBpetot);

MPI_Status *Status;
ttt
Status = malloc(sizeof(MPI_Status));

38

%&'PQRu1�¥¦1�234�1/5�
NG=16.%&'­®

• NG=16.%&'­®�4­®�������SQ��i�

SPQR�M&vf�.>?�9�kUH\Sv0c1�
234�56U¬

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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%&'PQRu1�¥¦1�234�2/5�
¥¦0�§¨

• �­®�������S�hi$N=4.¥¦1�2�w}

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

¤�0�§¨

¥¦0�§¨
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%&'PQRu1�¥¦1�234�3/5�
­®�.0�

• PQR�M&vfê3PQ�.>?��
S9�kUH\S
m$aÂ­®�.0�.xy�5/kUv0rsU¬
– ­®z��Y����

• 0�§¨r0$N+1�=5�.0��{6H$¥¦1�234

1 2 3 4
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%&'PQRu1�¥¦1�234�4/5�
v0c&'D�|

• ­®�.0�$��Y�����aÂ­®��0�.bP
– ­®�0��i=1~N� D�|�Interior/Internal Points�

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4

PE#0
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• ^­®z��Y����_�5/�H�
>?�9ÞkUH\
Sm ?
– �­®�������S��U^��|_.&'�$�%Ú­®S^�
|_.&'@�ieCkUv0rsU¬

– |.H\.¥¦1�234rv0
• %Ú�ihU­®¼$%Ú�ihU­®§¨

– 1A1BC. ¡�0
– ��Y����0��ï��ihU­®�������

• %Ú­®@.^BCI�J�_
– ��|D%Ú­®�.^9C_�send�
– �| D%Ú­®�Ì.^6C_�recv�
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• �|$�|
– �|!�|@cUT}S¥¦§¨�
g�U

• %Ú­®&'
– ��Y����0��ï�kU­®
– %Ú­®¼$§¨

• �|&'
– �.­®�Ì$lX.$�.�|.
&'�^6CDimport_kU�

• ��|&'
– lX.$�.��|.&'�$�.
­®S^9CDexport_kU�
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%E8FGHBCI�J�D9C

• 9C� 
– NEIBPETOT$NEIBPE(neib)

• |GÊG.9C� S9UY�����`Ñ
– export_index(neib), neib= 0, NEIBPETOT

• ^��|_§¨
– export_item(k), k= 1, export_index(NEIBPETOT)

• |GÊG.9C� S9UY����
– SENDbuf(k), k= 1, export_index(NEIBPETOT)
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%E8FGHBCI�J�D6C

• 6C� 
– NEIBPETOT$NEIBPE(neib)

• |GÊG.6C� �Ì6�SUY�����`Ñ
– import_index(neib), neib= 0, NEIBPETOT

• ^�|_§¨
– import_item(k), k= 1, import_index(NEIBPETOT)

• |GÊG.6C� �Ì6�SUY����
– RECVbuf(k), k= 1, import_index(NEIBPETOT)
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9C�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)

9CY�UV�.k>
�fc�.�¼��Ú9C$6CSÅ
}.lmcð$�.T}cY�UV�%�
k>�i>?kU�@��\U¬
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9C�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

9CY�UV�.k>
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6C�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)

6CY�UV�Ìk>
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6C�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)

6CY�UV�Ì.k>
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%E8FGHBCI�J�D 9C
!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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%E8FGHBCI�J�D 6C
!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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9@l��zihU.�
!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===

• O6«$PE#1�ÌmPE#0$PE#2S9C�i$PE#0$PE#2�Ì6CkU¬
• PE#0mPE#1�Ì$PE#2mPE#1@PE#3�Ì6CkU¬
• IRECV.[Qlm$� .PE�NEIBPE(neib)�rISEND.���luQS��
i9zHY�����6CkU¬

• 9C�.len_s$6C�.len_rm%��ihc�G«cÌch¬
• NEIBPE(neib)rÈ�É�H@�SBCr)�kU¬

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

• 9C't6CH����§¨$Y�����`Ñ$
�\.R¡� !

• NEIBPE�neib�rÈ�É�H@�SBCr½�U¬
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• 9C't6CH����§¨$Y�����`Ñ$
�\.R¡� !

• NEIBPE�neib�rÈ�É�H@�SBCr½�U¬

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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e
.96C:�Ã

• 9C�.^length_send_@6C�.^length_recv_m%��
ihUv0rsU¬
– PE#0�PE#1$PE#1�PE#0

• ^9CY�UV_@^6CY�UV_mP.�´��

#PE0
send:
SENDbuf(iS_e)~
SENDbuf(iE_e+BUFlength_e-1)

#PE1
recv:
RECVbuf(iS_i)~
RECVbuf(iE_i+Buflength_i-1)

#PE1
send:
SENDbuf(iS_e)~
SENDbuf(iE_e+BUFlength_e-1)

#PE0
recv:
RECVbuf(iS_i)~
RECVbuf(iE_i+Buflength_i-1)
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c� SENDbuf$RECVbuf �°ÃkU�?
• BUF��ÚÅzi¿ãh.lsUrttt

!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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c� SENDbuf$RECVbuf �°ÃkU�?
• BUF��ÚÅzi¿ãh.lsUrttt

– �æcü�ScziÅhSðh

!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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9CY�UV.Àe

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
H@6«$�.��|mWJ�ihc
h.l$

t 9CY�UV.H_�´��
t |��Ì¼6i��.�`Ñ.
Y����

@h}T}c7Rr��

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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• :;<=>?@MPI
• 1A1BCD%E8FGHBCI�J�

–%&'KL
–M&'KL

• 1A1BC.9NO
•PQRSTU%&'()*7VWX�Y�.�
8
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]�h§¨
�

• ­®�.0�$��Y�����aÂ­®��0�.bP
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%&'PQRu1�¥¦1�234
]�h§¨
�

• ­®�0�$��Y�����aÂ­®��0�.bP
– ­®�0��i=1~N� D�|�Interior/Internal Points�
– ��Y����0��i=N+1, N+2�D�|�Exterior/External Points�

• i=N+1$i=N+2.0�r}~�ch ¡¿sU
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%&'PQRu1�¥¦1�234
]�h§¨
�

• ­®�0�$��Y�����aÂ­®��0�.bP
– ­®�0��i=1~N� D�|�Interior/Internal Points�
– ��Y����0��i=N+1, N+2�D�|�Exterior/External Points�

• i=N+1$i=N+2.0�r}~�ch ¡¿sU
– ^�|_.}ä4­®.^�|_@czihU0�D��|�Boundary

Points�
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%E8FGHBCI�J�D 9C
!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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%E8FGHBCI�J�D 6C
!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)

92

1DPQR.�
>?Sv0c&'�1/4�
�|t�|t���|�

5 1 2 3 4 6

¥¦0�§¨
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1DPQR.�
>?Sv0c&'�2/4�
%Ú�����&'

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

�.­®�Ì2g.%Ú­®�¡>2g.0����|���9C�$
2g.0���|���6CkU
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1DPQR.�
>?Sv0c&'�3/4�
BCI�J�

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

%ÚPE�.
9C���|�

%ÚPE�Ì.
6C��|�

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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1DPQR.�
>?Sv0c&'�4/4�
BCI�J�

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)

%ÚPE�.
9C���|�

%ÚPE�Ì.
6C��|�

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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9CD%&'KL

• 9C� 
– NEIBPETOT$NEIBPE(neib)

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

• |GÊG.9C� S9UY�����`Ñ
– export_index(neib), neib= 0, NEIBPETOT

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

• ^��|_§¨
– export_item(k), k= 1, export_index(NEIBPETOT)

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

• |GÊG.9C� S9UY����
– 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)

6C:%&'KL

• 6C� 
– NEIBPETOT$NEIBPE(neib)

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

• |GÊG.6C� �Ì6�SUY�����`Ñ
– import_index(neib), neib= 0, NEIBPETOT

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

• ^�|_§¨
– import_item(k), k= 1, import_index(NEIBPETOT)

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

• |GÊG.6C� �Ì6�SUY����
– RECVbuf(k), k= 1, import_index(NEIBPETOT)

• BUF(N+1)=RECVbuf(1), BUF(N+2)=RECVbuf(2)
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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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NEIBPETOT= 2
NEIBPE[0]= my_rank - 1
NEIBPE[1]= my_rank + 1

import_index[1]= 0
import_index[2]= 1
import_item [0]= N
import_item [1]= N+1

export_index[1]= 0
export_index[2]= 1
export_item [0]= 0
export_item [1]= N-1

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

endif

4 0 1 2 3 5

BUF[4]=RECVbuf[0] BUF[5]=RECVbuf[1]

4 0 1 2 3 5

SENDbuf[0]=BUF[0] SENDbuf[1]=BUF[3]
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• ��Y����.sU%&'Q�1�2�NG=16$4­®�
Sghi$������l^�|_SÛkU&'�>��$
^��|_.&'�$�%Ú­®S^�|_.&'@�ie
CkU¬

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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¶?�\�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

• �PE.�|�i=1~N(=4)�S�hi¥¦1�2�����$^�
�|_.1�2��%Ú­®S��U^�|_@�ieCkU¬
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¶?�\�2/3�D9C$6C�

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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¶?�\�3/3�D9C$6CM

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

104

��������-

$ 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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%&'u1�OLD 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===

106

%&'u1�OL: 1d-srb1.f �3/10�
�PES�hi¥¦1�2��|.#�����

!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:�|¼
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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
�|¼D1

PE#1
iS= 1
iE= N+2
�|¼D2

PE#2
iS= 1
iE= N+2
�|¼D2

PE#3
iS= 1
iE= N+1
�|¼D1
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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

%ÚPE¼�NEIBPETOT�$
%ÚPE�NEIBPE��� 

PE#0 PE#1 PE#2 PE#3
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%E8FGHBCI�J�

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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!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===

• øù­®�ò;kU
�lãh!!
• BCOP�Drequest handle�BCÐõ��	$@¿â}�

– 9C°Drequest_send$6C°Drequest_recv
• pq�J�µõ	e
Dstatus object

– 9C°Dstat_send$6C°Dstat_recv
• MPI_STATUS_SIZE

– “mpif.h”$”mpi.h” l ºFGihU¬
– � S�.¼���Q�imh�ch¬
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!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)

¥¦0�§¨

%Ú�����S BUF(1)$BUF(N) �9U���kU
��|&'� SENDbufSk>
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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(is)�ÌÎ�U$óFlen_s�=1�.Y�
����%ÚPE�NEIBPE(neib)�S9CkU¬
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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(ir)�ÌÎ�U$óFlen_r�=1�.Y�
����%ÚPE�NEIBPE(neib)��Ì6CkU¬
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!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===

�.Y����.s@$RECVbuf.
ê��q°kU�@r�e@cU¬
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!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===

BCOP��6C�

BCOP� pq�J�µõ	e


�.Y����.s@$RECVbuf.
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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(5)=RECVbuf(1) BUF(6)=RECVbuf(2)

¥¦0�§¨

%Ú������Ì6�
SzH#�BUF(N+1)$
BUF(N+2)Sk>kU¬
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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////:///65:

.../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===

�.Y����.s@$SENDbuf.
ê���QkU�@r�e@cU¬

119

%&'u1�OL: 1d-srb1.f �10/10�
!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===

BCOP�
�9C°�

pq�J�µõ	e

�9C°�
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MPI_ISEND/IRECV/WAITALL@
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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• BCOP� request � ºD9C°$6C°
• pq�J�µõ	e
 status � ºD9C°$6C°
• MPI_Isend$MPI_IrecvS|GÊGAo�HMPI_Waitall�
Z[
– request$statuslbP

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_SENDRECV.Åh7
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

• pq�J�µõ	e
 status
– status(MPI_STATUS_SIZE) � ºkU
�lãh
– Isend/Irecv/Waitall.@�@m status.�`Ñr�cU.l�Ãk
U�@¬
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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)
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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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• :;<=>?@MPI
• 1A1BCD%E8FGHBCI�J�

–%&'KL
–M&'KL

• 1A1BC.9NO
•PQRSTU%&'()*7VWX�Y�.�
8
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�úª
�ï��eR
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

�
>?$­®zBCrv0c[Q

• �
ôõ	�!
• �!
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�fSPMD

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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CGRlmlm�}cU
BC��zihU¦
���CPU@�cU

PE #0

X= X + aY

Data #0

PE #1

Data #1

PE #2

Data #2

PE #M-1

Data #M-1

�!

�
ôõ	�!

X= X + aY

�!

�
ôõ	�!

X= X + aY

�!

�
ôõ	�!

X= X + aY

�!

�
ôõ	�!

­®zBC
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• �
ôõ	�!
– ­®��1�2.���9��i$�|.ôõ	�#."]#�

i�ð¬

!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===

ï��eR.^�
8_�2/2�

• �!
– MPI_ALLREDUCE

allreduce RHO

132

MPI_ALLREDUCE

• MPI_REDUCE + MPI_BCAST
• � $"�#�>?�HÌ$�����lq°�Hh ¡rÆh

• call MPI_ALLREDUCE
(sendbuf,recvbuf,count,datatype,op, comm,ierr)
– sendbuf ^Ã I 9CY�UV.H_�´��$

– recvbuf ^Ã O 6CY�UV.H_�´��$

2`�m^datatype_STÝ� 
– count R¼ I Y����.�`Ñ

– datatype R¼ I Y����.1�22`�

– op R¼ I >?.ýþ

– comm R¼ I ²�����2�d kU

– ierr R¼ O ,7²�´

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/Allreduce. ¡op¢

• MPI_MAX$MPI_MIN "�#$"£#

• MPI_SUM$MPI_PROD � $!

• MPI_LAND áªAND

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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UV`�
$ cd <$1DH>/parallel

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

$ qsub go.sh
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%&'()*7VWD�
¤�1/7�
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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%&'()*7VWD�
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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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%&'()*7VWD�
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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

AL AD AR RHS

xBF
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02

������

���

AD(1) AR(1)

1 2 3 4 5 6 7 8
1

2

3

4

5

6

7

8

AL(2) AD(2) AR(2)

AL(3) AD(3) AR(3)

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

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

AL(6) AD(6) AR(6)

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

AL(8) AD(8)

AD(1) AR(1)

1 2 3 4 5 6 7 8
1

2

3

4

5

6

7

8

AL(2) AD(2) AR(2)AL(2) AD(2) AR(2)

AL(3) AD(3) AR(3)AL(3) AD(3) AR(3)

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

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

AL(6) AD(6) AR(6)AL(6) AD(6) AR(6)

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

AL6 AD6 AR6

AL7 AD7 AR7

AL8 AD8

1 2 3 4 5 6 7 8
1

2

3

4

5

6

7

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
1

2

3

4

5

6

7

8

×A¦ÔQ.¼m^2_
H
�$Õ§lm ^1_

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

2 3 4 1 2 3 4 1 2 3 4 1 2 3 41
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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�

��¨©�Xmax�

|G��
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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[0]= my_rank - 1
NEIBPE[1]= my_rank + 1

import_index[1]= 0
import_index[2]= 1
import_item [0]= N
import_item [1]= N+1

export_index[1]= 0
export_index[2]= 1
export_item [0]= 0
export_item [1]= N-1

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

endif

4 0 1 2 3 5

BUF[4]=RECVbuf[0] BUF[5]=RECVbuf[1]

4 0 1 2 3 5

SENDbuf[0]=BUF[0] SENDbuf[1]=BUF[3]
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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

|G��

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

|G��

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

|G��

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

1DPQR.�
>?Sv0c&'
]�h¥¦§¨
��BCI�J�

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)

%ÚPE�.
9C���|�

%ÚPE�Ì.
6C��|�

Æ&'�.ªè�
56U@�.T}c
¥¦§¨
�ru«
�0~N+1���1~N+2�
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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[0]= my_rank - 1
NEIBPE[1]= my_rank + 1

import_index[1]= 0
import_index[2]= 1
import_item [0]= N
import_item [1]= N+1

export_index[1]= 0
export_index[2]= 1
export_item [0]= 0
export_item [1]= N-1

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

endif

4 0 1 2 3 5

BUF[4]=RECVbuf[0] BUF[5]=RECVbuf[1]

4 0 1 2 3 5

SENDbuf[0]=BUF[0] SENDbuf[1]=BUF[3]
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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

9CY�UVS
W(i,p).#�>GU
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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)

9CD%&'KL

• 9C� 
– NEIBPETOT$NEIBPE(neib)

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

• |GÊG.9C� S9UY�����`Ñ
– export_index(neib), neib= 0, NEIBPETOT

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

• ^��|_§¨
– export_item(k), k= 1, export_index(NEIBPETOT)

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

• |GÊG.9C� S9UY����
– SENDbuf(k), k= 1, export_index(NEIBPETOT)

• SENDbuf(1)= BUF(1), SENDbuf(2)= BUF(N)
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9C�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)

9CY�UV�.k>
�fc�.�¼��Ú9C$6CSÅ
}.lmcð$�.T}cY�UV�%�
k>�i>?kU�@��\U¬
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9C�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

9CY�UV�.k>
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6C:%&'KL

• 6C� 
– NEIBPETOT$NEIBPE(neib)

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

• |GÊG.6C� �Ì6�SUY�����`Ñ
– import_index(neib), neib= 0, NEIBPETOT

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

• ^�|_§¨
– import_item(k), k= 1, import_index(NEIBPETOT)

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

• |GÊG.6C� �Ì6�SUY����
– 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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6C�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)

6CY�UV�Ìk>
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6C�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)

6CY�UV�Ì.k>
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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

96C
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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

%ÚPE�Ì6C�H6
CY�UV.#�
W(i,p)S>GU

�
ôõ	�!
{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$input.dat ��6i>?�i¬T
PE¼$Ng

#@$-r paraCG
#@$-q lecture7
#@$-N 1
#@$-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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