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eps_fvmAUVp _

program eps fvmprogram eps_fvm
use eps_fvm_all

implicit REAL*8 (A-H,O-Z)p

call eps_fvm_input_grid BC�D¦§¨§(#S-GRID)
call poi_gen ©ª	 3«¬
call eps fvm solver ­®¯°¥call eps_fvm_solver ­®¯°¥

call output_ucd AVS±²³�´v°µ¶·¸(S-GRID-R-UCD)

end program eps_fvm_
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ÆUV¹¶qrst�
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) (i 1)

• >�Ç ª°p
• Ç ª°|p
i-1= r(i-1) z(i-1)

if i=1
p(1)= z(0)

else

 ª°|p
• Ç ª°�ÈÉAÊË
• ÆUV�ÅÌ3

	�7�else

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

endif

ÆUV�ÅÌ3
 	�7�

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

�i = 
i-1/p(i)q(i)
x(i)= x(i-1) + �ip(i)

x(i) HÇ ª°
� H3Í8
x x + �ip

r(i)= r(i-1) - �iq(i)

check convergence |r|
end

�i H3Í8
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ÆUV¹¶qrst�
Preconditioned Conjugate Gradient Method �CG�

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

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

(i 1) (i 1)

• >�Ç ª°p
• Ç ª°|p
i-1= r(i-1) z(i-1)

if i=1
p(1)= z(0)

else

 ª°|p
• Ç ª°�ÈÉAÊË
• ÆUV�ÅÌ3

	�7�else

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

endif

ÆUV�ÅÌ3
 	�7�

do i= 1, Nendif
q(i)= [A]p(i)

�i = 
i-1/p(i)q(i)
x(i)= x(i-1) + �ip(i)

,
Y(i)= D(i)*X(i)
do j= INDEX(i-1)+1, INDEX(i)
Y(i)= Y(i) + AMAT(j)*X(ITEM(j))

enddox x + �ip
r(i)= r(i-1) - �iq(i)

check convergence |r|
end

enddo
enddo

ÎÏA X(ITEM(i))Ea2 ¥ 8C�c� �ÎÏA X(ITEM(i))Ea2
¥
8C�c� �
�Ðx�½¾ÑEf�H]^�«
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ÆUV¹¶qrst�
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) (i 1)

• >�Ç ª°p
• Ç ª°|p
i-1= r(i-1) z(i-1)

if i=1
p(1)= z(0)

else

 ª°|p
• Ç ª°�ÈÉAÊË
• ÆUV�ÅÌ3

	�7�else

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

endif

ÆUV�ÅÌ3
 	�7�

DOTP= 0.d0endif
q(i)= [A]p(i)

�i = 
i-1/p(i)q(i)
x(i)= x(i-1) + �ip(i)

do i= 1, N
DOTP= DOTP + X(i)*Y(i)

enddo
x x + �ip
r(i)= r(i-1) - �iq(i)

check convergence |r|
end

WX� N|pMÒy�_`Ef�H
]^�«
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ÆUV¹¶qrst�
Preconditioned Conjugate Gradient Method �CG�

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

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

(i 1) (i 1)

• >�Ç ª°p
• Ç ª°|p
i-1= r(i-1) z(i-1)

if i=1
p(1)= z(0)

else

 ª°|p
• Ç ª°�ÈÉAÊË
• ÆUV�ÅÌ3

	�7�else

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

endif

ÆUV�ÅÌ3
 	�7�

do i= 1, Nendif
q(i)= [A]p(i)

�i = 
i-1/p(i)q(i)
x(i)= x(i-1) + �ip(i)

,
z(i)= ALPHA*X(i) + Y(i)

enddo

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

end

� |NZ[E½¾H]^Ó`

T2K-FVM-02 23

ÆUV¹¶qrst�
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) (i 1)

• >�Ç ª°p
• Ç ª°|p
i-1= r(i-1) z(i-1)

if i=1
p(1)= z(0)

else

 ª°|p
• Ç ª°�ÈÉAÊË
• ÆUV�ÅÌ3

	�7�else

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

endif

ÆUV�ÅÌ3
 	�7�

do i= 1, Nendif
q(i)= [A]p(i)

�i = 
i-1/p(i)q(i)
x(i)= x(i-1) + �ip(i)

,
Y(i)=X(i)/D(i)

enddo

x x + �ip
r(i)= r(i-1) - �iq(i)

check convergence |r|
end

� |NZ[E½¾H]^Ó`
�ÆUVÔ��ÕÖx�E�
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ÆUV¹¶qrst�
Preconditioned Conjugate Gradient Method �CG�

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

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

(i 1) (i 1)

��Z[T� \]^E_`QUV


i-1= r(i-1) z(i-1)
if i=1
p(1)= z(0)

else

• >�Ç ª°p
• |p

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

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

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

check convergence |r|
end
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qrst�Aa��ec�×/2�qrst�A ��ec�×/2�

• >�Ç ª°p• >�Ç ª°p
– 2
¥
8C�� �
�AØÙM¡¢¸iTÇ ª°ÚAÛÜÚ
MÝiÞßnMÝiÞßn

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

exchange W(i,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
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qrst�Aa��ec�2/2�qrst�A ��ec�2/2�

|p• |p
– MPI_ALLREDUCE

!C
!C +-------------+
!C | RHO= {r}{z} |
!C!C +-------------+
!C===

RHO= 0.d0

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

enddo

!C===

allreduce RHO
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¥
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PE #0 PE #1 PE #2 PE #M-1

poi_gen poi_gen poi_gen poi_gen

solver solver solver solver� \]^

Data #0 Data #1 Data #2 Data #M-1



T2K-FVM-02 28

�����
�Aâ`����� �Aâ`

• |ã• |ã
• äãH2
¥
8C�� 
• �Gã

• � \]^å
æ°
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|ã�Internal Points�
èA� ��év�áºg`�

T2K-FVM-02 30
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ç� �_`Q-.�2/4�

|ã�Internal Points�
èA� ��év�áºg`�

äã�External Points�
êA� ��év�áºg`�Nf�EèA� AZ
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¥
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oFXp�oFXp�
ç� �_`Q-.�4/4�

|ã�Internal Points�
èA� ��év�áºg`�

äã�External Points�
êA� ��év�áºg`�Nf�EèA� AZ
[M¡¢x�A�_`Q`�[M¡¢x�A�_`Q`�
�2
¥
8C�� A`��

�Gã�Boundary Points�
|ãA�ë êA� AäãPQ i��`�|ãA�ëTêA� AäãPQhi��`�
êA� AZ[�ì±áº�`�
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– |ãôäãPQ����a��õöc
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• SPMD
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– ��TøXCPUAùúû��678
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• |ã äã• |ãTäã
– |ãôäãPQ������õöM
�÷�
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�÷�

• ��� -.
– 2
¥
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– 2 ¥ 8C�`�Mqox�� 

– ��� ÈTõö
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9 10 11 12 19

• äã-.
– ~A� ��TÀþAT~AäãA
-.Ma�^Himportcx��1 2 3 4 17
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-.Ma�^Himportcx��
• �Gã-.

ÀþA ~A�GãA-.M ~A– ÀþAT~A�GãA-.MT~A
� �a�^Hexportcx��
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• a]^cPkaäãcA-.MTèAaäãcEL�Ð¸i�
�� ��Ý�üPNf��� ��Ý�üPNf�n

a]^ æ � äã �ï -.M �• a]^å
æ°cPk� \AäãA�ïA-.M��
¸gÂAn

– a�^å
æ°�export�cTa�^å
æ°�import�cEf�n

• ��� PAaÄÅÄc]^M�±N¶�
– MPI_Isend, MPI_Irecv, MPI_Waitall_ , _ , _
– MPI_Sendrecv
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MPIabc�� d
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Äòeáºg]^å
æ°H�^òeáºg]^å æ°H�^

• �^íÔ• �^íÔ
– NEIBPETOTTNEIB(neib)
èº�º �^íÔ���B 1 	év
��p�• èº�ºA�^íÔ���BC1
	év
��p�
– export_index(neib), neib= 1, NEIBPETOT

• a�Gãcõö
– export_item(k), k= 1, export_index(NEIBPETOT)p _ ( ) p _ ( )

• èº�ºA�^íÔ���BC1
	
– SENDbuf(k) k= 1 export index(NEIBPETOT)SENDbuf(k), k  1, export_index(NEIBPETOT)

• CRS�>��
��Aindex~itemA�ï• CRS�>��
��Aindex~itemA�ï
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�^�MPI_Isend/Irecv/Waitall�_
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)

YZ[\]^_`abYZcaY`defghfiYZ[\]^_`abYZcaY`dgjk+YZ[\]^_`^YlJ
aY`djk+BC��#m�UV&

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

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

aY`djk+BC��#m�UV&

SENDbuf(k)= VAL(kk)
enddo

enddo

do neib= 1, NEIBPETOT
iS t i d ( ib 1) + 1

�^¥C�´dA��

�@Q~A�ÈM���^T�^�ì
�ANkQßTüA��Q¥C�´dÄ�
��¸ Z[x�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,&

��¸iZ[x�

_ _ _
&  MPI_COMM_WORLD, request_send(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_send, stat_recv, ierr)
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�^�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)

YZ[\]^_`abYZcaY`defghfiYZ[\]^_`abYZcaY`dgjk+YZ[\]^_`^YlJ
aY`djk+BC��#m�UV&

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

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

�^¥C�´dA��

aY`djk+BC��#m�UV&

SENDbuf(k) VAL(kk)
enddo

enddo

do neib= 1, NEIBPETOT
iS e= export index(neib 1) + 1iS_e= export_index(neib-1) + 1
iE_e= export_index(neib  )
BUFlength_e= iE_e + 1 - iS_e

call MPI_SENDRECV              &
b f(i ) l h ( ib) 0&         (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
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Äòeáºg]^å
æ°H�^òeáºg]^å æ°H�^

• �^íÔ• �^íÔ
– NEIBPETOTTNEIB(neib)
èº�º �^íÔ���÷��B 1 	év
• èº�ºA�^íÔ���÷��BC1
	év

– import_index(neib), neib=1, NEIBPETOT

• aäãcõö
– import_item(k), k= 1, import_index(NEIBPETOT)p _ ( ) p _ ( )

• èº�ºA�^íÔ���÷��BC1
	
– RECVbuf(k) k= 1 import index(NEIBPETOT)RECVbuf(k), k  1, import_index(NEIBPETOT)
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�^�MPI_Isend/Irecv/Waitall�_
do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib  )
BUFlength i= iE i + 1 - iS ig _ _ _

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

enddoenddo
call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

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

enddo
enddo

�^¥C�´����

RECVbuf

`l[\]^_`abYZcaY`defghfi`l[\]^_`abYZcaY`dgjk+`l[\]^_`^YlJ
aY`djk+BC��nop�UV&

neib#1
RECVbuf

neib#2 neib#3 neib#4

BUFlength_i BUFlength_i BUFlength_i BUFlength_i

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)
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�^�MPI_Sendrecv�_
do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib  )
BUFlength i= iE i + 1 - iS ig _ _ _

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)& MPI_COMM_WORLD, stat_sr, ierr)

enddo

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk i t it (k)

�^¥C�´��A��
kk= import_item(k)
VAL(kk)= RECVbuf(k)

enddo
enddo

�^ �

RECVbuf

`l[\]^_`abYZcaY`defghfi`l[\]^_`abYZcaY`dgjk+`l[\]^_`^YlJ
aY`djk+BC��nop�UV&

neib#1
RECVbuf

neib#2 neib#3 neib#4

BUFlength_i BUFlength_i BUFlength_i BUFlength_i

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

T2K-FVM-02 47

é��°�678w ���� �A�é��°�678wH ����
�A�

FORTRAN $ cd <$FVM>/local/4pe

$ mpif90 –Oss -noparallel sq-sr1 f Isend/Irecv$ mpif90 Oss noparallel sq sr1.f Isend/Irecv
$ mpif90 –Oss -noparallel sq-sr2.f Sendrecv

(go shM��)(go.shM��)
$ qsub go.sh

C $ cd <$FVM>/local/4pe

$ mpicc Os noparallel sq sr1 c Isend/Irecv$ mpicc –Os -noparallel sq-sr1.c Isend/Irecv
$ mpicc –Os -noparallel sq-sr2.c Sendrecv

M��(go.shM��)
$ qsub go.sh
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• 8I8=64`���!áº57 58 59 60 61 62 63 64 • 8I8=64`���!áº
g���� Mz{�n

57 58 59 60 61 62 63 64
49 50 51 52 53 54 55 56

• ç`��k1ô64�NA
41 42 43 44 45 46 47 48
33 34 35 36 37 38 39 40 WX`�õöE��ºi

��n

33 34 35 36 37 38 39 40
25 26 27 28 29 30 31 32

– �øAgyTüAaWX`
�õöcMç`��Þ÷�
�Ð�ÈÚ��@A��Q

17 18 19 20 21 22 23 24
9 10 11 12 13 14 15 16 �Ð�ÈÚ��@A��Q

ÂA�Px�

9aZ[²³cA��QÂA

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

– 9aZ[²³cA��QÂA
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61
53
45
37

60
52
44
36
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1 2 3 4
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25 26 27 28
17 18 19 20

29 30 31 32
21 22 23 24
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25 26 27 28
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21

28
20
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PE#0 PE#1
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21
13
5

20
12
4
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oFXp�A2!"
���

57 58 59 60 61 62 63 6457 58 59 60
49 50 51 52

61 62 63 64
53 54 55 56

S

a
b

d
dai

49 50 51 52
41 42 43 44

53 54 55 56
45 46 47 48

Sia

Sib

dia dib

d

dbi 33 34 35 36 37 38 39 40
25 26 27 28 29 30 31 32

i

Sic

dic

cdci

Sid

TiBe Sie

die

25 26 27 28
17 18 19 20

29 30 31 32
21 22 23 24

qid 9 10 11 12
1 2 3 4

13 14 15 16
5 6 7 81 2 3 4 5 6 7 8
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57 58 59 60 61 62 63 6457 58 59 60
49 50 51 52

61 62 63 64
53 54 55 56

S

a
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d
dai
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53 54 55 56
45 46 47 48

Sia

Sib

dia dib

d

dbi 33 34 35 37 38 39 40
25 26 30 31 32

36
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i

Sic

dic

cdci

Sid

TiBe Sie

die

25 26
17 19

30 31 32
21 22 23 2418

27 28
20
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qid 12
1 3 4

13 14 15 16
5 6 7 8

9 10 11
21 3 4 5 6 7 82
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49 50 51 52
41 42 43 44

53 54 55 56
45 46 47 48
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3
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9 10 11 12

29 30 31 32
21 22 23 24
13 14 15 169 10 11 12
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13 14 15 16
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57 58 59 60 61 62 63 64
PE#2 PE#3

1: 33 9: 49 17: ? 1: 37 9: 53 17: ?
61 6057 58 59 60

49 50 51 52
41 42 43 44

61 62 63 64
53 54 55 56
45 46 47 48

2: 34 10: 50 18: ?
3: 35 11: 51 19: ?
4: 36 12: 52 20: ?
5: 41 13: 57 21: ?

2: 38 10: 54 18: ?
3: 39 11: 55 19: ?
4: 40 12: 56 20: ?
5: 45 13: 61 21: ?

61
53
45
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52
4441 42 43 44

33 34 35 36
45 46 47 48
37 38 39 40

5: 41 13: 57 21: ?
6: 42 14: 58 22: ?
7: 43 15: 59 23: ?
8: 44 16: 60 24: ?

5: 45 13: 61 21: ?
6: 46 14: 62 22: ?
7: 47 15: 63 23: ?
8: 48 16: 64 24: ?

25 26 27 28

45
37

44
36

29 30 31 32

33 34 35 36

25 26 27 28 29 30 31 32

37 38 39 40
25 26 27 28
17 18 19 20

29 30 31 32
21 22 23 24

1: 1 9: 17 17: ?
2: 2 10: 18 18: ?
3: 3 11: 19 19: ?
4 4 12 20 20 ?

1: 5 9: 21 17: ?
2: 6 10: 22 18: ?
3: 7 11: 23 19: ?
4 8 12 24 20 ?

33 34 35 36
29
21

28
20

37 38 39 40

17 18 19 20
9 10 11 12
1 2 3 4

21 22 23 24
13 14 15 16
5 6 7 8

4: 4 12: 20 20: ?
5: 9 13: 25 21: ?
6: 10 14: 26 22: ?
7: 11 15: 27 23: ?

4: 8 12: 24 20: ?
5: 13 13: 29 21: ?
6: 14 14: 30 22: ?
7: 15 15: 31 23: ?

21
13
5

20
12
41 2 3 4 5 6 7 8

PE#0 PE#1

7: 11 15: 27 23: ?
8: 12 16: 28 24: ?

5 5 3 3
8: 16 16: 32 24: ?
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57 58 59 60 61 62 63 64
PE#2 PE#3

1: 33 9: 49 17: ? 1: 37 9: 53 17: ?
61 6057 58 59 60

49 50 51 52
41 42 43 44

61 62 63 64
53 54 55 56
45 46 47 48

2: 34 10: 50 18: ?
3: 35 11: 51 19: ?
4: 36 12: 52 20: ?
5: 41 13: 57 21: ?

2: 38 10: 54 18: ?
3: 39 11: 55 19: ?
4: 40 12: 56 20: ?
5: 45 13: 61 21: ?
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53
45
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52
4441 42 43 44

33 34 35 36
45 46 47 48
37 38 39 40

5: 41 13: 57 21: ?
6: 42 14: 58 22: ?
7: 43 15: 59 23: ?
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5: 45 13: 61 21: ?
6: 46 14: 62 22: ?
7: 47 15: 63 23: ?
8: 48 16: 64 24: ?
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45
37

44
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29 30 31 32

33 34 35 36

25 26 27 28 29 30 31 32

37 38 39 40
25 26 27 28
17 18 19 20

29 30 31 32
21 22 23 24

1: 1 9: 17 17: ?
2: 2 10: 18 18: ?
3: 3 11: 19 19: ?
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1: 5 9: 21 17: ?
2: 6 10: 22 18: ?
3: 7 11: 23 19: ?
4 8 12 24 20 ?
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29
21
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17 18 19 20
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1 2 3 4
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5: 9 13: 25 21: ?
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7: 11 15: 27 23: ?
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5: 13 13: 29 21: ?
6: 14 14: 30 22: ?
7: 15 15: 31 23: ?
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13
5

20
12
41 2 3 4 5 6 7 8
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7: 11 15: 27 23: ?
8: 12 16: 28 24: ?

5 5 3 3
8: 16 16: 32 24: ?
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61 62 63 64
PE#2 PE#3

1: 33 9: 49 17: 37 1: 37 9: 53 17: 36
61 6057 58 59 60 61 62 63 64

53 54 55 56
45 46 47 48

2: 34 10: 50 18: 45
3: 35 11: 51 19: 53
4: 36 12: 52 20: 61
5: 41 13: 57 21: 25

2: 38 10: 54 18: 44
3: 39 11: 55 19: 52
4: 40 12: 56 20: 60
5: 45 13: 61 21: 29

61
53
45

60
52
44

57 58 59 60
49 50 51 52
41 42 43 44 45 46 47 48

37 38 39 40

5: 41 13: 57 21: 25
6: 42 14: 58 22: 26
7: 43 15: 59 23: 27
8: 44 16: 60 24: 28

5: 45 13: 61 21: 29
6: 46 14: 62 22: 30
7: 47 15: 63 23: 31
8: 48 16: 64 24: 32
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37
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5: 9 13: 25 21: 33
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6: 14 14: 30 22: 38
7: 15 15: 31 23: 39
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13
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20
12
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SPMD���SPMD

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

%a.out” %a.out” %a.out” %a.out”

%sqm 0” %sqm 1” %sqm 2” %sqm 3”
�����
�&
���� T �'(�

sqm.0 sqm.1 sqm.2 sqm.3
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�|ãAWX
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PE#0�Þ÷������
��1/8�: sqm.0q
#NEIBPEtot
2
#NEIBPE
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#NODE
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17
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20
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#EXPORTindex
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#EXPORTitems#EXPORTitems
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�678w�Hsq-sr2.f �1/6�
01e01e

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

integer(kind=4) :: my_rank, PETOT
integer(kind=4) :: N, NP, NEIBPETOT
integer(kind=4) :: BUFlength_e, BUFlength_i
i (ki d 4) di i ( ) ll bl b f b finteger(kind=4), dimension(:), allocatable :: VAL, SENDbuf, RECVbuf, NEIBPE

integer(kind=4), dimension(:), allocatable :: import_index, import_item
integer(kind=4), dimension(:), allocatable :: export_index, export_item
integer(kind=4), dimension(:), allocatable :: stat srinteger(kind 4), dimension(:), allocatable :: stat_sr
character(len=80)     :: filename, line

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

call MPI_INIT     (ierr)
call MPI COMM SIZE (MPI COMM WORLD PETOT ierr )call MPI_COMM_SIZE (MPI_COMM_WORLD, PETOT, ierr )
call MPI_COMM_RANK (MPI_COMM_WORLD, my_rank, ierr )

!C===
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�678w�Hsq-sr2.f �2/6�
����B � � �� *�¦§¨§

!C
!C-- MESH

����BC�D�
��sqm.*�¦§¨§

if (my_rank.eq.0) filename= 'sqm.0'
if (my_rank.eq.1) filename= 'sqm.1'
if (my_rank.eq.2) filename= 'sqm.2'
if (my_rank.eq.3) filename= 'sqm.3'
open (21, file= filename, status= 'unknown')
read (21,*) NEIBPETOT

allocate (NEIBPE(NEIBPETOT))
allocate (import_index(0:NEIBPETOT))
allocate (export_index(0:NEIBPETOT))

import index= 0_
export_index= 0

read (21,*) (NEIBPE(neib), neib= 1, NEIBPETOT)
read (21,*) NP, N
read (21,'(a80)') line
read (21,*) (import_index(neib), neib= 1, NEIBPETOT)_

nn= import_index(NEIBPETOT)
allocate (import_item(nn))

do i= 1, nn
read (21,*) import_item(i)

enddo
read (21,'(a80)') line
read (21,*) (export_index(neib), neib= 1, NEIBPETOT)

nn= export_index(NEIBPETOT)
allocate (export_item(nn))

do i= 1, nn
read (21,*) export_item(i)

enddo
close (21)
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�678w�Hsq-sr2.f �2/6�
����B � � �� *�¦§¨§

!C
!C-- MESH

����BC�D�
��sqm.*�¦§¨§
#NEIBPEtot
2
#NEIBPEif (my_rank.eq.0) filename= 'sqm.0'

if (my_rank.eq.1) filename= 'sqm.1'
if (my_rank.eq.2) filename= 'sqm.2'
if (my_rank.eq.3) filename= 'sqm.3'
open (21, file= filename, status= 'unknown')

#NEIBPE
1  2
#NODE
24 16
#IMPORTindex
4 8read (21,*) NEIBPETOT

allocate (NEIBPE(NEIBPETOT))
allocate (import_index(0:NEIBPETOT))
allocate (export_index(0:NEIBPETOT))

import_index= 0

4 8
#IMPORTitems
17
18
19
20_

export_index= 0
read (21,*) (NEIBPE(neib), neib= 1, NEIBPETOT)
read (21,*) NP, N

read (21,*) (import_index(neib), neib= 1, NEIBPETOT)

20
21
22
23
24
#EXPORTindex_

nn= import_index(NEIBPETOT)
allocate (import_item(nn))

do i= 1, nn
read (21,*) import_item(i)

enddo

#EXPORTindex
4  8
#EXPORTitems
4
8
12

read (21,*) (export_index(neib), neib= 1, NEIBPETOT)
nn= export_index(NEIBPETOT)
allocate (export_item(nn))

do i= 1, nn

12
16
13
14
15
16read (21,*) export_item(i)

enddo
close (21)

16
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�678w�Hsq-sr2.f �2/6�
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!C
!C-- MESH

����BC�D�
��sqm.*�¦§¨§
#NEIBPEtot
2
#NEIBPEif (my_rank.eq.0) filename= 'sqm.0'

if (my_rank.eq.1) filename= 'sqm.1'
if (my_rank.eq.2) filename= 'sqm.2'
if (my_rank.eq.3) filename= 'sqm.3'
open (21, file= filename, status= 'unknown')

#NEIBPE
1  2
#NODE
24 16
#IMPORTindex
4 8read (21,*) NEIBPETOT

allocate (NEIBPE(NEIBPETOT))
allocate (import_index(0:NEIBPETOT))
allocate (export_index(0:NEIBPETOT))

import index= 0

4 8
#IMPORTitems
17
18
19
20_

export_index= 0
read (21,*) (NEIBPE(neib), neib= 1, NEIBPETOT)
read (21,*) NP, N
read (21,'(a80)') line
read (21,*) (import_index(neib), neib= 1, NEIBPETOT)

20
21
22
23
24
#EXPORTindexNP *`�È _

nn= import_index(NEIBPETOT)
allocate (import_item(nn))

do i= 1, nn
read (21,*) import_item(i)

enddo

#EXPORTindex
4  8
#EXPORTitems
4
8
12

N |ãÈ

read (21,'(a80)') line
read (21,*) (export_index(neib), neib= 1, NEIBPETOT)

nn= export_index(NEIBPETOT)
allocate (export_item(nn))

do i= 1, nn

12
16
13
14
15
16read (21,*) export_item(i)

enddo
close (21)

16
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!C
!C-- MESH

����BC�D�
��sqm.*�¦§¨§
#NEIBPEtot
2
#NEIBPEif (my_rank.eq.0) filename= 'sqm.0'

if (my_rank.eq.1) filename= 'sqm.1'
if (my_rank.eq.2) filename= 'sqm.2'
if (my_rank.eq.3) filename= 'sqm.3'
open (21, file= filename, status= 'unknown')

#NEIBPE
1  2
#NODE
24 16
#IMPORTindex
4 8read (21,*) NEIBPETOT

allocate (NEIBPE(NEIBPETOT))
allocate (import_index(0:NEIBPETOT))
allocate (export_index(0:NEIBPETOT))

import index= 0

4 8
#IMPORTitems
17
18
19
20_

export_index= 0
read (21,*) (NEIBPE(neib), neib= 1, NEIBPETOT)
read (21,*) NP, N

read (21,*) (import_index(neib), neib= 1, NEIBPETOT)

20
21
22
23
24
#EXPORTindex_

nn= import_index(NEIBPETOT)
allocate (import_item(nn))

do i= 1, nn
read (21,*) import_item(i)

enddo

#EXPORTindex
4  8
#EXPORTitems
4
8
12

read (21,*) (export_index(neib), neib= 1, NEIBPETOT)
nn= export_index(NEIBPETOT)
allocate (export_item(nn))

do i= 1, nn

12
16
13
14
15
16read (21,*) export_item(i)

enddo
close (21)

16
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!C
!C-- MESH

����BC�D�
��sqm.*�¦§¨§
#NEIBPEtot
2
#NEIBPEif (my_rank.eq.0) filename= 'sqm.0'

if (my_rank.eq.1) filename= 'sqm.1'
if (my_rank.eq.2) filename= 'sqm.2'
if (my_rank.eq.3) filename= 'sqm.3'
open (21, file= filename, status= 'unknown')

#NEIBPE
1  2
#NODE
24 16
#IMPORTindex
4 8read (21,*) NEIBPETOT

allocate (NEIBPE(NEIBPETOT))
allocate (import_index(0:NEIBPETOT))
allocate (export_index(0:NEIBPETOT))

import index= 0

4 8
#IMPORTitems
17
18
19
20_

export_index= 0
read (21,*) (NEIBPE(neib), neib= 1, NEIBPETOT)
read (21,*) NP, N

read (21,*) (import_index(neib), neib= 1, NEIBPETOT)

20
21
22
23
24
#EXPORTindex_

nn= import_index(NEIBPETOT)
allocate (import_item(nn))

do i= 1, nn
read (21,*) import_item(i)

enddo

#EXPORTindex
4  8
#EXPORTitems
4
8
12

read (21,*) (export_index(neib), neib= 1, NEIBPETOT)
nn= export_index(NEIBPETOT)
allocate (export_item(nn))

do i= 1, nn

12
16
13
14
15
16read (21,*) export_item(i)

enddo
close (21)

16
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�678w�Hsq-sr2.f �2/6�
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!C
!C-- MESH

����BC�D�
��sqm.*�¦§¨§
#NEIBPEtot
2
#NEIBPEif (my_rank.eq.0) filename= 'sqm.0'

if (my_rank.eq.1) filename= 'sqm.1'
if (my_rank.eq.2) filename= 'sqm.2'
if (my_rank.eq.3) filename= 'sqm.3'
open (21, file= filename, status= 'unknown')

#NEIBPE
1  2
#NODE
24 16
#IMPORTindex
4 8read (21,*) NEIBPETOT

allocate (NEIBPE(NEIBPETOT))
allocate (import_index(0:NEIBPETOT))
allocate (export_index(0:NEIBPETOT))

import index= 0

4 8
#IMPORTitems
17
18
19
20_

export_index= 0
read (21,*) (NEIBPE(neib), neib= 1, NEIBPETOT)
read (21,*) NP, N

read (21,*) (import_index(neib), neib= 1, NEIBPETOT)

20
21
22
23
24
#EXPORTindex_

nn= import_index(NEIBPETOT)
allocate (import_item(nn))

do i= 1, nn
read (21,*) import_item(i)

enddo

#EXPORTindex
4  8
#EXPORTitems
4
8
12

read (21,*) (export_index(neib), neib= 1, NEIBPETOT)
nn= export_index(NEIBPETOT)
allocate (export_item(nn))

do i= 1, nn

12
16
13
14
15
16read (21,*) export_item(i)

enddo
close (21)

16
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!C
!C-- MESH

����BC�D�
��sqm.*�¦§¨§
#NEIBPEtot
2
#NEIBPEif (my_rank.eq.0) filename= 'sqm.0'

if (my_rank.eq.1) filename= 'sqm.1'
if (my_rank.eq.2) filename= 'sqm.2'
if (my_rank.eq.3) filename= 'sqm.3'
open (21, file= filename, status= 'unknown')

#NEIBPE
1  2
#NODE
24 16
#IMPORTindex
4 8read (21,*) NEIBPETOT

allocate (NEIBPE(NEIBPETOT))
allocate (import_index(0:NEIBPETOT))
allocate (export_index(0:NEIBPETOT))

import index= 0

4 8
#IMPORTitems
17
18
19
20_

export_index= 0
read (21,*) (NEIBPE(neib), neib= 1, NEIBPETOT)
read (21,*) NP, N

read (21,*) (import_index(neib), neib= 1, NEIBPETOT)

20
21
22
23
24
#EXPORTindex_

nn= import_index(NEIBPETOT)
allocate (import_item(nn))

do i= 1, nn
read (21,*) import_item(i)

enddo

#EXPORTindex
4  8
#EXPORTitems
4
8
12

read (21,*) (export_index(neib), neib= 1, NEIBPETOT)
nn= export_index(NEIBPETOT)
allocate (export_item(nn))

do i= 1, nn

12
16
13
14
15
16read (21,*) export_item(i)

enddo
close (21)

16
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!C
!C-- VAL.

�����
��WXõöAÚ��sq.*�¦§¨§

if (my_rank.eq.0) filename= 'sq.0'
if (my_rank.eq.1) filename= 'sq.1'
if (my_rank.eq.2) filename= 'sq.2'
if (my_rank.eq.3) filename= 'sq.3'

allocate (VAL(NP))
VAL= 0
open (21, file= filename, status= 'unknown')
do i= 1, N
read (21,*) VAL(i) N H |ãÈ

enddo
close (21)

!C===

ãÈ
VAL H WX`�õöM¦§¨2
üA3ãNäãAÚk'�hi�Q�

PE#2 1

25 26 27 2825 26 27 28

2
3
4
9
10
11

17 18 19 20
9 10 11 12
17 18 19 20
9 10 11 12

11
12
17
18
19
20

1 2 3 41 2 3 4
PE#0 PE#1

20
25
26
27
28
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!C
!C +--------+
!C | BUFFER |
!C +--------+
!C===

allocate (SENDbuf(export index(NEIBPETOT)))allocate (SENDbuf(export_index(NEIBPETOT)))
allocate (RECVbuf(import_index(NEIBPETOT)))

SENDbuf= 0
RECVbuf= 0 �^¥C�´�a�GãcA-.

do neib= 1, NEIBPETOT
iS= export_index(neib-1) + 1
iE= export_index(neib  )
do i= iS iE

�^¥C�´�a�GãcA-.
M�º�n�^¥C�´A
export_index(neib-1)+1
��export inedx(neib)�N�do i= iS, iE

SENDbuf(i)= VAL(export_item(i))
enddo

enddo
!C===

��export_inedx(neib)�N�
NEIBPE(neib)��^x�-.M�

x�n
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�^�MPI_Isend/Irecv/Waitall�_
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)

YZ[\]^_`abYZcaY`defghfiYZ[\]^_`abYZcaY`dgjk+YZ[\]^_`^YlJ
aY`djk+BC��#m�UV&

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

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

aY`djk+BC��#m�UV&

SENDbuf(k)= VAL(kk)
enddo

enddo

do neib= 1, NEIBPETOT
iS t i d ( ib 1) + 1

�^¥C�´dA��

�@Q~A�ÈM���^T�^�ì
�ANkQßTüA��Q¥C�´dÄ�
��¸ Z[x�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,&

��¸iZ[x�

_ _ _
&  MPI_COMM_WORLD, request_send(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_send, stat_recv, ierr)
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�^¥C�´A6¾
do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index(neib  )
BUFlength e= iE e + 1 iS eBUFlength_e= iE_e + 1 - iS_e

call MPI_ISEND                 &
&         (VAL(...), BUFlength_e, MPI_INTEGER, NEIBPE(neib), 0,&
&  MPI_COMM_WORLD, request_send(neib), ierr)

PE#2
gP{» üA�Gãk78¸i�Q

enddo

21 22 23 24
13 14 15 16 20

gP{»TüA�Gãk78¸i�Q
�ANT

13 14 15 16
9 10 11 12

20
19 � �^¥C�´A9:�;"3

� èü��È{i<<Aév
A
5 6 7 8
1 2 3 4

18
17

èü��È{i<<Aév
A
BC1
	

1 2 3 4 17
PE#0 PE#1 P����Q��E=>
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�^�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)

YZ[\]^_`abYZcaY`defghfiYZ[\]^_`abYZcaY`dgjk+YZ[\]^_`^YlJ
aY`djk+BC��#m�UV&

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

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

�^¥C�´dA��

aY`djk+BC��#m�UV&

SENDbuf(k) VAL(kk)
enddo

enddo

do neib= 1, NEIBPETOT
iS e= export index(neib 1) + 1iS_e= export_index(neib-1) + 1
iE_e= export_index(neib  )
BUFlength_e= iE_e + 1 - iS_e

call MPI_SENDRECV              &
b f(i ) l h ( ib) 0&         (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
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!C
!C +-----------+
!C | SEND RECV |!C | SEND-RECV |
!C +-----------+
!C===

allocate (stat_sr(MPI_STATUS_SIZE))

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

iS_i= import_index(neib-1) + 1
iE_i= import_index(neib  )
BUFlength_i= iE_i + 1 - iS_i

call MPI SENDRECV &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
iS= import_index(neib-1) + 1
iE= import_index(neib  )
do i= iS, iE

�^?AaBUFlength_ecP�^?
AaBUFlength_ickÄ@¸i��
_`Ef�n,

VAL(import_item(i))= RECVbuf(i)
enddo

enddo
!C===

` f n
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!C
!C +-----------+
!C | SEND RECV | 57 58 59 6057 58 59 60 61 62 63 6461 62 63 64

PE#2 PE#3
!C | SEND-RECV |
!C +-----------+
!C===

allocate (stat_sr(MPI_STATUS_SIZE))

57 58 59 60
49 50 51 52
41 42 43 44
33 34 35 36

57 58 59 60
49 50 51 52
41 42 43 44
33 34 35 36

61 62 63 64
53 54 55 56
45 46 47 48
37 38 39 40

61 62 63 64
53 54 55 56
45 46 47 48
37 38 39 40

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

25 26 27 28
17 18 19 20
9 10 11 12

25 26 27 28
17 18 19 20
9 10 11 12

29 30 31 32
21 22 23 24
13 14 15 16

29 30 31 32
21 22 23 24
13 14 15 16iS_i= import_index(neib-1) + 1

iE_i= import_index(neib  )
BUFlength_i= iE_i + 1 - iS_i

call MPI SENDRECV &

9 10 11 12
1 2 3 4
9 10 11 12
1 2 3 4

13 14 15 16
5 6 7 8
13 14 15 16
5 6 7 8

PE#0 PE#1
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
iS= import_index(neib-1) + 1
iE= import_index(neib  )
do i= iS, iE

my_rank=0, NEIBPE(neib)=1
AP¶ABUFlength_ePT
my_rank=1, NEIBPE(neib)=0,

VAL(import_item(i))= RECVbuf(i)
enddo

enddo
!C===

AP¶ABUFlength_ikýANQ÷
º»Q�Q��üA£¤k�BºÂ4�n
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t�A��^:CDt�A��^:CD
#PE0
send:

#PE1
send:send:

SENDbuf(iS_e)~
SENDbuf(iE_e+BUFlength_e-1)

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

#PE1
recv:
RECVbuf(iS_i)~

#PE0
recv:
RECVbuf(iS_i)~ _

RECVbuf(iE_i+Buflength_i-1)
_

RECVbuf(iE_i+Buflength_i-1)

• �^?AaBUFlength ecP�^?AaBUFlength ickÄ@¸i• �^?AaBUFlength_ecP�^?AaBUFlength_ickÄ@¸i
��_`Ef�n
– PE#09PE#1 PE#19PE#0PE#09PE#1TPE#19PE#0

• a�^¥C�´cPa�^¥C�´ckúA�;"3
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�^�MPI_Isend/Irecv/Waitall�_
do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib  )
BUFlength i= iE i + 1 - iS ig _ _ _

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

enddoenddo
call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

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

enddo
enddo

�^¥C�´����

RECVbuf

`l[\]^_`abYZcaY`defghfi`l[\]^_`abYZcaY`dgjk+`l[\]^_`^YlJ
aY`djk+BC��nop�UV&

neib#1
RECVbuf

neib#2 neib#3 neib#4

BUFlength_i BUFlength_i BUFlength_i BUFlength_i

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



T2K-FVM-02 84

�^�MPI_Sendrecv�_
do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib  )
BUFlength i= iE i + 1 - iS ig _ _ _

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)& MPI_COMM_WORLD, stat_sr, ierr)

enddo

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index(neib)
kk i t it (k)

�^¥C�´��A��
kk= import_item(k)
VAL(kk)= RECVbuf(k)

enddo
enddo

�^ �

RECVbuf

`l[\]^_`abYZcaY`defghfi`l[\]^_`abYZcaY`dgjk+`l[\]^_`^YlJ
aY`djk+BC��nop�UV&

neib#1
RECVbuf

neib#2 neib#3 neib#4

BUFlength_i BUFlength_i BUFlength_i BUFlength_i

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)
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!C
!C +-----------+
!C | SEND RECV |!C | SEND-RECV |
!C +-----------+
!C===

allocate (stat_sr(MPI_STATUS_SIZE))

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

iS_i= import_index(neib-1) + 1
iE_i= import_index(neib  )
BUFlength_i= iE_i + 1 - iS_i

call MPI SENDRECV &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
iS= import_index(neib-1) + 1
iE= import_index(neib  )
do i= iS, iE

�^¥C�´A%EMaäãcAÚ
P¸i��x�n

,
VAL(import_item(i))= RECVbuf(i)

enddo
enddo

!C===
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äãAÚAµ¶·¸äãAÚAµ¶·¸

!C
!C +--------+
!C | OUTPUT |
!C +--------+
!!C===

do neib= 1, NEIBPETOT
iS= import_index(neib-1) + 1
iE= import_index(neib  )
do i= iS, iE,
in= import_item(i)
write (*,'(a, 3i8)') 'RECVbuf', my_rank, NEIBPE(neib), VAL(in)

enddo
enddo

!C===!C
call MPI_FINALIZE (ierr)

stop
end
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¡>²³�PE#0�
RECVbuf       0       1       5
RECVbuf       0       1      13
RECVbuf       0       1      21
RECVbuf       0       1      29
RECVbuf 0 2 3357 58 59 60 61 62 63 64

PE#2 PE#3
RECVbuf 0 2 33
RECVbuf       0       2      34
RECVbuf       0       2      35
RECVbuf       0       2      36

RECVbuf       1       0       4

57 58 59 60
49 50 51 52

61 62 63 64
53 54 55 56

RECVbuf       1       0      12
RECVbuf       1       0      20
RECVbuf       1       0      28
RECVbuf       1       3      37
RECVbuf       1       3      38

41 42 43 44
33 34 35 36

45 46 47 48
37 38 39 40 RECVbuf       1       3      39

RECVbuf       1       3      40

RECVbuf       2       3      37
RECVbuf       2       3      45
RECVb f 2 3 53

33 34 35 36 37 38 39 40

25 26 27 28 29 30 31 32 RECVbuf 2 3 53
RECVbuf       2       3      61
RECVbuf       2       0      25
RECVbuf       2       0      26
RECVbuf       2       0      27
RECVbuf 2 0 28

25 26 27 28
17 18 19 20

29 30 31 32
21 22 23 24

RECVbuf 2 0 28

RECVbuf       3       2      36
RECVbuf       3       2      44
RECVbuf       3       2      52
RECVbuf       3       2      60

9 10 11 12
1 2 3 4

13 14 15 16
5 6 7 8 RECVbuf       3       1      29

RECVbuf       3       1      30
RECVbuf       3       1      31
RECVbuf       3       1      32

1 2 3 4 5 6 7 8
PE#0 PE#1



T2K-FVM-02 88

¡>²³�PE#1�
RECVbuf       0       1       5
RECVbuf       0       1      13
RECVbuf       0       1      21
RECVbuf       0       1      29
RECVbuf 0 2 3357 58 59 60 61 62 63 64

PE#2 PE#3
RECVbuf 0 2 33
RECVbuf       0       2      34
RECVbuf       0       2      35
RECVbuf       0       2      36

RECVbuf       1       0       4

57 58 59 60
49 50 51 52

61 62 63 64
53 54 55 56

RECVbuf       1       0      12
RECVbuf       1       0      20
RECVbuf       1       0      28
RECVbuf       1       3      37
RECVbuf       1       3      38

41 42 43 44
33 34 35 36

45 46 47 48
37 38 39 40 RECVbuf       1       3      39

RECVbuf       1       3      40

RECVbuf       2       3      37
RECVbuf       2       3      45
RECVb f 2 3 53

33 34 35 36 37 38 39 40

25 26 27 28 29 30 31 32 RECVbuf 2 3 53
RECVbuf       2       3      61
RECVbuf       2       0      25
RECVbuf       2       0      26
RECVbuf       2       0      27
RECVbuf 2 0 28

25 26 27 28
17 18 19 20

29 30 31 32
21 22 23 24

RECVbuf 2 0 28

RECVbuf       3       2      36
RECVbuf       3       2      44
RECVbuf       3       2      52
RECVbuf       3       2      60

9 10 11 12
1 2 3 4

13 14 15 16
5 6 7 8 RECVbuf       3       1      29

RECVbuf       3       1      30
RECVbuf       3       1      31
RECVbuf       3       1      32

1 2 3 4 5 6 7 8
PE#0 PE#1
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¡>²³�PE#2�
RECVbuf       0       1       5
RECVbuf       0       1      13
RECVbuf       0       1      21
RECVbuf       0       1      29
RECVbuf 0 2 3361 62 63 64

PE#2 PE#3
57 58 59 60 RECVbuf 0 2 33

RECVbuf       0       2      34
RECVbuf       0       2      35
RECVbuf       0       2      36

RECVbuf       1       0       4

61 62 63 64
53 54 55 56

57 58 59 60
49 50 51 52

RECVbuf       1       0      12
RECVbuf       1       0      20
RECVbuf       1       0      28
RECVbuf       1       3      37
RECVbuf       1       3      38

45 46 47 48
37 38 39 40

41 42 43 44
33 34 35 36 RECVbuf       1       3      39

RECVbuf       1       3      40

RECVbuf       2       3      37
RECVbuf       2       3      45
RECVbuf 2 3 53

37 38 39 40

25 26 27 28

33 34 35 36

29 30 31 32 RECVbuf 2 3 53
RECVbuf       2       3      61
RECVbuf       2       0      25
RECVbuf       2       0      26
RECVbuf       2       0      27
RECVbuf 2 0 28

25 26 27 28
17 18 19 20

29 30 31 32
21 22 23 24

RECVbuf 2 0 28

RECVbuf       3       2      36
RECVbuf       3       2      44
RECVbuf       3       2      52
RECVbuf       3       2      60

9 10 11 12
1 2 3 4

13 14 15 16
5 6 7 8 RECVbuf       3       1      29

RECVbuf       3       1      30
RECVbuf       3       1      31
RECVbuf       3       1      32

1 2 3 4
PE#0 PE#1

5 6 7 8
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¡>²³�PE#3�

57 58 59 60

RECVbuf       0       1       5
RECVbuf       0       1      13
RECVbuf       0       1      21
RECVbuf       0       1      29
RECVbuf 0 2 3361 62 63 64

PE#2 PE#3
57 58 59 60
49 50 51 52

RECVbuf 0 2 33
RECVbuf       0       2      34
RECVbuf       0       2      35
RECVbuf       0       2      36

RECVbuf       1       0       4

61 62 63 64
53 54 55 56

41 42 43 44
33 34 35 36

RECVbuf       1       0      12
RECVbuf       1       0      20
RECVbuf       1       0      28
RECVbuf       1       3      37
RECVbuf       1       3      38

45 46 47 48
37 38 39 4033 34 35 36

29 30 31 32

RECVbuf       1       3      39
RECVbuf       1       3      40

RECVbuf       2       3      37
RECVbuf       2       3      45
RECVb f 2 3 53

37 38 39 40

25 26 27 28 29 30 31 32
21 22 23 24

RECVbuf 2 3 53
RECVbuf       2       3      61
RECVbuf       2       0      25
RECVbuf       2       0      26
RECVbuf       2       0      27
RECVbuf 2 0 28

25 26 27 28
17 18 19 20

13 14 15 16
5 6 7 8

RECVbuf 2 0 28

RECVbuf       3       2      36
RECVbuf       3       2      44
RECVbuf       3       2      52
RECVbuf       3       2      60

9 10 11 12
1 2 3 4 5 6 7 8 RECVbuf       3       1      29

RECVbuf       3       1      30
RECVbuf       3       1      31
RECVbuf       3       1      32

1 2 3 4
PE#0 PE#1
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01WXBC�D #;

21 22 23 24 25

16 17 18 19 20

11 12 13 14 15

1 2 3 4 5

6 7 8 9 10

1 2 3 4 5
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3� ��!#PE2
#;

23 24 25
21 22 23 24

#PE2
#PE1

18 19 20

23 24 25

16 17 18 19

13 14 15
11 12 13 14

8 9 10
6 7 8

4 5
11 12 13

#PE0
6 7 8 9 10

#PE0

1 2 3 4 5
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3� ��!#PE2
#;

14
23

7
24

8
2

7
21

8
22

9
23

15
24

#PE2
#PE1

13
18

5
19

6
20

23 24 25

4
16

5
17

6
18

14
19

12
13

3
14

4
15

10 11 12

1
11

2
12

3
13

13
14

11
8

1
9

2
10

10
6

11
7

12
8

9
4

10
511

11
12
12

13
13

#PE0
6
6

7
7

8
8

9
9

10
10

#PE0

1
1

2
2

3
3

4
4

5
5
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PE#0H�����
��sqm.0� #;

FA¼�M�y�!
#PE2#PE2

13 5 6

14
23

7
24

8
25

4
16

5
17

6
18

14
19

7
21

8
22

9
23

15
24

#PE2
#PE1

13 5 6

14
23

7
24

8
25

4
16

5
17

6
18

14
19

7
21

8
22

9
23

15
24

#PE2
#PE1 #NEIBPEtot

2
#NEIBPE

1 2

11
8

1
9

2
10

12
13

3
14

4
15

13
18

5
19

6
20

10
6

11
7

12
8

1
11

2
12

3
13

13
14

16 17 18 19

11
8

1
9

2
10

12
13

3
14

4
15

13
18

5
19

6
20

10
6

11
7

12
8

1
11

2
12

3
13

13
14

16 17 18 19 1 2
#NODE

F F
#IMPORTindex

9
4

10
5

8 9 10

6 7 8 9 10

11
11

12
12

13
13

#PE0

9
4

10
5

8 9 10

6 7 8 9 10

11
11

12
12

13
13

#PE0

F F
#IMPORTitems

F…
#EXPORTindex

1
1

2
2

3
3

4
4

5
5

6 7 8 9 10

1
1

2
2

3
3

4
4

5
5

6 7 8 9 10
#EXPORTindex

F F
#EXPORTitems

F…
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PE#1H�����
��sqm.1� #;

FA¼�M�y�!
#PE2#PE2

13 5 6

14
23

7
24

8
25

4
16

5
17

6
18

14
19

7
21

8
22

9
23

15
24

#PE2
#PE1

13 5 6

14
23

7
24

8
25

4
16

5
17

6
18

14
19

7
21

8
22

9
23

15
24

#PE2
#PE1 #NEIBPEtot

2
#NEIBPE

0 2

11
8

1
9

2
10

12
13

3
14

4
15

13
18

5
19

6
20

10
6

11
7

12
8

1
11

2
12

3
13

13
14

16 17 18 19

11
8

1
9

2
10

12
13

3
14

4
15

13
18

5
19

6
20

10
6

11
7

12
8

1
11

2
12

3
13

13
14

16 17 18 19 0 2
#NODE

F F
#IMPORTindex

9
4

10
5

8 9 10

6 7 8 9 10

11
11

12
12

13
13

#PE0

9
4

10
5

8 9 10

6 7 8 9 10

11
11

12
12

13
13

#PE0

F F
#IMPORTitems

F…
#EXPORTindex

1
1

2
2

3
3

4
4

5
5

6 7 8 9 10

1
1

2
2

3
3

4
4

5
5

6 7 8 9 10
#EXPORTindex

F F
#EXPORTitems

F…
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PE#2H�����
��sqm.2� #;

FA¼�M�y�!
#PE2#PE2

13 5 6

14
23

7
24

8
25

4
16

5
17

6
18

14
19

7
21

8
22

9
23

15
24

#PE2
#PE1

13 5 6

14
23

7
24

8
25

4
16

5
17

6
18

14
19

7
21

8
22

9
23

15
24

#PE2
#PE1 #NEIBPEtot

2
#NEIBPE

1 0

11
8

1
9

2
10

12
13

3
14

4
15

13
18

5
19

6
20

10
6

11
7

12
8

1
11

2
12

3
13

13
14

16 17 18 19

11
8

1
9

2
10

12
13

3
14

4
15

13
18

5
19

6
20

10
6

11
7

12
8

1
11

2
12

3
13

13
14

16 17 18 19 1 0
#NODE

F F
#IMPORTindex

9
4

10
5

8 9 10

6 7 8 9 10

11
11

12
12

13
13

#PE0

9
4

10
5

8 9 10

6 7 8 9 10

11
11

12
12

13
13

#PE0

F F
#IMPORTitems

F…
#EXPORTindex

1
1

2
2

3
3

4
4

5
5

6 7 8 9 10

1
1

2
2

3
3

4
4

5
5

6 7 8 9 10
#EXPORTindex

F F
#EXPORTitems

F…
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GHÔI
#;

GHÔI

>$ cd <$FVM>/local/3pe
>$ cp ../4pe/a.out 9}~sq-sr2.f/cM5�4v°¸gÂA

>$ ls
a.out  sq.0  sq.1  sq.2

sqm.0,sqm.1,sqm.2MJ�NG¬x��ÔGH�

>$ b h PK iLGMMNx�>$ qsub go.sh PKhiLGMMNx�
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GH±�O" ª	A%E
#;

GH±�O" ª	A%E

14
23

7
24

8
25

7
21

8
22

9
23

15
24

#PE2
#PE1

14
23

7
24

8
25

7
21

8
22

9
23

15
24

#PE2
#PE1 sq.0 sq.1 sq.2

12
13

3
14

4
15

13
18

5
19

6
20

1
11

2
12

3
13

13
14

4
16

5
17

6
18

14
19

12
13

3
14

4
15

13
18

5
19

6
20

1
11

2
12

3
13

13
14

4
16

5
17

6
18

14
19 1

2
3

9
10
14

11
12
13

9
4

10
5

11
8

1
9

2
10

10
6

11
7

12
8

11 12 13
9
4

10
5

11
8

1
9

2
10

10
6

11
7

12
8

11 12 13

4
5
6

15
19
20

16
17
18

4 5

1 2 3 4 5

6
6

7
7

8
8

9
9

10
10

11
11

12
12

13
13

#PE0
4 5

1 2 3 4 5

6
6

7
7

8
8

9
9

10
10

11
11

12
12

13
13

#PE0
7
8

24
25

21
22
23

1
1

2
2

3
3

4
4

5
5

1
1

2
2

3
3

4
4

5
5
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#PE2
#;

14
23

7
24

8
2

7
21

8
22

9
23

15
24

#PE2
#PE1

13
18

5
19

6
20

23 24 25

4
16

5
17

6
18

14
19

12
13

3
14

4
15

10 11 12

1
11

2
12

3
13

13
14

11
8

1
9

2
10

10
6

11
7

12
8

9
4

10
511

11
12
12

13
13

#PE0
6
6

7
7

8
8

9
9

10
10

#PE0

1
1

2
2

3
3

4
4

5
5
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Ô I
#;

Ô I

ãÈ ãÈ• |ãÈTäãÈ
• äãE~ü���i���?

– IMPORTindexTIMPORTitems
– NEIBPEAIõ

• èºMP�g~hiT�GãA�^9MQR�
– EXPORTindex EXPORTitemsEXPORTindexTEXPORTitems
– NEIBPEAIõ
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oFXp��FVM�A��Z[S÷
�����
���

• oFXp��FVM����ik� \]^küA��Q��
���
���hi¡¢½¾��� � � i¡¢½¾
– SPMD
– |ãôäãAI�a��cõö¹÷|ã äã I ��cõö¹÷

– ]^å
æ°HÄòeáºg]^å
æ°
• oF`��TU>�MïÈ>�Px���	

������ikýñAÔ
�N��e½¾

lOQ� ���E�y�ºº» UVkVW��ø• lOQ�
���E�y�ºº»TUVkVW��øn
– �^¥C�´�a�GãcAÚM��
�^ �^– �^T�^

– �^¥C�´AÚMaäãcAÚP¸iXÜ
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• �
���P�°Y	
wH�����
�
FVM#$%&'()*�����
 ���+,-.• FVM#$%&'()*�����
����+,-.

• ����/ #012
• eps_fvm#$%&����34�eps_fvm_part
• eps fvm5'(67#8%2eps_fvm5'(67#8%2
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� �!Z¾H Partitioner� �!Z¾ a t t o e
01WXBC�D�
�M[{�üP��hiT
JLÁ������
�M«¬x�JLÁ������ �M«¬x�

• |ãTäã
� � �– ����BC�D�
�

– |ãôäãPQ������õöM�÷�
æ ò Q• ]^å
æ°AÄòÁQ®

– ��� -.
• ��� È
• ��� õö
äã-.– äã-.

• ~A� ��TÀþAT~AäãA-.Maimportcx��
– �Gã-.�Gã-.

• ÀþAT~A�GãA-.MT~A� �aexportcx��



T2K-FVM-02 104

P titi i ��qPartitioning��q

• Graph/Graphic Partitioning+r

• '()*+?s+����tuvw&?s+/ 

• 1PEQ�)*QxN1yzN{�N|���t��

�#��w&��#��w&
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Graph/Graphic Partitioning��qGraph/Graphic Partitioning��q

5} ~Graph/Graphic Partitioning��5}��7! graphs�~
���+��"#�w&5}��;�7t'()*#$
&���� � ?/ >&%&����#��D?/ Q>&

S��xA����

�1����

��R+�����Load balancing��R+�����Load balancing
��R������Small Communication  :
�:;0x�� +��#���:;0x�� +��#��

BC�����
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EDGE-CUTPk ?EDGE-CUTPk ?

�ÏA\]A^ã��gk`��E_Qhg� �Ð¸i��
£¤ aEDGE CUTE«Ai�� P��£¤TaEDGE-CUTE«Ai��ncP��n

� EDGE-CUTE`Q�}~T]^k`Q�n

EDGE-CUTû¸

EDGE-CUTo�
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Partitioning+�� ���+��Partitioning+�� ���+��
15 15��t16�����¡�¢£�¤V21&

Edge-Cut¥1 Edge-Cut¦N1

RGB RSB
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Partitioning+�� ���+��g �� �� ��
BiCGSTAB with Localized ILU(0) Preconditioning
15X15 region, RGB/RSB for 16 PE’s , Poisson eqn’s
Ed C tJ¦N1§¨!��J¦N1§¨"���©1Edge-CutJ¦N1§¨!��J¦N1§¨"���©1

10 1

10 2

10 -1

10 0

10
15X15 RGB(16)
15X15 RSB(16)

10 -4

10 -3

10 -2

du
al
s

RGB RSB

Edge-Cut¥1
RGB

10 -6

10 -5

10 4

Re
si

�������	�
���
��������������������
�����������

���
��	� 
���� � � �! �"  �#

RGB RSB
Edge-Cut¦N1
RSB

10 9

10 -8

10 -7
���
��	��
�������� ����!����"� ��#

����������

1996"2#a
400350300250200150100500

10 -9

Iterations

1996"2#a
KhgZ[
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P titi i / Partitioning/ 

• È"Æ�NbßA'c7°
�EfhgEdkTMETIS�9
e¯�+,�PJOSTLE�7	fC	+,��}ghie¯�+,�PJOSTLE�7	fC	+,��}ghi

• METISHUniv.Minnesota
– http://glaros.dtc.umn.edu/gkhome/views/metis/

• JOSTLEHUniv Greenwich• JOSTLEHUniv.Greenwich
– http://staffweb.cms.gre.ac.uk/~c.walshaw/jostle/
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5 f 7+P titi i ª �5eps_fvm7+Partitioningª��

• |�«¬­®
��t¯°�D?±²ª��t³´L
­���:;– ­���:;

• |�«¬­®
��tµ¶�D2A��
��A��GH
t·¶w&t·¶w&L

• ��/ 
– RCB!Recursive Coordinate Bisection" 
– METIS

• kmetis ��R����!edge-cut��"
• pmetis ��R¡�¢£�P6
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RCB 
Recursive Coordinate Bisection

H.D.Simon ”Partitioning of unstructured problems for parallel 

� XYZ¸¹º�+��t�»NJo��

processing”, Comp. Sys. in Eng., Vol.2, 1991.

� XYZ¸¹º�+��t�»NJo��
� ��¼³½�¾¿#�À2ÁÂ#ÃÄQx&

� ?�-ÅÆÇ1¾¿Q�ÈÀ.8�+��tÉ%&� ?�-ÅÆÇ1¾¿Q�ÈÀ.8�+��tÉ%&

� 2n��+��DnQxN1

Ê© ±²¾¿Q�M T Sy»�1� Ê©A±²¾¿Q�METISy»�1
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METIS
http://glaros.dtc.umn.edu/gkhome/views/metis/

°j"Ç°78�Vk�/l�g��• ©°j"Ç°78�Vk�/l�g��

T2K-FVM-02 113

METIS
http://glaros.dtc.umn.edu/gkhome/views/metis/

°j"Ç°78�Vk�/l�g��• ©°j"Ç°78�Vk�/l�g��
– m�]^�edge-cut�E`Q��!Mnox�
– p�Tqr
– �	
st�TêA�678w�u§¨2üPÂ��

• vwQxyEf�
– k-METIS ]^z�edge-cut�Û{g
– p-METIS � \¥8�3Ûle

– ParMETIS ��|

– � �!,÷NQßT2
u	�7T�
�©vf�7Q~vwQ
�}�ì±áºi��

• �~T�����Þ÷����~���
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����Ë�Ì.����8��
3,375EF!=153"A4,096~�
ÍÎN¾¿Q�ÏDÐRCBJ�1ÍÎN¾¿Q�ÏDÐ J�

k-METIS
edgecut = 882

RCB
edgecut = 768GeoFEM
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����Ë�ÑÒXÓ¬Ô�8��
795EFA1,308~�

ÕÖ¾¿Q�METISJ�1�Overlap��Æ1ÕÖ¾¿ � p��Æ

k-METIS
edgecut = 307

RCB
edgecut = 614GeoFEM
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����Ë�×Ø�64��
40,416EFA54,084~�

ÕÖ¾¿Q�METISJ�1�EdgeCut¦N1ÕÖ¾¿ � � g ¦N

k-METIS
edgecut = 9,489

RCB
edgecut = 28,320GeoFEM
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Strange Animal in 8 PEsStrange Animal in 8 PEs
53,510 elements, 11,749 nodes.

METIS is better for complicated geometriesMETIS is better for complicated geometries.

k METIS RCB

Okuda Lab., Univ. Tokyo Okuda Lab., Univ. Tokyo

k-METIS
edgecut = 4,573

RCB
edgecut = 7,898

GeoFEM

T2K-FVM-02 118

Strange Animal in 8 PEsg
53,510 elements, 11,749 nodes.

METIS is better for complicated geometries.METIS is better for complicated geometries.

k METIS RCB
Okuda Lab., Univ. Tokyo Okuda Lab., Univ. Tokyo

k-METIS
edgecut = 4,573

RCB
edgecut = 7,898

GeoFEM
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����Ë�Ù�ÚÛ�64��
40,624EFA54,659~�

ÕÖ¾¿Q�METISJ�1�EdgeCut¦N1ÕÖ¾¿Q� J� g ¦N

k-METIS
edgecut = 7,563

RCB
edgecut = 18,624GeoFEM
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����Ë�Ù�ÚÛ�64��
40,624EFA54,659~�

ÕÖ¾¿Q�METISJ�1�EdgeCut¦N1ÕÖ¾¿Q� J� g ¦N

GeoFEM
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����Ë�Ù�ÚÛ�64��
40,624EFA54,659~�

k METIS p METISk-METIS
Load Balance= 1.03

edgecut = 7,563

p-METIS
Load Balance= 1.00

edgecut = 7,738GeoFEM
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����Ë�
ÜÝÞß

����
��

��
��

��

GeoFEM
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����Ë�
����

ÜÝÞß�8��
57 205EF 58 544~�

��
��

��
��

57,205EFA58,544~�

k M T S 4 221 M T S 3 672RCB 7433 k-METIS :4,221 p-METIS :3,672RCB e.c.=7433
GeoFEM
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��
��

��
��

GeoFEM
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• �
���P�°Y	
wH�����
�
FVM#$%&'()*�����
 ���+,-.• FVM#$%&'()*�����
����+,-.

• ����/ #012
• eps_fvm#$%&����34�eps_fvm_part
• eps fvm5'(67#8%2eps_fvm5'(67#8%2
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5 f 7+P titi i ª �5eps_fvm7+Partitioningª��

• |�«¬­®
��t¯°�D?±²ª��t³´L
­���:;– ­���:;

• |�«¬­®
��tµ¶�D2A����«¬­®
�
� ������� à�táâ+� à��D2·¶�A�������ãà�táâ+�ãà��D2·¶L

• ��/ 
– RCB!Recursive Coordinate Bisection" 
– METIS

• kmetis ��R����!edge-cut��"
• pmetis ��R¡�¢£�P6
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5 f 7+����+,-.5eps_fvm7+����+,-.

• 1� = 1 PE�Processing Element�
– �
;st�Á�613MD�¸Q�
– � õök0��6������HMPIA�¤

• `�ø�A� �!
• �����
��BC�DT]^������ ��BC�DT]^�

– `�-.T`�\5e åO�åO
• ��õö��õö

– �G���7
– ]^å
æ°]^å æ°
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�BKhi§�¸��

$> cd <$FVM>/test-mesh
$> cd ex1$> cd ex1

$> cat fvmmg.ctrl
32 32 3232 32 32

$> eps_fvm_mg BC�D«¬
$> ls fvm_entire*

fvm entire mesh datfvm_entire_mesh.dat
fvm_entire_mesh.inp
fvm_entire_mesh.inp_geo

$> ls fvmpart.ctrl � �!��±�´v° #PARTCTRL$> ls fvmpart.ctrl � �!��±�´v° #PARTCTRL
fvmpart.ctrl

$> eps_fvm_part � �! !

32þI2A�´v°EG¬áº�x
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� �!Z¾��±�
°�P
�´v°�·�

#GRIDout#GRIDout#GRIDout#GRIDout#D-GRID
#PARTCTRL

����BC�D�
�

#PARTCTRL
fvmpart.ctrl

���´v°������

� �!Z¾
eps fvm part

#GRIDout#GRIDout#GRIDout#GRIDout#D-COMMp _ _p

�

����]^�
�
#S-GRID

01WXBC�D�
�
����D� #S-GRID-D-UCD

AVS·��
�
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3äå+�ãà�J·¶UV&3äå+�ãà�J·¶UV&
• ����BC�D�
��#D GRID�• ����BC�D�
��#D-GRID�

– /LÁQ�´v°A®�k01WXBC�D�
�P�'�Q�
ç�61CéN��-.A§�Oº�áºi��– ç�61CéN��-.A§�Oº�áºi��

– ��õö

• ����]^�
��#D-COMM�
– ]^å
æ°AÄòÁQ®�/lß�
����i��áºi��
– ��Z[�moQ�
�

• AVS·��
��#S-GRID-D-UCD�
– � �P�v�÷áºgBC�D�
��WX�
��
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���´v° “fvmpart.ctrl”���i�1/4����´v° fvmpart.ctrl ���i�1/4�

!INITIAL FILE • ��kafvmpart ctrlc���!INITIAL FILE
fvm_entire_mesh.dat

!METHOD

• ��kafvmpart.ctrlc���n
• a#cT�gka!!c����áº�>k
5B�ª>P§Qáº�

RCB
X,Y,Z,X,Y

5B�ª>P§Qáº�n

• ��A6�Aæ6C �”!”������
Pèº�8ß48B
����¬áº

!REGION NUMBER
32

Pèº�8ß48B ����¬áº
�næ6C \A�>Èk�DNf
�T��x�IõÂ�DNf�n

!MESH FILE
mesh.rcb

!COMMUNICATION FILE
comm.rcb

!UCD!UCD
rcb-32-xyz.inp
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���´v° “fvmpart.ctrl”���i�2/4����´v° fvmpart.ctrl ���i�2/4�

!INITIAL FILE !INITIAL FILE!INITIAL FILE
fvm_entire_mesh.dat

!METHOD

• !INITIAL FILE
– 01WXBC�D�´v°���íÅ43�n
– 48B
�

RCB
X,Y,Z,X,Y

– 48B �

• 01WXBC�D�´v° #S-GRID ��
– üAæ6C k_�Nf�n

!REGION NUMBER
32

– #S-GRIDA��k�DNf�n
• !METHOD

!MESH FILE
mesh.rcb

– �!Ô���AgyA Cu�n
– 48B
�

• Ô���RCB KMETIS PMETIS�!COMMUNICATION FILE
comm.rcb

!UCD

• Ô���RCBTKMETISTPMETIS�
– _B+¡¢N��x�

• Ô�P¸iaRCBcM£¤¸g£¤k�A>�
�!l±¥�X Y Z�M+¡¢+a cN��!UCD

rcb-32-xyz.inp
�!l±¥�X,Y,Z�M+¡¢+a,cN��n

– üAæ6C k_�Nf�n
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���´v° “fvmpart.ctrl”���i�3/4����´v° fvmpart.ctrl ���i�3/4�

!INITIAL FILE
• !REGION NUMBER

!INITIAL FILE
fvm_entire_mesh.dat

!METHOD

– � Èn
– 48B
�
� È�J¦È�

RCB
X,Y,Z,X,Y

• � È�J¦È�
– üAæ6C k_�Nf�n
– a!METHODcP¸iaRCBcM£¤¸g£¤

!REGION NUMBER
32

c cM£¤ £¤
kT2AR¶§P¸Q÷º»Q�Q�n

• !MESH FILE
!MESH FILE
mesh.rcb

– ����BC�D�
�A Cu��íÅ4
3�n

– 48B
�!COMMUNICATION FILE
comm.rcb

!UCD

48B �

• ����BC�D�
� #D-GRIDA Cu�
– üAæ6C k_�Nf�n

!UCD
rcb-32-xyz.inp

– ��BC�D�
�kaheader.� õöc
P¸i«¬áº�n� õök0����n
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���´v° “fvmpart.ctrl”���i�4/4����´v° fvmpart.ctrl ���i�4/4�

!INITIAL FILE • !COMMUNICATION FILE!INITIAL FILE
fvm_entire_mesh.dat

!METHOD

• !COMMUNICATION FILE
– ����]^�
�A Cu��íÅ43�n
– 48B
�

RCB
X,Y,Z,X,Y

48B �

• ����]^�
� #D-COMMA Cu�
– üAæ6C k_�Nf�n

!REGION NUMBER
32

– ��BC�D�
�kaheader.� õöc
P¸i«¬áº�n� õök0����n

• !UCD!MESH FILE
mesh.rcb

• !UCD
– � �!Av�M�.x�UCD�´v°�
�íÅ43�n

!COMMUNICATION FILE
comm.rcb

!UCD

– 48B
�
• UCD�´v°��¨©ªP¸i_Ba.inpcM�
÷�üP�!UCD

rcb-32-xyz.inp

÷�üP�

– üAæ6C k«¬½¾Nf�n
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¡�H RCB-1¡�H RCB 1

!INITIAL FILE!INITIAL FILE
fvm_entire_mesh.dat

!METHOD
RCB
X,Y,Z,X,Y

!REGION NUMBER
32

!MESH FILE
mesh.rcb

!COMMUNICATION FILE
comm.rcb

!UCD!UCD
rcb-32-xyz.inp
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¡�H RCB-2¡�H RCB 2

!INITIAL FILE!INITIAL FILE
fvm_entire_mesh.dat

!METHOD
RCB
X,X,X,X,X

!REGION NUMBER
32

!MESH FILE
mesh.rcb2

!COMMUNICATION FILE
comm.rcb2

!UCD!UCD
rcb-32-xxx.inp
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¡�H kmetis¡�H kmetis

!INITIAL FILE!INITIAL FILE
fvm_entire_mesh.dat

!METHOD
KMETIS

!REGION NUMBER
32

!MESH FILE
mesh.kmetis

!COMMUNICATION FILE
comm.kmetis

!UCD
k ti 32 ikmetis-32.inp
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¡�H pmetis¡�H pmetis

!INITIAL FILE!INITIAL FILE
fvm_entire_mesh.dat

!METHOD
PMETIS

!REGION NUMBER
32

!MESH FILE
mesh.pmetis

!COMMUNICATION FILE
comm.pmetis

!UCD
ti 32 ipmetis-32.inp
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�k�´v°A%EM­i§��
$> cd <$FVM>/test-mesh
$> cd ex2

$> cat fvmpart.ctrl � �!��±�´v°

!INITIAL FILE
2d.mesh
!METHOD
RCB
Y,X
!REGION NUMBER!REGION NUMBER
4
!MESH FILE
mesh
!COMMUNICATION FILE!COMMUNICATION FILE
comm
!UCD
rcb-4.inp

$> eps_fvm_part � �! !
$> ls mesh.* ����BC�D�´v°

mesh 0 mesh 1 mesh 2 mesh 3mesh.0 mesh.1 mesh.2 mesh.3
$> ls comm.* ����]^�´v°

comm.0  comm.1  comm.2  comm.3
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����� � v Aj ª	������
��´v°AjD
ª	�°

http://nkl.cc.u-tokyo.ac.jp/tutorial/part_tutorial/

http://nkl.cc.u-tokyo.ac.jp/tutorial/part_tutorial.tar
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01WXBC�D�´v°�1/2��2d.mesh�
16
1    1.000000E+00    1.000000E+00  5.000000E-01    5.000000E-01    5.000000E-01
2    1.000000E+00    1.000000E+00  1.500000E+00    5.000000E-01    5.000000E-01
3    1.000000E+00    1.000000E+00  2.500000E+00    5.000000E-01    5.000000E-01
4    1.000000E+00    1.000000E+00  3.500000E+00    5.000000E-01    5.000000E-01
5    1.000000E+00    1.000000E+00  5.000000E-01    1.500000E+00    5.000000E-01
6 1.000000E+00 1.000000E+00 1.500000E+00 1.500000E+00 5.000000E-01` 6 1.000000E+00 1.000000E+00 1.500000E+00 1.500000E+00 5.000000E 01
7    1.000000E+00    1.000000E+00  2.500000E+00    1.500000E+00    5.000000E-01
8    1.000000E+00    1.000000E+00  3.500000E+00    1.500000E+00    5.000000E-01
9    1.000000E+00    1.000000E+00  5.000000E-01    2.500000E+00    5.000000E-01

10    1.000000E+00    1.000000E+00  1.500000E+00    2.500000E+00    5.000000E-01
11    1.000000E+00    1.000000E+00  2.500000E+00    2.500000E+00    5.000000E-01
12 1 000000E+00 1 000000E+00 3 500000E+00 2 500000E+00 5 000000E-01

`

�

12 1.000000E+00 1.000000E+00 3.500000E+00 2.500000E+00 5.000000E 01
13    1.000000E+00    1.000000E+00  5.000000E-01    3.500000E+00    5.000000E-01
14    1.000000E+00    1.000000E+00  1.500000E+00    3.500000E+00    5.000000E-01
15    1.000000E+00    1.000000E+00  2.500000E+00    3.500000E+00    5.000000E-01
16    1.000000E+00    1.000000E+00  3.500000E+00    3.500000E+00    5.000000E-01
24
1 2 1 000000E+00 5 000000E 01 5 000000E 011 2 1.000000E+00 5.000000E-01 5.000000E-01
1         5    1.000000E+00    5.000000E-01    5.000000E-01
2         3    1.000000E+00    5.000000E-01    5.000000E-01
2         6    1.000000E+00    5.000000E-01    5.000000E-01
3         4    1.000000E+00    5.000000E-01    5.000000E-01
3         7    1.000000E+00    5.000000E-01    5.000000E-01
4 8 1 000000E+00 5 000000E 01 5 000000E 015

13 14 15 16
4 8 1.000000E+00 5.000000E-01 5.000000E-01
5         6    1.000000E+00    5.000000E-01    5.000000E-01
5         9    1.000000E+00    5.000000E-01    5.000000E-01
6         7    1.000000E+00    5.000000E-01    5.000000E-01
6        10    1.000000E+00    5.000000E-01    5.000000E-01
7         8    1.000000E+00    5.000000E-01    5.000000E-01
7 11 1 000000 00 5 000000 01 5 000000 01

5
e
 
å
O

9 10 11 12

7 11 1.000000E+00 5.000000E-01 5.000000E-01
8        12    1.000000E+00    5.000000E-01    5.000000E-01
9        10    1.000000E+00    5.000000E-01    5.000000E-01
9        13    1.000000E+00    5.000000E-01    5.000000E-01

10        11    1.000000E+00    5.000000E-01    5.000000E-01
10        14    1.000000E+00    5.000000E-01    5.000000E-01

O
�
å
O

1 2 3 4

5 6 7 8

11        12    1.000000E+00    5.000000E-01    5.000000E-01
11        15    1.000000E+00    5.000000E-01    5.000000E-01
12        16    1.000000E+00    5.000000E-01    5.000000E-01
13        14    1.000000E+00    5.000000E-01    5.000000E-01
14        15    1.000000E+00    5.000000E-01    5.000000E-01
15        16    1.000000E+00    5.000000E-01    5.000000E-01

1 2 3 4
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01WXBC�D�´v°�1/2��2d.mesh�
16
1    1.000000E+00    1.000000E+00  5.000000E-01    5.000000E-01    5.000000E-01
2    1.000000E+00    1.000000E+00  1.500000E+00    5.000000E-01    5.000000E-01
3    1.000000E+00    1.000000E+00  2.500000E+00    5.000000E-01    5.000000E-01
4    1.000000E+00    1.000000E+00  3.500000E+00    5.000000E-01    5.000000E-01
5    1.000000E+00    1.000000E+00  5.000000E-01    1.500000E+00    5.000000E-01
6 1.000000E+00 1.000000E+00 1.500000E+00 1.500000E+00 5.000000E-01` 6 1.000000E+00 1.000000E+00 1.500000E+00 1.500000E+00 5.000000E 01
7    1.000000E+00    1.000000E+00  2.500000E+00    1.500000E+00    5.000000E-01
8    1.000000E+00    1.000000E+00  3.500000E+00    1.500000E+00    5.000000E-01
9    1.000000E+00    1.000000E+00  5.000000E-01    2.500000E+00    5.000000E-01

10    1.000000E+00    1.000000E+00  1.500000E+00    2.500000E+00    5.000000E-01
11    1.000000E+00    1.000000E+00  2.500000E+00    2.500000E+00    5.000000E-01
12 1 000000E+00 1 000000E+00 3 500000E+00 2 500000E+00 5 000000E-01

`

�

12 1.000000E+00 1.000000E+00 3.500000E+00 2.500000E+00 5.000000E 01
13    1.000000E+00    1.000000E+00  5.000000E-01    3.500000E+00    5.000000E-01
14    1.000000E+00    1.000000E+00  1.500000E+00    3.500000E+00    5.000000E-01
15    1.000000E+00    1.000000E+00  2.500000E+00    3.500000E+00    5.000000E-01
16    1.000000E+00    1.000000E+00  3.500000E+00    3.500000E+00    5.000000E-01
24
1 2 1 000000E+00 5 000000E-01 5 000000E-01 11 2 1.000000E+00 5.000000E-01 5.000000E-01 1
1         5    1.000000E+00    5.000000E-01    5.000000E-01 2
2         3    1.000000E+00    5.000000E-01    5.000000E-01 3
2         6    1.000000E+00    5.000000E-01    5.000000E-01 4
3         4    1.000000E+00    5.000000E-01    5.000000E-01 5
3         7    1.000000E+00    5.000000E-01    5.000000E-01 6
4 8 1 000000E+00 5 000000E 01 5 000000E 01 75

13 14 15 1622 23 24
4 8 1.000000E+00 5.000000E-01 5.000000E-01 7
5         6    1.000000E+00    5.000000E-01    5.000000E-01 8
5         9    1.000000E+00    5.000000E-01    5.000000E-01 9
6         7    1.000000E+00    5.000000E-01    5.000000E-01 10
6        10    1.000000E+00    5.000000E-01    5.000000E-01 11
7         8    1.000000E+00    5.000000E-01    5.000000E-01 12
7 11 1 000000E 00 5 000000E 01 5 000000E 01 13

5
e
 
å
O

9 10 11 12

11 12 13 14

18 19 20 21

15 16 17

7 11 1.000000E+00 5.000000E-01 5.000000E-01 13
8        12    1.000000E+00    5.000000E-01    5.000000E-01 14
9        10    1.000000E+00    5.000000E-01    5.000000E-01 15
9        13    1.000000E+00    5.000000E-01    5.000000E-01 16

10        11    1.000000E+00    5.000000E-01    5.000000E-01 17
10        14    1.000000E+00    5.000000E-01    5.000000E-01 18

O
�
å
O

1 2 3 4

5 6 7 8

2 4 6 7

11 12 13 14

8 9 10

11        12    1.000000E+00    5.000000E-01    5.000000E-01 19
11        15    1.000000E+00    5.000000E-01    5.000000E-01 20
12        16    1.000000E+00    5.000000E-01    5.000000E-01 21
13        14    1.000000E+00    5.000000E-01    5.000000E-01 22
14        15    1.000000E+00    5.000000E-01    5.000000E-01 23
15        16    1.000000E+00    5.000000E-01    5.000000E-01 24

1 2 3 4
1 3 5
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01WXBC�D�´v°�2/2��2d.mesh�
4� 4
4    1.000000E+00    5.000000E-01    0.000000E+00
8    1.000000E+00    5.000000E-01    0.000000E+00

12    1.000000E+00    5.000000E-01    0.000000E+00
16    1.000000E+00    5.000000E-01    0.000000E+00
4

�
O
	
 
"

4
1    1.000000E+00    1.000000E+00
5    1.000000E+00    1.000000E+00
9    1.000000E+00    1.000000E+00

13    1.000000E+00    1.000000E+00
4

®
v
©
�

X 6    1.000000E+00
7    1.000000E+00

10    1.000000E+00
11    1.000000E+00

X
p
�
�

13 14 15 16

9 10 11 12

1 2 3 4

5 6 7 8

1 2 3 4
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����BC�D�´v°�mesh.0�
8
1    1.000000E+00    1.000000E+00  2.500000E+00    2.500000E+00    5.000000E-01
2    1.000000E+00    1.000000E+00  3.500000E+00    2.500000E+00    5.000000E-01
3 1 000000E+00 1 000000E+00 2 500000E+00 3 500000E+00 5 000000E-01` 3 1.000000E+00 1.000000E+00 2.500000E+00 3.500000E+00 5.000000E 01
4    1.000000E+00    1.000000E+00  3.500000E+00    3.500000E+00    5.000000E-01
5    1.000000E+00    1.000000E+00  2.500000E+00    1.500000E+00    5.000000E-01
6    1.000000E+00    1.000000E+00  3.500000E+00    1.500000E+00    5.000000E-01
7    1.000000E+00    1.000000E+00  1.500000E+00    2.500000E+00    5.000000E-01
8 1 000000 00 1 000000 00 1 500000 00 3 500000 00 5 000000 01

`

�

8 1.000000E+00 1.000000E+00 1.500000E+00 3.500000E+00 5.000000E-01
8
5         1    1.000000E+00    5.000000E-01    5.000000E-01
6         2    1.000000E+00    5.000000E-01    5.000000E-01
7         1   1.000000E+00    5.000000E-01    5.000000E-01

5
e
 
å PE#0

1         2    1.000000E+00    5.000000E-01    5.000000E-01
1         3    1.000000E+00    5.000000E-01    5.000000E-01
2         4    1.000000E+00    5.000000E-01    5.000000E-01
8         3    1.000000E+00    5.000000E-01    5.000000E-01
3 4 1 000000E+00 5 000000E-01 5 000000E-01

å
O
�
å
O

14
8

15
3

16
4

PE#0

3 4 1.000000E+00 5.000000E 01 5.000000E 01
2
2    1.000000E+00  5.000000E-01    0.000000E+00
4    1.000000E+00  5.000000E-01    0.000000E+00
0
1

10
7

11
1

12
2

�
G
�
� 1

1    1.000000E+00

7
5

8
6

PE#1

/LÁ�01WXBC�D�´v°PýA

�

5 6

PE#2
��`�õö�����
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���P�°Y	
wH�����
�
FVM#$%&'()*�����
 ���+,-.• FVM#$%&'()*�����
����+,-.

• ����/ #012
• eps_fvm#$%&����34�eps_fvm_part
• eps fvm5'(67#8%2eps_fvm5'(67#8%2
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aeps fvmc��e�S÷iaeps_fvmc��e�S÷i

fprogram eps_fvm
use eps_fvm_all

implicit REAL*8 (A-H,O-Z)

call eps fvm input gridp _ _ p _g
call poi_gen
call eps_fvm_solver
call output ucdcall output_ucd

end program eps_fvm
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5eps fvm7��e�S÷ieps_fvm7��e�S÷i
• eps fvm input gridp _ _ p _g

– ����BC�D�
�
– ����]^�
�����]^� �

• poi_gen
– üA¼�k�b���XÓ`– üA¼�k�b���XÓ`

• eps_fvm_solver
>�Ç ª°p |p– >�Ç ª°pT|p

• output_ucd
– ����UV���izºx�_`f�

• ¡M»�PT�����
���M�yg3ãN��e
k9!�¼½¸i��n


