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$> d <$FVM>/$> cd <$FVM>/src
$> make
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k*ãi+,
$> cd <$FVM>/ex
$> cat fvmmg.ctrl

32  32  32

$> ls -l mesh.rcb.*
mesh.rcb.0 … mesh.rcb.7

$> ls -l comm.rcb.*
$> cat fvmpart.ctrl

!INITIAL FILE
fvm_entire_mesh.dat

$> ls l comm.rcb.
comm.rcb.0 … comm.rcb.7

!METHOD
RCB
X,Y,Z

!REGION NUMBER
8

!MESH FILE
mesh.rcb

!COMMUNICATION FILE!COMMUNICATION FILE
comm.rcb

!UCD
32 32 32 b 8 i32-32-32-rcb-8.inp

$> eps_fvm_mg
$> eps_fvm_part
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��ef-.k*ãi��ef-.k*ãi

INPUT DAT�^/¿:�• INPUT.DAT�^/¿:�
• |4��LsolOY��Blpns	�wK��w�wZ�®E
�¸Ê ��¸Ê<$FVM>/run�(

• 0ªE12ÊÎÐ��(

../ex/mesh.rcb >?@A�m�ok*ãiE3m4^

../ex/comm.rcb >?@AWXk*ãiE3m4^

../ex/result ��RÄ��k*ãi^�56�

� Å7 I1 ��RÄ��EÅ7�=1EYI���
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���/op����qK�I/O���/op ���qK�I/O

� ���@���

<$FVM>/run/
INPUT.DAT�¿:�

��ef-.k*ãi��ef-.k*ãi
#GRIDout#GRIDout#GRIDout#GRIDout#D-GRID

>?@A�m�oB�'
��ef
sol

#M-RESULT

#GRIDout#GRIDout#GRIDout#GRIDout#D-COMM

so
ef×8k*ãi
�UCDk*ãi59�

>?@AWXB�'
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ef|4

$> cd <$FVM>/run
$> cat INPUT DAT$> cat INPUT.DAT

../ex/mesh.rcb

../ex/comm.rcb

../ex/result
1

Lgo.shOH:I;��

$> qsub go.sh
$> ls -l ../ex/result

resultresult
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Leps fvmOE��RâÁ<=âtest.feps_fvmOE��RâÁ<=âtest.f
program eps_fvm
use hpcmw eps fvm all • |Ê>Y?�7Zp _ p _ _

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

call hpcmw eps fvm init

• WX\xk*ãi@ABA
_ _ _

call hpcmw_eps_fvm_input_grid
call poi_gen
call hpcmw_eps_fvm_solver
call output ucd

• C=�D=
C= O

_

call hpcmw_eps_fvm_finalize

end program eps fvm

– C= intNODE_tot
– C=ED= NODE_tot

_

• MPI+�iÊ9I�JKMN
– PQR�Finalize

• hpcmw_eps_fvm_util.F

– WXÄ�çi�j�%
• hpcmw_eps_fvm_comm.F
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program eps fvm_
use hpcmw_eps_fvm_all

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

call hpcmw_eps_fvm_init
call hpcmw_eps_fvm_input_grid_ _ _ _
call poi_gen
call hpcmw_eps_fvm_solver_ _ _
call output_ucd

call hpcmw_eps_fvm_finalize

end program eps_fvm
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Á]ç,mnâhpcmw eps fvm allÁ]ç,mnâhpcmw_eps_fvm_all

!C
!C***
!C*** hpcmw eps fvm all!C*** hpcmw_eps_fvm_all
!C***
!C

module hpcmw_eps_fvm_all
use hpcmw_eps_fvm_util

h fuse hpcmw_eps_fvm_pcg
use appl_cntl

end module hpcmw eps fvm allend module hpcmw_eps_fvm_all
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module hpcmw eps fvm utilmodule hpcmw_eps_fvm_util

Á]ç, n• Á]ç,mn
– �m�o
WX– WX

• MPIPQR�GHS�\x<=�çi�j�%
– hpcmw_eps_fvm_init

• MPI_Init

– hpcmw_eps_fvm_finalize
• MPI_Finalize

f– hpcmw_eps_fvm_abort
• MPI_Abort

h f d fi fil– hpcmw_eps_fvm_define_file_name
• @Ak*ãi^:;
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hpcmw eps fvm util�1/3��m�o\xhpcmw_eps_fvm_util�1/3��m�o\x
Á]^ I õ��ãJ C K

NODE_tot I - C=]ED=]

intNODE_tot I - C=]

NODE_GLOBAL(:) I NODE_tot -,��iÇÈLM

NODE_VOL(:) R NODE_tot ÇÈÀN

NODE_COND(:) R NODE_tot ÇÈOP�Q

NODE_XYZ(:) R 3*NODE_tot ÇÈáRST�3�U�

CONN_tot I - +�nÛl�Ûl·]

� Cy ÈCONN_node(:) I 2*CONN_tot +�nÛl�ÛlCyÇÈ

CONN_COEF(:) R CONN_tot +�nÛl�Ûl�]

FIX_NODE_tot I - Bl	npUVWX¥ÄÇÈ]

FIX NODE ID( ) I FIX NODE t t Bl	npUVWX¥ÄÇÈLMFIX_NODE_ID(:) I FIX_NODE_tot Bl	npUVWX¥ÄÇÈLM

FIX_NODE_COEF(:) R FIX_NODE_tot Bl	npUVWX�]

FIX_NODE_VAL(:) R FIX_NODE_tot Bl	npUVWXY

SURF NODE tot I Zãh�UVWX¥ÄÇÈ]SURF_NODE_tot I - Zãh�UVWX¥ÄÇÈ]

SURF_NODE_ID(:) I SURF_NODE_tot Zãh�UVWX¥ÄÇÈLM

SURF_NODE_FLUX(:) R SURF_NODE_tot Zãh�UVWXk.mn)

BODY NODE tot I - ÀN�OUVWX¥ÄÇÈ]BODY_NODE_tot I ÀN�OUVWX¥ÄÇÈ]

BODY_NODE_ID(:) I BODY_NODE_tot ÀN�OUVWX¥ÄÇÈLM

BODY_NODE_FLUX(:) R BODY_NODE_tot ÀN�OUVWXk.mn)
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hpcmw_eps_fvm_util�2/3�WX\xp _ p _ _
Á]^ I õ��ãJ C K

PETOT I - �,&m�]PETOT I �,&m�]

errno I - [.�ö�øY

my_rank I - .�nLM

n neighbor pe I - \]��]_ g _p \]��]

neighbor_pe(:) I n_neighbor_pe \]��ID

import_index(:) I 0:n_neighbor_pe ^XÛ�çiÄã�Bmn)

import_item(:) I import_index(n_neighbor_pe) ^XÛ�çi

export_index(:) I 0:n_neighbor_pe _XÛ�çiÄã�Bmn)

export_item(:) I export_index(n_neighbor_pe) _XÛ�çi

HPCMW_NAME_LEN I - NAME length*.��'�`63�

HPCMW_HEADER_LEN  I I - 3m4�a�*.��'�`127�

HPCMW_MSG_LEN I - �m&�aa�*.��'�`255�

HPCMW_FILNAME_LEN I - k*ãi^a�*.��'�`1023�

hpcmw_eps_fvm_files(:) C 4 @Ak*ãi^��1��m�ok*ãi��2�×
8k*ãi��4�WXk*ãi
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hpcmw_eps_fvm_util�3/3�p _ p _ _
MPIÄ*.��'

Á]^ I *.��'Y C K

hpcmw_sum I 46801 MPI_SUM

hpcmw_prod I 46802 MPI_PROD

hpcmw_max I 46803 MPI_MAX

hpcmw_min I 46804 MPI_MIN

hpcmw_integer I 53951 MPI_INTEGER

hpcmw_single_precision I 53952 MPI_SINGLE_PRECISION

hpcmw_double_presision I 53953 MPI_DOUBLE_PRECISION

hpcmw_character I 53954 MPI_CHARACTER
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hs	n)\x�hpcmw eps fvm pcg�hs	n)\x�hpcmw_eps_fvm_pcg�
Á]^ I �ãJ CK

NPLU I - x���5���]hs	n)b£cy@·]

D(:) R NODE_tot x���5���]hs	n)£cy@

PHI(:) R NODE_tot x���5��de]ñnsi

BFORCE(:) R NODE_tot x���5��fgñnsi

index(:) I 0:NODE tot �]hs	n)b£cy@ÇÈLMÄ��Uhiõ��b£cy@]�index(:) I 0:NODE_tot �]hs	n)b£cy@ÇÈLMÄ �Uhiõ��b£cy@]�

item(:) I NPLU �]hs	n)b£cy@ÇÈLMÄ��Uhiõ��b£cy@ÇÈLM�

AMAT(:) R NPLU �]hs	n)b£cy@ÇÈLMÄ��Uhiõ��b£cy@�AMAT(:) R NPLU �]hs	n)b£cy@ÇÈLMÄ �Uhiõ��b£cy@�

do i= 1, N
(i) (i)* (i)q(i)= D(i)*p(i)
do k= index(i-1)+1, index(i)
q(i)= q(i) + AMAT(k)*p(item(k))
ddenddo

enddo
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Á]ç,mnâappl cntlÁ]ç,mnâappl_cntl
!C
!C***
!C*** appl_cntl
!C***
!C

module appl_cntl
use hpcmw_eps_fvm_util

!C
!C-- FILE NAME

character(len=HPCMW_HEADER_LEN):: HEADERgrid
character(len=HPCMW_HEADER_LEN):: HEADERresult
character(len=HPCMW_HEADER_LEN):: HEADERcomm
character(len=HPCMW_HEADER_LEN):: AVSfile

!C
!C-- MESH info.

integer(kind=kint) :: NX, NY, NZ, NXP1, NYP1, NZP1
integer(kind=kint) :: PVISFLAG

�Ð�
end module appl_cntl
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program eps fvm_
use hpcmw_eps_fvm_all

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

call hpcmw_eps_fvm_init
call hpcmw_eps_fvm_input_grid_ _ _ _
call poi_gen
call hpcmw_eps_fvm_solver_ _ _
call output_ucd

call hpcmw_eps_fvm_finalize

end program eps_fvm
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PQR�hpcmw eps fvm util f�PQR�hpcmw_eps_fvm_util.f�
!C
!C***
!C*** HPCMW_EPS_FVM_INIT
!C***
!C
!C    INIT. HPCMW-FEM process's
!C

subroutine HPCMW_EPS_FVM_INIT
integer :: ierrg

call MPI_INIT     (ierr)
call MPI_COMM_SIZE (MPI_COMM_WORLD, PETOT   , ierr)
call MPI COMM RANK (MPI COMM WORLD, my rank , ierr)_ _ _ _ , y_ ,

if (my_rank.eq.0) then
zero= 1

else
zero= 0

endif

end subroutine hpcmw eps fvm initp _ p _ _
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Finalize �hpcmw eps fvm util f�Finalize �hpcmw_eps_fvm_util.f�
!C
!C***
!C*** HPCMW_EPS_FVM_FINALIZE
!C***
!C

subroutine HPCMW_EPS_FVM_FINALIZE
integer :: ierr

call MPI FINALIZE (ierr)_ ( )
if (my_rank.eq.0) stop ' * normal termination'

end subroutine hpcmw_eps_fvm_finalize
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Abort �hpcmw eps fvm util f�Abort �hpcmw_eps_fvm_util.f�
!C
!C***
!C*** HPCMW_EPS_FVM_ABORT
!C***
!C

subroutine HPCMW_EPS_FVM_ABORT
integer :: ierr

call MPI BARRIER (MPI COMM WORLD, ierr)_ ( _ _ , )
call MPI_ABORT (MPI_COMM_WORLD, ierr)

end subroutine hpcmw_eps_fvm_abort
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program eps fvm_
use hpcmw_eps_fvm_all

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

call hpcmw_eps_fvm_init
call hpcmw_eps_fvm_input_grid_ _ _ _
call poi_gen
call hpcmw_eps_fvm_solver_ _ _
call output_ucd

call hpcmw_eps_fvm_finalize

end program eps_fvm
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B�'��Í@�1/5�B '��Í@�1/5�
subroutine hpcmw_eps_fvm_input_grid
use hpcmw_eps_fvm_all
implicit REAL*8 (A H O Z)implicit REAL*8 (A-H,O-Z)

character(len=HPCMW_NAME_LEN) :: member
character(len=80        ) :: LINE

!C!C
!C +-------+
!C | FILES |
!C +-------+
!C===

open (11 file='INPUT DAT' status='unknown')

-.k*ãi LINPUT.DATO
open (11, file='INPUT.DAT', status='unknown')
read (11,'(a127)') HEADERgrid
read (11,'(a127)') HEADERcomm
read (11,j(a127)k) AVSfile
read (11,*)     PVISFLAG

close (11)close (11)

allocate (hpcmw_eps_fvm_files(4))

member= 'gridfile'
call hpcmw eps fvm define file name (member HEADERgrid)

#D-GRID
call hpcmw_eps_fvm_define_file_name (member, HEADERgrid)

member= 'commfile'
call hpcmw_eps_fvm_define_file_name (member, HEADERcomm)

!C===
#D-COMM

3m4�Hl�ª@Ak*ãi^H¬y~�(
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���/op����qK�I/O���/op ���qK�I/O

� ���@���

<$FVM>/run/
INPUT.DAT�¿:�

��ef-.k*ãi��ef-.k*ãi
#GRIDout#GRIDout#GRIDout#GRIDout#D-GRID

>?@A�m�oB�'
��ef
sol

#M-RESULT

#GRIDout#GRIDout#GRIDout#GRIDout#D-COMM

so
ef×8k*ãi
�UCDk*ãi59�

>?@AWXB�'
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>?@Ak*ãi^¬y�1/2�
�h f til f��hpcmw_eps_fvm_util.f�

!C
!C***
!C*** HPCMW_EPS_FVM_DEFINE_FILE_NAME
!C***
!C

subroutine HPCMW EPS FVM DEFINE FILE NAME (member, HEADERo)_ _ _ _ _ ,

character (len=HPCMW_HEADER_LEN) ::  HEADERo, FILENAME
character (len=HPCMW_NAME_LEN)     ::  member
character (len=HPCMW_NAME_LEN)     ::  HEADER
character (len= 1) ::  SUBindex1
character (len= 2) ::  SUBindex2
character (len= 3) ::  SUBindex3
character (len= 4) ::  SUBindex4
character (len= 5) ::  SUBindex5
character (len= 6) ::  SUBindex6
integer:: LENGTH, ID

HEADER= adjustL (HEADERo)
LENGTH= len_trim(HEADER)
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>?@Ak*ãi^¬y�2/2�
�h f til f��hpcmw_eps_fvm_util.f�

if (my_rank.le.9) then
ID= 1ID= 1
write(SUBindex1 ,'(i1.1)') my_rank

else if (my_rank.le.99) then
ID= 2
write(SUBindex2 ,'(i2.2)') my_rank

else if (my rank le 999) thenelse if (my_rank.le.999) then
ID= 3
write(SUBindex3 ,'(i3.3)') my_rank

else if (my_rank.le.9999) then
ID= 4
write(SUBindex5 '(i4 4)') my rankwrite(SUBindex5 , (i4.4) ) my_rank

else if (my_rank.le.99999) then
ID= 5
write(SUBindex6 ,'(i5.5)') my_rank

else if (my_rank.le.999999) then
ID= 6

��]1,000,000¡9
£���ID 6

write(SUBindex4 ,'(i6.6)') my_rank
endif

if (ID.eq.1) filename= HEADER(1:LENGTH)//'.'//SUBindex1
if (ID eq 2) filename= HEADER(1:LENGTH)//' '//SUBindex2

£���

if (ID.eq.2) filename HEADER(1:LENGTH)// . //SUBindex2
if (ID.eq.3) filename= HEADER(1:LENGTH)//'.'//SUBindex3
if (ID.eq.4) filename= HEADER(1:LENGTH)//'.'//SUBindex4
if (ID.eq.5) filename= HEADER(1:LENGTH)//'.'//SUBindex5
if (ID.eq.6) filename= HEADER(1:LENGTH)//'.'//SUBindex6

if (member.eq. 'gridfile') hpcmw_eps_fvm_files(1)= filename
if (member.eq. 'commfile') hpcmw_eps_fvm_files(4)= filename

end subroutine hpcmw_eps_fvm_define_file_name
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B�'��Í@�2/5�B '��Í@�2/5�
!C
!C +------------+
!C | MESH INPUT |
!C + +

#D-GRID, ®®�ý?ÊserialY��
üPE9k ãi^H:I�<ªm�!C +------------+

!C===
IUNIT= 11
open (IUNIT,file= hpcmw_eps_fvm_files(1), status='unknown')

!C

üPE9k*ãi^H:I�<ªm�

!C
!C-- NODE

read (IUNIT, '(10i10)') NODE_tot

allocate (NODE_VOL(NODE_tot), NODE_COND(NODE_tot),            &
& NODE XYZ(3*NODE tot))& NODE_XYZ(3*NODE_tot))

do i= 1, NODE_tot
read (IUNIT,'(i10,5e16.6)') ii, NODE_VOL(i), NODE_COND(i),      &

&   (NODE_XYZ(3*i-3+k), k=1, 3)
enddoenddo

!C
!C-- CONNECTION

read (IUNIT,'(10i10)') CONN_tot
allocate (CONN NODE(2*CONN tot) CONN COEF(CONN tot))allocate (CONN_NODE(2 CONN_tot), CONN_COEF(CONN_tot))
do i= 1, CONN_tot
read (IUNIT,'( 2i10, 3e16.6)') (CONN_NODE(2*i-2+k), k= 1, 2),   &

&     AREA, D1, D2
in1= CONN_NODE(2*i-1)
in2= CONN NODE(2*i )in2= CONN_NODE(2 i )
C1 = NODE_COND(in1)
C2 = NODE_COND(in2)
CONN_COEF(i)= AREA / ( D1/C1 + D2/C2 )

enddo
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B�'��Í@�3/5�B '��Í@�3/5�
!C
!C-- DIRICHLET

read (IUNIT,'(10i10)') FIX_NODE_tot
allocate (FIX NODE ID(FIX NODE tot) FIX NODE COEF(FIX NODE tot))allocate (FIX_NODE_ID(FIX_NODE_tot), FIX_NODE_COEF(FIX_NODE_tot))
allocate (FIX_NODE_VAL(FIX_NODE_tot))

do i= 1, FIX_NODE_tot
read (IUNIT, '(i10, 3e16.6)')                  &

& FIX NODE ID(i) AREA DIST FIX NODE VAL(i)& FIX_NODE_ID(i), AREA, DIST, FIX_NODE_VAL(i)
icel= FIX_NODE_ID(i)
COND= NODE_COND(icel)
FIX_NODE_COEF(i)= AREA / (DIST/COND)

enddo
!C!C
!C-- NEUMANN

read (IUNIT,'(10i10)') SURF_NODE_tot
allocate               &
&  (SURF_NODE_ID  (SURF_NODE_tot), SURF_NODE_FLUX(SURF_NODE_tot))

do i= 1, SURF_NODE_tot
read (IUNIT, '(i10, 3e16.6)') SURF_NODE_ID(i), AREA, FLUX
SURF_NODE_FLUX(i)= AREA*FLUX

enddo
!C!C
!C-- BODY FLUX

read (IUNIT,'(10i10)') BODY_NODE_tot

allocate (BODY_NODE_FLUX(NODE_tot))
do i= 1 BODY NODE totdo i= 1, BODY_NODE_tot
read (IUNIT, '(i10, 3e16.6)') icel, FLUX
BODY_NODE_FLUX(icel)= FLUX * NODE_VOL(icel)

enddo
close (IUNIT)
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>?@A�m�ok*ãi�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-01Ç 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

Ç

È

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

+
�
n
Û 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

Û
l
�
Û
l

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

U
V
W
X 1

1    1.000000E+00

7
5

8
6

PE#1

$wv�PQ0À�m�ok*ãiY��

X

5 6

PE#2
>?ÇÈLM���x6
UVWX�Bl	np�Zãh��ÀN�O�âLC=OEAE"#
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>?@A�m�ok*ãi�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-01Ç 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

Ç

È

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  y
6         2    1.000000E+00    5.000000E-01    5.000000E-01  z
7         1  1.000000E+00    5.000000E-01    5.000000E-01  { PE#0

+
�
n
Û

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 �

14
8

15
3

16
4

PE#0

} ~

� �

Û
l
�
Û
l

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

} ~

{ |

U
V
W
X 1

1    1.000000E+00

7
5

8
6

PE#1 y z

$wv�PQ0À�m�ok*ãiY��

X

5 6

PE#2
>?ÇÈLM���x6
+�nÛl�ÛlâLC=�C=O�LC=�D=OEAE"#
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B�'��Í@�4/5�B '��Í@�4/5�
!C
!C +------------+
!C | COMM INPUT |
!C + +

@AWXB�'
#D COMM!C +------------+

!C===
IUNIT= 12
open (IUNIT,file= hpcmw_eps_fvm_files(4), status='unknown')

read (IUNIT '(a)') LINE

#D-COMM

read (IUNIT, (a) ) LINE
read (IUNIT,'(6i12)') n_neighbor_pe

allocate (neighbor_pe(n_neighbor_pe))
allocate (import_index(0:n_neighbor_pe))
allocate (export index(0:n neighbor pe))allocate (export_index(0:n_neighbor_pe))

import_index= 0
export_index= 0

read (IUNIT '(a)') LINEread (IUNIT, (a) ) LINE
read (IUNIT,'(6i12)') (neighbor_pe(k), k= 1, n_neighbor_pe)

read (IUNIT,'(a)') LINE
read (IUNIT '(6i12)') (import index(k) k= 1 n neighbor pe)read (IUNIT, (6i12) ) (import_index(k), k= 1, n_neighbor_pe)
nn= import_index(n_neighbor_pe)
allocate (import_item(nn))
read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') (import_item(k), k= 1, nn)



T2K-FVM-03 44

>?@AWXk*ãi�comm.0�

#NEIBPEtot
2

\]��

2
#NEIBPE

1   2
#IMPORT index

22   4
#IMPORT items

7   8   5   6
#EXPORT index PE#0

2   4
#EXPORT items

1   3   1   2
#INTERNAL NODE

14
8

15
3

16
4

PE#0

4
#TOTAL NODE

8
#GLOBAL NODE ID

10
7

11
1

12
2

11  12  15  16   7   8
10  14

7
5

8
6

PE#1

5 6

PE#2
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>?@AWXk*ãi�comm.0�

#NEIBPEtot
2

^XÛ�çi�D="#

2
#NEIBPE

1   2
#IMPORT index

2 42 4
#IMPORT items

7   8 5   6
#EXPORT index PE#0

2   4
#EXPORT items

1   3   1   2
#INTERNAL NODE

14
8

15
3

16
4

PE#0

4
#TOTAL NODE

8
#GLOBAL NODE ID

10
7

11
1

12
2

11  12  15  16   7   8
10  14

7
5

8
6

PE#1

5 6

PE#2
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read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') (export_index(k), k= 1, n_neighbor_pe)
nn= export_index(n_neighbor_pe)
allocate (export item(nn))allocate (export_item(nn))
read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') (export_item(k), k= 1, nn)

read (IUNIT,'(a)') LINE
read (IUNIT '(6i12)') intNODE totread (IUNIT, (6i12) ) intNODE_tot

read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') nn

allocate (NODE GLOBAL(nn))allocate (NODE_GLOBAL(nn))
read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') (NODE_GLOBAL(k), k= 1, nn)

close (IUNIT)
!C===!C===

end subroutine hpcmw_eps_fvm_input_grid
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>?@AWXk*ãi�comm.0�

#NEIBPEtot
2

_XÛ�çi�UV="#

2
#NEIBPE

1   2
#IMPORT index

22   4
#IMPORT items

7   8   5   6
#EXPORT index PE#0

2   4
#EXPORT items

1   3 1   2
#INTERNAL NODE

14
8

15
3

16
4

PE#0

4
#TOTAL NODE

8
#GLOBAL NODE ID

10
7

11
1

12
2

11  12  15  16   7   8
10  14

7
5

8
6

PE#1

5 6

PE#2
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B�'��Í@�5/5�B '��Í@�5/5�
read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') (export_index(k), k= 1, n_neighbor_pe)
nn= export_index(n_neighbor_pe)
allocate (export item(nn))allocate (export_item(nn))
read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') (export_item(k), k= 1, nn)

read (IUNIT,'(a)') LINE
read (IUNIT '(6i12)') intNODE tot C=]read (IUNIT, (6i12) ) intNODE_tot

read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') nn

allocate (NODE GLOBAL(nn))

C=]

C=ED=]�NODE_tot�

allocate (NODE_GLOBAL(nn))
read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') (NODE_GLOBAL(k), k= 1, nn)

close (IUNIT)
!C===!C===

end subroutine hpcmw_eps_fvm_input_grid
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>?@AWXk*ãi�comm.0�

#NEIBPEtot
2

C=]�·ÇÈ]�C=ED=��0ÀÇÈLM

2
#NEIBPE

1   2
#IMPORT index

22   4
#IMPORT items

7   8   5   6
#EXPORT index PE#0

2   4
#EXPORT items

1   3   1   2
#INTERNAL NODE

14
8

15
3

16
4

PE#0

4
#TOTAL NODE

8
#GLOBAL NODE ID 0ÀÇÈLM�>?LM��

10
7

11
1

12
2

11  12  15  16   7   8
10  14

7
5

8
6

PE#1

5 6

PE#2

T2K-FVM-03 50

program eps fvm_
use hpcmw_eps_fvm_all

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

call hpcmw_eps_fvm_init
call hpcmw_eps_fvm_input_grid_ _ _ _
call poi_gen
call hpcmw_eps_fvm_solver_ _ _
call output_ucd

call hpcmw_eps_fvm_finalize

end program eps_fvm
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poi_gen�1/2�
• �]4�¬yÍÊ1PEE�¸Y>Y?���
G_• G_
– �]4�¬y�nÇw"#¦0ª>?@A�m�ok*ãi�
�¡�ªZ��¡�ªZ�(

>?@A� � ãi
8
1    1.00 1.00    2.50E+00    2.50E+00    5.00E-01
2    1.00    1.00    3.50E+00    2.50E+00    5.00E-01
3    1.00    1.00    2.50E+00    3.50E+00    5.00E-01
4    1.00    1.00    3.50E+00    3.50E+00    5.00E-01

>?@A�m�ok*ãi

5    1.00    1.00    2.50E+00    1.50E+00    5.00E-01
6    1.00    1.00    3.50E+00    1.50E+00    5.00E-01
7    1.00    1.00    1.50E+00    2.50E+00    5.00E-01
8    1.00    1.00    1.50E+00    3.50E+00    5.00E-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 017 1 1.000000E+00 5.000000E-01 5.000000E-01
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
2
2    1.000000E+00    5.000000E-01    0.000000E+00
4    1.000000E+00    5.000000E-01    0.000000E+00
0
1
1    1.000000E+00
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poi_gen�2/2�
• ���1LEÇÈ�0ÀLM11L��qK��]4�¬
y�nÇw\]ÇÈE"#�2 3 5 7L�0ÀLMây�nÇw\]ÇÈE"#�2,3,5,7L�0ÀLMâ
12,15,7,10��Ê0ª>?@A�m�oB�'�0ª�¡
�ªZ��ªZ�(

– [��5L�7LÊD=
>?@A� � ãi

8
1    1.00 1.00    2.50E+00    2.50E+00    5.00E-01
2    1.00    1.00    3.50E+00    2.50E+00    5.00E-01
3    1.00    1.00    2.50E+00    3.50E+00    5.00E-01
4    1.00    1.00    3.50E+00    3.50E+00    5.00E-01

>?@A�m�ok*ãi

5    1.00    1.00    2.50E+00    1.50E+00    5.00E-01
6    1.00    1.00    3.50E+00    1.50E+00    5.00E-01
7    1.00    1.00    1.50E+00    2.50E+00    5.00E-01
8    1.00    1.00    1.50E+00    3.50E+00    5.00E-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 017 1 1.000000E+00 5.000000E-01 5.000000E-01
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
2
2    1.000000E+00    5.000000E-01    0.000000E+00
4    1.000000E+00    5.000000E-01    0.000000E+00
0
1
1    1.000000E+00

T2K-FVM-03 53

program eps fvm_
use hpcmw_eps_fvm_all

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

call hpcmw_eps_fvm_init
call hpcmw_eps_fvm_input_grid_ _ _ _
call poi_gen
call hpcmw_eps_fvm_solver_ _ _
call output_ucd

call hpcmw_eps_fvm_finalize

end program eps_fvm
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�FG�I���õ�E��R
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)

��ef����WX¦nÇwÍ@

• 4�ñnsiN
i-1= r(i-1) z(i-1)
if i=1
p(1)= z(0)

else

• 4�ñnsiN
• CN

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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hpcmw eps fvm comm.Fhpcmw_eps_fvm_comm.

• MPI�\x<=�W�çi�j�%• MPI�\x<=�W�çi�j�%
– WX

MPI�çi j�E��• MPI�çi�j�E��
• Leps_fvmO�qK�1£1WX

– ��R��=WXÛ�çi

• �=
– MPI�çi�j�H�]���øö�]H��~®Y¦9I�(MPI�çi j�H�]���øö�]H��~ Y¦9I�(

– 1£1WX�qZªÊL_X�mk*ýE���_X�^X�^X
�mk*��E@A�<OYZ[��HóE=��x6~�nÇ
¦7åw�(
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hpcmw_eps_fvm_commECK
h // kl k j / i l/ ll l lib i l/
MPI_BARRIER
subroutine hpcmw eps fvm barrier

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

subroutine hpcmw_eps_fvm_barrier
MPI_ALLREDUCE()ò.��
subroutine hpcmw_eps_fvm_allreduce_R ( VAL, ntag)
subroutine hpcmw eps fvm allreduce I ( VAL ntag)subroutine hpcmw_eps_fvm_allreduce_I ( VAL, ntag)

MPI_BCAST�)ò.��
subroutine hpcmw_eps_fvm_bcast_R ( VAL, nbase)

b ti h f b t I ( VAL b )subroutine hpcmw_eps_fvm_bcast_I ( VAL, nbase)
subroutine hpcmw_eps_fvm_bcast_C ( VAL, n, nbase)

MPI_ALLREDUCE(ñnsi�
subroutine hpcmw_eps_fvm_allreduce_RV ( VAL, n, ntag)
subroutine hpcmw_eps_fvm_allreduce_IV ( VAL, n, ntag)

MPI BCAST�ñnsi�_
subroutine hpcmw_eps_fvm_bcast_RV ( VAL, n, nbase)
subroutine hpcmw_eps_fvm_bcast_IV ( VAL, n, nbase)
subroutine hpcmw eps fvm bcast CV ( VAL, n, nn, nbase)subroutine hpcmw_eps_fvm_bcast_CV ( VAL, n, nn, nbase)
�£�WXÄ�ñnsi�
subroutine hpcmw_eps_fvm_update_1_R (X, n)
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hpcmw eps fvm allreduce Rp _ p _ _ _
!C
!C***
!C*** hpcmw eps fvm allREDUCE Rp _ p _ _ _
!C***
!C

subroutine hpcmw_eps_fvm_allreduce_R ( VAL, ntag)
use hpcmw_eps_fvm_util
implicit REAL*8 (A-H,O-Z)
i t t iinteger :: ntag, ierr
real(kind=kreal) :: VAL, VALM

if (ntag .eq. hpcmw_sum) then
call MPI_allREDUCE                                 &

& (VAL, VALM, 1, MPI DOUBLE PRECISION, MPI SUM,              &( , , , _ _ , _ ,
&        MPI_COMM_WORLD, ierr)
endif

if (ntag .eq. hpcmw_max) then
call MPI_allREDUCE                                 &

& (VAL VALM 1 MPI DOUBLE PRECISION MPI MAX && (VAL, VALM, 1, MPI_DOUBLE_PRECISION, MPI_MAX, &
&        MPI_COMM_WORLD, ierr)
endif

if (ntag .eq. hpcmw_min) then
call MPI allREDUCE                             &_

&       (VAL, VALM, 1, MPI_DOUBLE_PRECISION, MPI_MIN,          &
&        MPI_COMM_WORLD, ierr)
endif

VAL= VALM

end subroutine hpcmw_eps_fvm_allreduce_R
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hpcmw eps fvm allreduce RVp _ p _ _ _
!C
!C***
!C*** hpcmw_eps_fvm_allREDUCE_RV
!C***!C
!C

subroutine hpcmw_eps_fvm_allreduce_RV ( VAL, n, ntag)
use hpcmw_eps_fvm_util
implicit REAL*8 (A-H,O-Z)
integer :: n, ntag, ierr
real(kind=kreal), dimension(n) :: VAL
real(kind=kreal), dimension(:), allocatable :: VALM

allocate (VALM(n))
if (ntag .eq. hpcmw_sum) then

call MPI allREDUCE &call MPI_allREDUCE &
&       (VAL, VALM, n, MPI_DOUBLE_PRECISION, MPI_SUM,          &
&        MPI_COMM_WORLD, ierr)
endif

if (ntag .eq. hpcmw_max) then
call MPI_allREDUCE                                 &

&       (VAL, VALM, n, MPI_DOUBLE_PRECISION, MPI_MAX,          &
&        MPI_COMM_WORLD, ierr)
endif

if (ntag eq hpcmw min) thenif (ntag .eq. hpcmw_min) then
call MPI_allREDUCE                                 &

&       (VAL, VALM, n, MPI_DOUBLE_PRECISION, MPI_MIN,          &
&        MPI_COMM_WORLD, ierr)
endif

VAL= VALM
deallocate (VALM)

end subroutine hpcmw_eps_fvm_allreduce_RV
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hpcmw eps fvm update 1 R�1/2�pc _eps_ _update_ _ � / �
subroutine hpcmw_eps_fvm_update_1_R (X, n)
use hpcmw_eps_fvm_util

implicit REAL*8 (A-H O-Z)implicit REAL 8 (A H,O Z)
integer :: n, nn, ierr
real(kind=kreal), dimension(n) :: X
real(kind=kreal), dimension(:), allocatable :: WS, WR

integer(kind=kint ), dimension(:,:), allocatable :: sta1
integer(kind=kint ), dimension(:,:), allocatable :: sta2
integer(kind=kint ), dimension(: ), allocatable :: req1
integer(kind=kint ), dimension(: ), allocatable :: req2

nn= max (n, import_index(n_neighbor_pe),                          &
& export index(n neighbor pe))& export_index(n_neighbor_pe))

allocate (WS(nn), WR(nn))

!C
!C-- INIT.

_X�^X�mk*E:;

allocate (sta1(MPI_STATUS_SIZE,n_neighbor_pe))
allocate (sta2(MPI_STATUS_SIZE,n_neighbor_pe))
allocate (req1(n_neighbor_pe))
allocate (req2(n_neighbor_pe))
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hpcmw eps fvm update 1 R�2/2�pc _eps_ _update_ _ � / �
!C
!C-- SEND

do neib= 1, n_neighbor_pe
istart= export_index(neib-1)
i t i d ( ib ) i t t

_X�mk*ýE��
inum  = export_index(neib ) - istart

do k= istart+1, istart+inum
WS(k)= X(export_item(k))

enddo
call MPI ISEND (WS(istart+1), inum, MPI DOUBLE PRECISION, &call MPI_ISEND (WS(istart+1), inum, MPI_DOUBLE_PRECISION, &

& neighbor_pe(neib), 0, MPI_COMM_WORLD,           &
&                  req1(neib), ierr)
enddo

!C
!C-- RECEIVE

d ib 1 i hb

_X

do neib= 1, n_neighbor_pe
istart= import_index(neib-1)
inum  = import_index(neib  ) - istart
call MPI_IRECV (WR(istart+1), inum, MPI_DOUBLE_PRECISION,       &

& neighbor_pe(neib), 0, MPI_COMM_WORLD,           &
&                  req2(neib), ierr)& eq ( e b), e )
enddo

call MPI_WAITALL (n_neighbor_pe, req2, sta2, ierr)

do neib= 1, n_neighbor_pe
i t t i t i d ( ib 1)istart= import_index(neib-1)
inum  = import_index(neib  ) - istart
do k= istart+1, istart+inum

X(import_item(k))= WR(k)
enddo

enddo

call MPI_WAITALL (n_neighbor_pe, req1, sta1, ierr)

deallocate (sta1, sta2, req1, req2, WS, WR)]
end subroutine hpcmw_eps_fvm_update_1_R
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_X�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

do neib= 1, NEIBPETOT
do k= export index(neib 1)+1 export index(neib)

export_index(4)

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

enddo
enddo

_X�mk*ýE��

r¾w�EÁ]H�]_X�^X��
do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index(neib  )
BUFlength e= iE e + 1 - iS e

r¾w�EÁ]H�]_X�^X��
[E9Êwå�®E�[w�mk*ý��
��<ªef~�®YH���(

g _ _ _

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

call MPI_Waitall (NEIBPETOT, request_send, stat_recv, ierr)
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hpcmw eps fvm update 1 R�2/2�pc _eps_ _update_ _ � / �
!C
!C-- SEND

do neib= 1, n_neighbor_pe
istart= export_index(neib-1)
i t i d ( ib ) i t tinum  = export_index(neib ) - istart

do k= istart+1, istart+inum
WS(k)= X(export_item(k))

enddo
call MPI ISEND (WS(istart+1), inum, MPI DOUBLE PRECISION, &call MPI_ISEND (WS(istart 1), inum, MPI_DOUBLE_PRECISION, &

& neighbor_pe(neib), 0, MPI_COMM_WORLD,           &
&                  req1(neib), ierr)
enddo

!C
!C-- RECEIVE

d ib 1 i hb ^Xdo neib= 1, n_neighbor_pe
istart= import_index(neib-1)
inum  = import_index(neib  ) - istart
call MPI_IRECV (WR(istart+1), inum, MPI_DOUBLE_PRECISION,       &

& neighbor_pe(neib), 0, MPI_COMM_WORLD,           &
&                  req2(neib), ierr)

^X

eq ( e b), e )
enddo

call MPI_WAITALL (n_neighbor_pe, req2, sta2, ierr)

do neib= 1, n_neighbor_pe
i t t i t i d ( ib 1)istart= import_index(neib-1)
inum  = import_index(neib  ) - istart
do k= istart+1, istart+inum

X(import_item(k))= WR(k)
enddo

enddo

call MPI_WAITALL (n_neighbor_pe, req1, sta1, ierr)

deallocate (sta1, sta2, req1, req2, WS, WR)]
end subroutine hpcmw_eps_fvm_update_1_R
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hpcmw eps fvm update 1 R�2/2�pc _eps_ _update_ _ � / �
!C
!C-- SEND

do neib= 1, n_neighbor_pe
istart= export_index(neib-1)
i t i d ( ib ) i t tinum  = export_index(neib ) - istart

do k= istart+1, istart+inum
WS(k)= X(export_item(k))

enddo
call MPI ISEND (WS(istart+1), inum, MPI DOUBLE PRECISION, &call MPI_ISEND (WS(istart 1), inum, MPI_DOUBLE_PRECISION, &

& neighbor_pe(neib), 0, MPI_COMM_WORLD,           &
&                  req1(neib), ierr)
enddo

!C
!C-- RECEIVE

d ib 1 i hbdo neib= 1, n_neighbor_pe
istart= import_index(neib-1)
inum  = import_index(neib  ) - istart
call MPI_IRECV (WR(istart+1), inum, MPI_DOUBLE_PRECISION,       &

& neighbor_pe(neib), 0, MPI_COMM_WORLD,           &
&                  req2(neib), ierr)& eq ( e b), e )
enddo

call MPI_WAITALL (n_neighbor_pe, req2, sta2, ierr)

do neib= 1, n_neighbor_pe
i t t i t i d ( ib 1) ^X� k ��Eistart= import_index(neib-1)
inum  = import_index(neib  ) - istart
do k= istart+1, istart+inum

X(import_item(k))= WR(k)
enddo

enddo

^X�mk*��E
B�'�ø�<

call MPI_WAITALL (n_neighbor_pe, req1, sta1, ierr)

deallocate (sta1, sta2, req1, req2, WS, WR)]
end subroutine hpcmw_eps_fvm_update_1_R
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^X�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 iBUFlength_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)

ddenddo

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

^X�mk*����

RECVbuf

enddo

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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hpcmw solver.fhpcmw_solver.f
subroutine hpcmw eps fvm solverp _ p _ _

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

EPS = 1.d-8
ITR = NODE_tot

call hpcmw_eps_fvm_solver_CG                   &
( i tNODE t t NODE t t NPLU D BFORCE DELPHI EPS& ( intNODE_tot, NODE_tot, NPLU, D, BFORCE, DELPHI, EPS,        &

&      ITR,  IER, index, item, AMAT, COMMtime)

open (11, file='fvmmg.ctrl', status='unknown')
d (11 *) NX NY NZread (11,*) NX, NY, NZ

close (11)

iS= NX*NY*NZ/2 + NX*NY/2
do i= iS+1 iS+NXdo i= iS+1, iS+NX
write (*,'(i8,3(1pe16.6))') i, DELPHI(i)

enddo

end subroutine hpcmw eps fvm solverend subroutine hpcmw_eps_fvm_solver
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���õ����õ�
!C
!C***
!C*** CG
!C***
!C

subroutine hpcmw_eps_fvm_solver_CG           &
&         ( N, NP, NPLU, D, B, X, EPS, ITR, IER,                  &
& index item COEF Tcomm)& index, item, COEF, Tcomm)

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

l(ki d k l) di i (N ) Dreal(kind=kreal), dimension(N ) :: D
real(kind=kreal), dimension(NP) :: B
real(kind=kreal), dimension(NP) :: X

integer  , dimension(0:N) :: index
integer  , dimension(NPLU):: item
real   (kind=kreal), dimension(NPLU):: COEF

real(kind=kreal) :: EPS, Tcomm

integer :: ITR, IER
integer :: P, Q, R, Z, DD

real(kind=kreal), dimension(:,:), allocatable, save :: W

N :  intNODE_tot    COEF: AMAT
NP:  NODE_tot       B   : RHS 
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���õ�EL��RO�1/4����õ�E ��RO�1/4�

• 4�ñnsiN• 4�ñnsiN
!C
!C +-------------+
!C | {q}= [A]{p} |
!C +-------------+
!C===

exchange W(i,P)

do i= 1, N
W(i,Q) = D(i) * W(i,P)
do j= index(i-1)+1, index(i)
W(i,Q) = W(i,Q) + COEF(j) * W(item(j),P)

enddo
enddoenddo

!C===
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���õ�EL��RO��/4����õ�E ��RO��/4�

• 4�ñnsiN• 4�ñnsiN

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

call hpcmw_eps_fvm_update_1_R (W(1,P), NP)

do i= 1, N
W(i,Q) = D(i) * W(i,P)W(i,Q) D(i) W(i,P)
do j= index(i-1)+1, index(i)
W(i,Q) = W(i,Q) + COEF(j) * W(item(j),P)

enddo
enddoenddo

!C===
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���õ�EL��RO�2/4�
• CNâMPI_ALLREDUCE
!C
!C +-------------+
!C | RHO= {r}{z} |
!C +-------------+

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

!C===
RHO= 0.d0

do i= 1 N

!C + +
!C===

RHO= 0.d0

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

enddo

allreduce RHO

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

enddo

allreduce RHO

!C===

allreduce RHO

[ w ���

!C===

allreduce RHO

N i tNODE t t

®[<ªÊZKwZ������?
�NâC=]�NPâC=ED=�

N : intNODE_tot
NP: NODE_tot
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���õ�EL��RO�2/4����õ�E ��RO�2/4�

CN

!

• CNâMPI_ALLREDUCE

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

RHO= 0.d0

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

enddo

ll h f ll d ( O h )call hpcmw_eps_fvm_allreduce_R (RHO, hpcmw_sum)
!C===
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���õ�EL��RO�3/4����õ�E ��RO�3/4�

N� �YNP� �E�Z���• N�intNODE_tot�YNP�NODE_tot�E�Z���(
– $wv�efÊN�@í���Z�i��Êdo i=1,N�(

– D=EYHÁ���[w��g�å��efÊ<wZ(
• D=EY¦nÇwYIÊ4�ñnsiNEA(
ó YI WX D= YHö� å���• óEYI�WX<ªD=EYHö�éªå���Z(
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���õ�EL��RO�4/4�
• ¤5��� Á]�X�ED=�qK�¤ÒYHö�éªqå
®YH¡�wZ�[�(H¡�w [ (

DNRM20= 0.d0
do i= 1, N
X(i)  = X(i)   + ALPHA * W(i,P)
(i ) (i ) * (i )W(i,R)= W(i,R) - ALPHA * W(i,Q)

enddo
DNRM2 = 0.0
do i= 1, N
DNRM2= DNRM2 + W(i,R)**2

enddo

call hpcmw eps fvm allreduce R (DNRM2, hpcmw sum)p _ p _ _ _ p _
RESID= dsqrt(DNRM2/BNRM2)

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

enddo
900 continue

call hpcmw eps fvm update 1 R (X, NP)call hpcmw_eps_fvm_update_1_R (X, NP)

return
end subroutine hpcmw_eps_fvm_solver_CG
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program eps fvm_
use hpcmw_eps_fvm_all

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

call hpcmw_eps_fvm_init
call hpcmw_eps_fvm_input_grid_ _ _ _
call poi_gen
call hpcmw_eps_fvm_solver_ _ _
call output_ucd

call hpcmw_eps_fvm_finalize

end program eps_fvm
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• Z#¢� L����ROHíéªö�[qöøJé=E9÷Z#¢��L����ROHíéªö�[qöøJé=E9÷
�¦��,-.�¦£0CD	
Ä����=öE9÷�=
� Leps fvmOE�[wbCD	
vwöE9Ê£�¦¤��Leps_fvmOE�[wbCD	
vwöE9Ê£�¦¤
<Z(

• ¥Z�MicroAVS¦ü§9���E9�¦<�é=��,�
jH3A�®Y�<=jH3A�®Y�<=(
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í�§I®Yí� I®Y

PQ0À�m�o ��@� ×8Hö[��
�qEk*ãi�~�

@AFG@AFG
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��R��R

• Z#¢� L����ROHíéªö�[qöøJé=E9÷Z#¢��L����ROHíéªö�[qöøJé=E9÷
�¦��,-.�¦£0CD	
Ä����=öE9÷�=
� Leps fvmOE�[wbCD	
vwöE9Ê£�¦¤��Leps_fvmOE�[wbCD	
vwöE9Ê£�¦¤
<Z(

• ¥Z�MicroAVS¦ü§9���E9�¦<�é=��,�
jH3A�®Y�<=jH3A�®Y�<=(

• wïEL����ROYÊ¨�wZ¦�L MPI_GathervOS
E\]H�Ä~��2�öw�E9�®E�[wíø�=H\] ~ � � [
3A�(
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AVS UCDk*ãiAVS UCDk*ãi

• ¤G��ÊUCD�Unstructured Cell Data�kÉ�hmsY<¤G��ÊUCD�Unstructured Cell Data�kÉ hmsY<
ª�®�HMicroAVS9@AB©(

• k*ãi^ÊL* inpO9wK��w�wZk*ãi^ÊL*.inpO9wK��w�wZ(

• UCDk*ãiÊ')E2Í@��Cy��ªZ�E9÷�¦�
��ÊL��O�qZªÊ PQ0À� � a �p '9��ÊL��O�qZªÊ�PQ0À�m�oau�p�'9
§«v�¬y��ªZ��fvm_entire_mesh.inp-
�geo�(

– ���ª=�ÇÈ�
×8– ×8

• ×8EA�qZª� �g~���Z(
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PQ0À
¬y

�m�oau�p�'
eps fvm mg

#MGCTRL
<$FVM>/ex/
fvmmg.ctrl

�m�o¬y
eps_fvm_mgfvmmg.ctrl

üST«5bEÇÈ]
�^/¿:��^/¿:�

#S-GRID
<$FVM>/ex/

#S-GRID-UCD
<$FVM>/ex/

#S-GRID-GEO
<$FVM>/ex/

PQ0À�m�oB�'
�^/¿:�

fvm_entire_mesh.dat

PQ0À�m�oB�'
UCDk*ãi�AVSÄ�

fvm_entire_mesh.inp

PQ0À�m�oB�'
UCDk*ãi��Í

fvm_entire_mesh.inp-geo

�^/¿:� UCDk*ãi�AVSÄ�
�^/¿:�

UCDk*ãi��Í
�AVSÄ��^/¿:�

ª=]�ÇÈ]S ª=]�ÇÈ]Sª=]�ÇÈ]S

ª=ST

ª=]�ÇÈ]S

ª=ST

ÇÈ+�nÛl�Ûl ÇÈ+�nÛl�Ûl

ÇÈEY�ef×8
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AVS UCDk*ãiE��1/2�
45ª= 16ÇÈE¬sÀ45ª=�16ÇÈE¬sÀ

klmmmmmmmmmmnommmmmmmmmmmpmmmmmmmmmmmnmmmmmmmmmmmp
nmmmmpqpppppprsppmmmmpqpppppprsppmmmmpqpppppprspp
tmmmmnqpppppprsppmmmmpqpppppprsppmmmmpqpppppprspp
ummmmtqpppppprsppmmmmpqpppppprsppmmmmpqpppppprspp
kmmmmpqpppppprsppmmmmnqpppppprsppmmmmpqpppppprspp
lmmmmnqpppppprsppmmmmnqpppppprsppmmmmpqpppppprspp
ommmmtqpppppprsppmmmmnqpppppprsppmmmmpqpppppprspp
vmmmmpqpppppprsppmmmmtqpppppprsppmmmmpqpppppprspp
wmmmmnqpppppprsppmmmmtqpppppprsppmmmmpqpppppprspp
xmmmmtqpppppprsppmmmmtqpppppprsppmmmmpqpppppprspp
np p pppppprspp p pppppprspp n pppppprsppnpmmmmpqpppppprsppmmmmpqpppppprsppmmmmnqpppppprspp
nnmmmmnqpppppprsppmmmmpqpppppprsppmmmmnqpppppprspp
ntmmmmtqpppppprsppmmmmpqpppppprsppmmmmnqpppppprspp
nummmmpqpppppprsppmmmmnqpppppprsppmmmmnqpppppprspp
nkmmmmnqpppppprsppmmmmnqpppppprsppmmmmnqpppppprspp
nlmmmmtqpppppprsppmmmmnqpppppprsppmmmmnqpppppprspp
nommmmpqpppppprsppmmmmtqpppppprsppmmmmnqpppppprspp
nv n pppppprspp t pppppprspp n pppppprsppnvmmmmnqppppppr ppmmmmtqppppppr ppmmmmnqppppppr pp
nwmmmmtqpppppprsppmmmmtqpppppprsppmmmmnqpppppprspp
nxmmmmpqpppppprsppmmmmpqpppppprsppmmmmtqpppppprspp
tpmmmmnqpppppprsppmmmmpqpppppprsppmmmmtqpppppprspp
tnmmmmtqpppppprsppmmmmpqpppppprsppmmmmtqpppppprspp
ttmmmmpqpppppprsppmmmmnqpppppprsppmmmmtqpppppprspp
tummmmnqpppppprsppmmmmnqpppppprsppmmmmtqpppppprspp
tkmmmmtqpppppprsppmmmmnqpppppprsppmmmmtqpppppprspp
tlmmmmpqpppppprsppmmmmtqpppppprsppmmmmtqpppppprspp
tommmmnqpppppprsppmmmmtqpppppprsppmmmmtqpppppprspp
tvmmmmtqpppppprsppmmmmtqpppppprsppmmmmtqpppppprspp
twmmmmpqpppppprsppmmmmpqpppppprsppmmmmuqpppppprspp
txmmmmnqpppppprsppmmmmpqpppppprsppmmmmuqpppppprspp
upmmmmtqpppppprsppmmmmpqpppppprsppmmmmuqpppppprspp
unmmmmpqpppppprsppmmmmnqpppppprsppmmmmuqpppppprspp
ut n pppppprspp n pppppprspp u pppppprspputmmmmnqpppppprsppmmmmnqpppppprsppmmmmuqpppppprspp
uummmmtqpppppprsppmmmmnqpppppprsppmmmmuqpppppprspp
ukmmmmpqpppppprsppmmmmtqpppppprsppmmmmuqpppppprspp
ulmmmmnqpppppprsppmmmmtqpppppprsppmmmmuqpppppprspp
uommmmtqpppppprsppmmmmtqpppppprsppmmmmuqpppppprspp
uvmmmmpqpppppprsppmmmmpqpppppprsppmmmmkqpppppprspp
uwmmmmnqpppppprsppmmmmpqpppppprsppmmmmkqpppppprspp
ux tqpppppprspp pqpppppprspp kqpppppprsppuxmmmmtqppppppr ppmmmmpqppppppr ppmmmmkqppppppr pp
kpmmmmpqpppppprsppmmmmnqpppppprsppmmmmkqpppppprspp
knmmmmnqpppppprsppmmmmnqpppppprsppmmmmkqpppppprspp
ktmmmmtqpppppprsppmmmmnqpppppprsppmmmmkqpppppprspp
kummmmpqpppppprsppmmmmtqpppppprsppmmmmkqpppppprspp
kkmmmmnqpppppprsppmmmmtqpppppprsppmmmmkqpppppprspp
klmmmmtqpppppprsppmmmmtqpppppprsppmmmmkqpppppprspp
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• ü�,&m��qK�ef×8�PHI(:)�	®�����-
, �iÇÈLMH ÷��,&m��¯��,��iÇÈLMH�÷��,&m��¯��â
MPI_Gatherv�Ä
LC=OE×8EA9�Z– LC=OE×8EA9�Z(

• óE�,&m����×8H')E:�9�-,��iLM
��:I�~�L Ê��wZ���:I�~�L,OÊ��wZ�â

<-,��iÇÈLM><ef×8>

• k*ãiHLfvm_entire_mesh.inp-geoO�� �g<ª
UCDk*ãiH¬y~�UCDk*ãiH¬y~�(

• °�s
– MPI_GathervH�[
– -,��iIDÊ>?@AWXk*ãi�ø±�
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MPI_Gathervâ
>?ñns ��0Àñns ¬y

MPI_Gatherv

>?ñnsi��0Àñnsi¬y
• cd <$FVM>/gatherv• cd <$FVM>/gatherv

• La2.0~a2.3O��>?ñnsi"#H@ABA�L0Àñ
ns "#Hü� & � ¬y~�� - �H�ynsiO"#Hü�,&m��¬y~��,-.�H�y
~�(MPI_GathervH�Ä~�(

PE#0

8

PE#1

5

PE#2

7

PE#3

38
101.0
103.0
105 0

5
201.0
203.0
205 0

7
301.0
303.0
305 0

3
401.0
403.0
405 0105.0

106.0
109.0
111.0

205.0
206.0
209.0

305.0
306.0
311.0
321.0

405.0
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111.0
121.0
151.0

321.0
351.0
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>?ñnsi��0Àñnsi¬y

MPI_Gatherv

>?ñnsi��0Àñnsi¬y
MPI_GathervH�[�¸�1/5�

PE#0

PE#1

PE#0

PE#1PE#1

PE#2

PE#1

PE#2
MPI Gatherv

PE#3 PE#3
MPI_Gatherv

83
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MPI Gatherv
MPI_Gatherv

MPI_Gatherv

• MPI_Gather E�Áa�ñnsi²
– L>?B�'O��L0ÀB�'OH¬y~�

• call MPI_Gatherv (sendbuf, scount, sendtype, recvbuf, rcounts, 
displs, recvtype, root, comm, ierr)
– sendbuf ³� I _X�mk*E´µ�gp)sendbuf ³� I _X�mk*E´µ�gp)�

– scount µ] I _X�m&�aE�ãJ

– sendtype µ] I _X�m&�aEB�''ã�

– recvbuf ³� O ^X�mk*E´µ�gp)�

µ] ^X� & aE�ãJ�õ� �ãJ �– rcounts µ] I ^X�m&�aE�ãJ�õ�â�ãJ`PETOT�
– displs µ] I ^X�m&�aEã�Bmn)�õ�â�ãJ`PETOT+1�
– recvtype µ] I ^X�m&�aEB�''ã�

– root µ] I ^X�m&�a^XU�.�n�

– comm µ] I +/oè
�'H¶:~�

– ierr µ] O £H+�g
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MPI Gatherv�·I�
MPI_Gatherv

MPI_Gatherv�·I�
• call MPI_Gatherv (sendbuf, scount, sendtype, recvbuf, rcounts, 

di l t t i )displs, recvtype, root, comm, ierr)
– rcounts µ] I ^X�m&�aE�ãJ�õ�â�ãJ`PETOT�
– displs µ] I ^X�m&�aEã�Bmn)�õ�â�ãJ`PETOT+1�

– ®E2qEõ�Ê�¤Gv�¬y���L0ÀB�'OE�ãJ�\~�õ�9÷�=��ü�,&)9õ�
E0ªEY¦nÇ�w�â
• ö�¸?ü�,&)9�WEYH¹qnÇ¦÷�(

– WºÊstride(i)=rcounts(i)

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)

rcounts(1) rcounts(2) rcounts(3) rcounts(m)rcounts(m-1)

displs(1)=0 displs(2)= displs(m+1)=

85

displs(1) 0 displs(2)
displs(1) + stride(1)

displs(m 1)
displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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MPI Gatherv9íéª

rcoun

displs(1) MPI_
Gatherv_

Z�®Y
stride(1)

ts(1)

displs(2)
>?B '��0ÀB 'H

rcounts(

stride(2)

p ( )
>?B�'��0ÀB�'H
¬y~�

PE#0 N

(2)

displs(3)
PE#1 N

PE#2

rcounts(3 stride(3)

p ( )

PE#2 N

PE#3 N

3)
rc displs(4)

PE#3 N

counts
(4) stride(4)
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displs(5)

>?B�'âsendbuf 0ÀB�'ârecvbuf
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MPI Gatherv9íéª
MPI_Gatherv

_
Z�®Y

rc displs(1)
>?B '��0ÀB 'H¬y~� stride(1)

= rcounts(1)

counts(1)

p ( )
>?B�'��0ÀB�'H¬y~�

PE#0

)
rcount stride(2)

displs(2)N

PE#1

PE#2

ts(2)
rc

= rcounts(2)

displs(3)

N

PE#2

PE#3

counts(3)

stride(3)
= rcounts(3)

di l (4)

N

NPE#3 )
rcounts

(4) stride(4)
= rcounts(4)

displs(4)N
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s

displs(5)
>?B�'âsendbuf 0ÀB�'ârecvbuf
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MPI_Gatherv»¼�1/2�
MPI_Gatherv

_
• call MPI_ALLGATHERV (sendbuf, scount, sendtype, recvbuf, rcounts, 

displs, recvtype, root, comm, ierr)
– rcounts µ] I ^X�m&�aE�ãJ�õ�â�ãJ`PETOT�
– displs µ] I ^X�m&�aEã�Bmn)�õ�â�ãJ`PETOT+1�

• rcounts• rcounts
– üPE�qK��m&�a�ãJâ>?B�'E�ãJ

• displs
ü>?B�'E0ÀB�'�qK�ã�Bmn)– ü>?B�'E0ÀB�'�qK�ã�Bmn)

– displs(PETOT+1)¦0ÀB�'E�ãJ

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)

rcounts(1) rcounts(2) rcounts(3) rcounts(m)rcounts(m-1)

displs(1)=0 displs(2)= displs(m+1)=
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( ) p ( )
displs(1) + stride(1)

p ( )
displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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MPI_Gatherv»¼�2/2�
MPI_Gatherv

_
• rcountsYdisplsÊü�,&)9�WEY¦nÇ

ü�,&)EñnsiE I� H <ª– ü�,&)EñnsiE I� N Hallgather<ª�rcounts
�½ï~�ñnsiH��(

rcounts��ü�,&)�qZªdisplsH�����öE¦9– rcounts��ü�,&)�qZªdisplsH�����öE¦9
I��(
• stride(i)= rcounts(i) Y~�( ) ( )

– rcountsE¾�<=¦éªrecvbufEx¿��HÀÁ~�(

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)

rcounts(1) rcounts(2) rcounts(3) rcounts(m)rcounts(m-1)

displs(1)=0 displs(2)= displs(m+1)=
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( ) p ( )
displs(1) + stride(1)

p ( )
displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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MPI G th �Ä+,

MPI_Gatherv

MPI_Gatherv�Ä+,
Â 2 0” ” 2 3”�� 0ÀñnsiH¬y~�• Âa2.0”~”a2.3”���0ÀñnsiH¬y~�(

• ük*ãiEñnsiE�ãJ¦�8,5,7,39÷����a
�23�=8+5+7+3�Eñnsi¦9I�®Y�w�(

PE#0

8

PE#1

5

PE#2

7

PE#3

38
101.0
103.0
105 0

5
201.0
203.0
205 0

7
301.0
303.0
305 0

3
401.0
403.0
405 0105.0

106.0
109.0
111.0

205.0
206.0
209.0

305.0
306.0
311.0
321.0

405.0
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111.0
121.0
151.0

321.0
351.0
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MPI_Gatherv

>?�0Àñnsi¬yâ�

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)

rcounts(1) rcounts(2) rcounts(3) rcounts(m)rcounts(m-1)

stride(1) stride(2) stride(3) stride(m 1) stride(m)

rcounts(1) rcounts(2) rcounts(3) rcounts(m)rcounts(m-1)

stride(1) stride(2) stride(3) stride(m 1) stride(m)

displs(1)=0 displs(2)=
displs(1) + stride(1)

displs(m+1)=
displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)

displs(1)=0 displs(2)=
displs(1) + stride(1)

displs(m+1)=
displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)

• >?ñnsi"#H@AB©

size(recvbuf)= displs(PETOT+1)= sum(stride)size(recvbuf)= displs(PETOT+1)= sum(stride)

>?ñnsi"#H@AB©

• LrcountsO� LdisplsOH�y~�
• LrecvbufOH+,~�

91S1-2

• Gatherv
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>?�0Àñnsi¬y�1/2�
MPI_Gatherv

>?�0Àñnsi¬y�1/2�
<$FVM>/gatherv/mpigathertest.*

implicit REAL*8 (A-H,O-Z)
include 'mpif.h'
integer :: PETOT, my_rank, SOLVER_COMM, ierr
real(kind=8), dimension(:), allocatable :: VEC, VEC2, VECg
integer (kind=4), dimension(:), allocatable :: COUNT, COUNTindex
character(len=80) :: filenamec a acte ( e 80) :: e a e

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

if (my_rank.eq.0) filename= 'a2.0'
if (my_rank.eq.1) filename= 'a2.1'
if (my_rank.eq.2) filename= 'a2.2'
if (my_rank.eq.3) filename= 'a2.3'

open (21 file= filename status= 'unknown')open (21, file= filename, status= unknown )
read (21,*) N
allocate (VEC(N))
do i= 1, N

read (21,*) VEC(i)
enddo

�ÃH:I�<ªm�[

allocate (COUNT(PETOT), COUNTindex(PETOT+1))
call MPI_allGATHER ( N    , 1, MPI_INTEGER,                       &

&                     COUNT, 1, MPI_INTEGER,                       &
&         MPI_COMM_WORLD, ierr)
COUNTindex(1)= 0

üPE�qK�ñnsia�E"#¦
LCOUNTO����LrcountsO�
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do ip= 1, PETOT
COUNTindex(ip+1)= COUNTindex(ip) + COUNT(ip)

enddo

�ÃH:I�<ªm�[
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MPI Allgather All gather
A0P#0 B0 C0 D0

A0P#1 B0 C0 D0

A0P#0 B0 C0 D0

A0P#1 B0 C0 D0

A0P#0

B0P#1

A0P#0

B0P#1

MPI_Gatherv

MPI_Allgather g
A0P#1 B0 C0 D0

A0P#2 B0 C0 D0

A0P#3 B0 C0 D0

A0P#1 B0 C0 D0

A0P#2 B0 C0 D0

A0P#3 B0 C0 D0

B0P#1

C0P#2

D0P#3

B0P#1

C0P#2

D0P#3

• MPI_GatherEMPI_Bcast

• call MPI Allgather (sendbuf scount sendtype recvbuf rcount• call MPI_Allgather (sendbuf, scount, sendtype, recvbuf, rcount,
recvtype, comm, ierr)
– sendbuf ³� I _X�mk*E´µ�gp)�

– scount µ] I _X�m&�aE�ãJscount µ] I _X�m& aE�ãJ

– sendtype µ] I _X�m&�aEB�''ã�

– recvbuf ³� O ^X�mk*E´µ�gp)�

– rcount µ] I ^X�m&�aE�ãJ

t µ] I ^X�m& aEB ''ã�– recvtype µ] I ^X�m&�aEB�''ã�

– comm µ] I +/oè
�'H¶:~�

– ierr µ] O £H+�g
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>?�0Àñnsi¬y�2/2�
MPI_Gatherv

do ip= 1, PETOT
COUNTindex(ip+1)= COUNTindex(ip) + COUNT(ip)

>?�0Àñnsi¬y�2/2�
<$FVM>/gatherv/mpigathertest.*

COUNTindex(ip+1)= COUNTindex(ip) + COUNT(ip)
enddo

allocate (VECg(COUNTindex(PETOT+1)))
VECg= 0.d0

call MPI Gatherv &

LdisplsO�½ï~�öEH¬y(

call MPI_Gatherv &
&    ( VEC , N, MPI_DOUBLE_PRECISION,                &
&      VECg, COUNT, COUNTindex, MPI_DOUBLE_PRECISION,          &
&      0, MPI_COMM_WORLD, ierr)

if (my_rank.eq.0) then
d i 1 COUNTi d (PETOT+1)do i= 1, COUNTindex(PETOT+1)

write (*,'(2i8,f10.0)') my_rank, i, VECg(i)
enddo

endif

call MPI_FINALIZE (ierr)

stop
end

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
t id (1) t id (2) t id (3) t id ( 1) t id ( )

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
t id (1) t id (2) t id (3) t id ( 1) t id ( )

rcounts(1) rcounts(2) rcounts(3) rcounts(m)rcounts(m-1)

stride(1) stride(2) stride(3) stride(m-1) stride(m)

rcounts(1) rcounts(2) rcounts(3) rcounts(m)rcounts(m-1)

stride(1) stride(2) stride(3) stride(m-1) stride(m)
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displs(1)=0 displs(2)=
displs(1) + stride(1)

displs(m+1)=
displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)

displs(1)=0 displs(2)=
displs(1) + stride(1)

displs(m+1)=
displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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>?�0Àñnsi¬y�2/2�
MPI_Gatherv

do ip= 1, PETOT
COUNTindex(ip+1)= COUNTindex(ip) + COUNT(ip)

>?�0Àñnsi¬y�2/2�
<$FVM>/gatherv/mpigathertest.*

COUNTindex(ip+1)= COUNTindex(ip) + COUNT(ip)
enddo

allocate (VECg(COUNTindex(PETOT+1)))
VECg= 0.d0

call MPI Gatherv &
LrecbufOE�ãJ

call MPI_Gatherv &
&    ( VEC , N, MPI_DOUBLE_PRECISION,                &
&      VECg, COUNT, COUNTindex, MPI_DOUBLE_PRECISION,          &
&      0, MPI_COMM_WORLD, ierr)

if (my_rank.eq.0) then
d i 1 COUNTi d (PETOT+1)do i= 1, COUNTindex(PETOT+1)

write (*,'(2i8,f10.0)') my_rank, i, VECg(i)
enddo

endif

call MPI_FINALIZE (ierr)

stop
end

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
t id (1) t id (2) t id (3) t id ( 1) t id ( )

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
t id (1) t id (2) t id (3) t id ( 1) t id ( )

rcounts(1) rcounts(2) rcounts(3) rcounts(m)rcounts(m-1)

stride(1) stride(2) stride(3) stride(m-1) stride(m)

rcounts(1) rcounts(2) rcounts(3) rcounts(m)rcounts(m-1)

stride(1) stride(2) stride(3) stride(m-1) stride(m)
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displs(1)=0 displs(2)=
displs(1) + stride(1)

displs(m+1)=
displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)

displs(1)=0 displs(2)=
displs(1) + stride(1)

displs(m+1)=
displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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MPI_Gatherv

>?�0Àñnsi¬y�2/2�
<$FVM>/gatherv/mpigathertest.*

do ip= 1, PETOT
COUNTindex(ip+1)= COUNTindex(ip) + COUNT(ip)COUNTindex(ip+1)= COUNTindex(ip) + COUNT(ip)

enddo

allocate (VECg(COUNTindex(PETOT+1)))
VECg= 0.d0

call MPI Gatherv &call MPI_Gatherv &
&    ( VEC , N, MPI_DOUBLE_PRECISION,                &
&      VECg, COUNT, COUNTindex, MPI_DOUBLE_PRECISION,          &
&      0, MPI_COMM_WORLD, ierr)

if (my_rank.eq.0) then
d i 1 COUNTi d (PETOT+1)

call MPI_Gatherv 
( db f t dt b f t di ldo i= 1, COUNTindex(PETOT+1)

write (*,'(2i8,f10.0)') my_rank, i, VECg(i)
enddo

endif

call MPI_FINALIZE (ierr)

(sendbuf, scount, sendtype, recvbuf, rcounts, displs,
recvtype, root, comm, ierr)

stop
end

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
t id (1) t id (2) t id (3) t id ( 1) t id ( )

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
t id (1) t id (2) t id (3) t id ( 1) t id ( )

rcounts(1) rcounts(2) rcounts(3) rcounts(m)rcounts(m-1)

stride(1) stride(2) stride(3) stride(m-1) stride(m)

rcounts(1) rcounts(2) rcounts(3) rcounts(m)rcounts(m-1)

stride(1) stride(2) stride(3) stride(m-1) stride(m)

96

displs(1)=0 displs(2)=
displs(1) + stride(1)

displs(m+1)=
displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)

displs(1)=0 displs(2)=
displs(1) + stride(1)

displs(m+1)=
displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)

T2K-FVM-03

|4

$ d <$FVM>/ th

FORTRAN

$ cd <$FVM>/gatherv
$ mpif90 –Oss –noparallel mpigathertest.f

Ä�go.shÄÅ�
$ qsub go.sh

C

$ cd <$FVM>/gatherv
$ mpicc –Os –noparallel mpigathertest.c$ p p p g

�go.shÄÅ�
$ qsub go sh
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$ qsub go.sh
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��

• ü�,&m��qK�ef×8�PHI(:)�	®����H�ü� &m��qK�ef×8� (:)�	®����H�
÷��,&m��¯��âMPI_Gatherv�Ä
– LC=OE×8EA9�Z(LC=OE×8EA9�Z(

• óE�,&m����×8H')E:�9�-,��iLM
��:I�~�L OÊ��wZ�â��:I�~�L,OÊ��wZ�â

<-,��iÇÈLM><ef×8>

• k*ãiHLfvm entire mesh inp geoO�� �g<ª• k*ãiHLfvm_entire_mesh.inp-geoO�� �g<ª
UCDk*ãiH¬y~�(
°�s• °�s
– MPI_GathervH�[
– -,��iIDÊ>?@AWXk*ãi�ø±�
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>?@AWXk*ãi�comm.0�

#NEIBPEtot
2

C=]�·ÇÈ]�C=ED=��0ÀÇÈLM

2
#NEIBPE

1   2
#IMPORT index

22   4
#IMPORT items

7   8   5   6
#EXPORT index PE#0

2   4
#EXPORT items

1   3   1   2
#INTERNAL NODE

14
8

15
3

16
4

PE#0

4
#TOTAL NODE

8
#GLOBAL NODE ID 0ÀÇÈLM�>?LM��

10
7

11
1

12
2

11  12  15  16   7   8
10  14

7
5

8
6

PE#1

5 6

PE#2
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ÇÈE-,��iIDÇÈE-, �iID
hpcmw_eps_fvm_input_grid

read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') (export_index(k), k= 1, n_neighbor_pe)
nn= export index(n neighbor pe)p _ ( _ g _p )
allocate (export_item(nn))
read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') (export_item(k), k= 1, nn)

read (IUNIT,'(a)') LINE,
read (IUNIT,'(6i12)') intNODE_tot

read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') nn

allocate (NODE_GLOBAL(nn))
read (IUNIT,'(a)') LINE
read (IUNIT,'(6i12)') (NODE_GLOBAL(k), k= 1, nn)

close (IUNIT)
!C===

end subroutine hpcmw_eps_fvm_input_grid
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�Æ�Æ

PE#2

13 14 15 16
13
3

14
4

15
3

16
4

PE#2 PE#3

9 10 11 12

13 14 15 16

9
1

10
2

3 4

11
1

12
2

3 4

5 6 7 8 5
3

6
4

7
3

8
4

1 2 3 4 1
1

2
2

3 4

3
1

4
2

3 4

PE#0 PE#1

C=C=
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�Æâef×8�âPHIE�Ã

PE#2
PE#    ÇÈLM PHI(i)

�, òi��-, �i�

13
3

14
4

15
3

16
4

PE#2 PE#3 �,�òi��-,��i�

0 1 1 1.150000E+01
0 2 2 9.500000E+00

9
1

10
2

3 4

11
1

12
2

3 4
0 3 5 1.150000E+01
0 4 6 9.500000E+00

2 1 3 6 500000E+00

5
3

6
4

7
3

8
4

2 1 3 6.500000E+00
2 2 4 2.500000E+00
2 3 7 6.500000E+00
2 4 8 2.500000E+00

1
1

2
2

3 4

3
1

4
2

3 4
1 1 9 1.150000E+01
1 2 10 9.500000E+00
1 3 13 1.150000E+01

PE#0 PE#1
3 1 11 6.500000E+00
3 2 12 2 500000E+00

1 3 13 1.150000E+01
1 4 14 9.500000E+00

3 2 12 2.500000E+00
3 3 15 6.500000E+00
3 4 16 2.500000E+00
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hpcmw eps fvm global output�1/2�hpcmw_eps_fvm_global_output�1/2�
subroutine hpcmw_eps_fvm_global_output
use hpcmw_eps_fvm_all
implicit REAL*8 (A-H,O-Z)

integer, dimension(:), allocatable :: rcounts, displs
integer, dimension(:), allocatable :: NODE_ID_G
integer, dimension(:), allocatable :: NEWtoOLDinteger, dimension(:), allocatable :: NEWtoOLD
real(kind=kreal), dimension(:), allocatable :: VAL

!C
!C-- INIT.

allocate (rcounts(PETOT), displs(0:PETOT))
rcounts= 0

MPI_GathervE+,
rcounts= 0
displs = 0

call MPI_Allgather &
&    (intNODE_tot, 1, MPI_INTEGER, rcounts, 1, MPI_INTEGER,        &

MPI COMM WORLD i )& MPI_COMM_WORLD, ierr)

do ip= 1, PETOT
displs(ip)= displs(ip-1) + rcounts(ip)

enddo
��0ÀEÇÈ]

NODE_tot_G= displs(PETOT)

allocate (NODE_ID_G(NODE_tot_G), NEWtoOLD(NODE_tot_G))
allocate (VAL(NODE tot G))

��0ÀEÇÈ]
�C=]E¾�

allocate (VAL(NODE_tot_G))
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hpcmw eps fvm global output�2/2�hpcmw_eps_fvm_global_output�2/2�
!C
!C-- GLOBAL ARRAY

call MPI_GATHERv &
&    (NODE_GLOBAL, intNODE_tot,   MPI_INTEGER,            &
&     NODE_ID_G  , rcounts, displs(0), MPI_INTEGER,              &
&     0, MPI_COMM_WORLD, ierr)

-,��iÇÈLM NODE ID G
call MPI_GATHERv &
&    (PHI, intNODE_tot,   MPI_DOUBLE_PRECISION,      &
&     VAL   , rcounts, displs(0), MPI_DOUBLE_PRECISION,         &
&     0, MPI_COMM_WORLD, ierr)

-, �iÇÈLM NODE_ID_G

if (my_rank.eq.0) then
do i= 1, NODE_tot_G
j= NODE_ID_G(i)
NEWtoOLD(j)= i
ddenddo

IUNIT= 12
open (IUNIT, file= AVSfile, status='unknown', position='append')
do j= 1, NODE tot Gj _ _

ii= NEWtoOLD(j)
write (IUNIT,'(i8,1pe16.6)') j, VAL(ii)

enddo
close (IUNIT)

endifendif

end subroutine hpcmw_eps_fvm_global_output
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hpcmw eps fvm global output�2/2�hpcmw_eps_fvm_global_output�2/2�
!C
!C-- GLOBAL ARRAY

call MPI_GATHERv &
&    (NODE_GLOBAL, intNODE_tot,        MPI_INTEGER,               &
&     NODE_ID_G  , rcounts, displs(0), MPI_INTEGER,              &
&     0, MPI_COMM_WORLD, ierr)

call MPI_GATHERv &
&    (PHI, intNODE_tot,       MPI_DOUBLE_PRECISION,          &
&     VAL   , rcounts, displs(0), MPI_DOUBLE_PRECISION,         &
&     0, MPI_COMM_WORLD, ierr)

ef×8ñnsi VALif (my_rank.eq.0) then
do i= 1, NODE_tot_G
j= NODE_ID_G(i)
NEWtoOLD(j)= i
dd

ef×8ñnsi VAL

enddo

IUNIT= 12
open (IUNIT, file= AVSfile, status='unknown', position='append')
do j= 1, NODE tot Gj _ _

ii= NEWtoOLD(j)
write (IUNIT,'(i8,1pe16.6)') j, VAL(ii)

enddo
close (IUNIT)

endifendif

end subroutine hpcmw_eps_fvm_global_output
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®E�ÇEVALE�Ã
PELM��	®��ªqø�

-,��iÇÈLM��wéªZwZ
PE#      i    ÇÈLM VAL(i)

�-,��i�
NODE ID G(i)

PE#2 PE#3
_ _ ( )

0 1       1    1.150000E+01
0 2       2    9.500000E+00
0 3       5    1.150000E+01
0 4 6 9 500000E+009 10

13
3

14
4

11 12

15
3

16
4

0 4 6 9.500000E+00
1 5 3 6.500000E+00
1 6 4 2.500000E+00
1 7 7 6.500000E+00

9
1

10
2

11
1

12
2

1 8 8 2.500000E+00
2 9 9 1.150000E+01
2 10 10 9.500000E+00
2 11 13 1 150000E+011 2

5
3

6
4

3 4

7
3

8
4

2 11 13 1.150000E+01
2 12 14 9.500000E+00
3 13      11    6.500000E+00
3 14 12 2.500000E+00

1
1

2
2

3
1

4
2

PE#0 PE#1 3 14 12 2.500000E 00
3 15      15    6.500000E+00
3 16      16    2.500000E+00

PE#0 PE#1
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hpcmw eps fvm global output�2/2�hpcmw_eps_fvm_global_output�2/2�
!C
!C-- GLOBAL ARRAY

call MPI_GATHERv &
&    (NODE_GLOBAL, intNODE_tot,        MPI_INTEGER,               &
&     NODE_ID_G  , rcounts, displs(0), MPI_INTEGER,              &
&     0, MPI_COMM_WORLD, ierr)

call MPI_GATHERv &
&    (DELPHI, intNODE_tot,        MPI_DOUBLE_PRECISION,          &
&     VAL   , rcounts, displs(0), MPI_DOUBLE_PRECISION,         &
&     0, MPI_COMM_WORLD, ierr)

if (my_rank.eq.0) then
do i= 1, NODE_tot_G
j= NODE_ID_G(i)
NEWtoOLD(j)= i
dd

GlobalLM��
�§���my_rank=0EA�

enddo

IUNIT= 12
open (IUNIT, file= AVSfile, status='unknown', position='append')
do j= 1, NODE tot Gj _ _

ii= NEWtoOLD(j)
write (IUNIT,'(i8,1pe16.6)') j, VAL(ii)

enddo
close (IUNIT)

endifendif

end subroutine hpcmw_eps_fvm_global_output
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hpcmw eps fvm global output�2/2�hpcmw_eps_fvm_global_output�2/2�
!C
!C-- GLOBAL ARRAY

call MPI_GATHERv &
&    (NODE_GLOBAL, intNODE_tot,        MPI_INTEGER,               &
&     NODE_ID_G  , rcounts, displs(0), MPI_INTEGER,              &
&     0, MPI_COMM_WORLD, ierr)

call MPI_GATHERv &
&    (DELPHI, intNODE_tot,        MPI_DOUBLE_PRECISION,          &
&     VAL   , rcounts, displs(0), MPI_DOUBLE_PRECISION,         &
&     0, MPI_COMM_WORLD, ierr)

if (my_rank.eq.0) then
do i= 1, NODE_tot_G
j= NODE_ID_G(i)
NEWtoOLD(j)= i
ddenddo

IUNIT= 12
open (IUNIT, file= AVSfile, status='unknown')
do j= 1, NODE tot G

:I�<�my_rank=0EA�

j _ _
ii= NEWtoOLD(j)
write (IUNIT,'(i8,1pe16.6)') j, VAL(ii)

enddo
close (IUNIT)

endifendif

end subroutine hpcmw_eps_fvm_global_output
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����=5EVALE�Ã����=5EVALE�Ã

PE#      i    ÇÈLM VAL(i)
�-,��i�

0 1 1 1 150000E+01
PE#2 PE#3 0 1 1 1.150000E+01

0 2       2    9.500000E+00
1 3      3 6.500000E+00
1 4 4 2.500000E+00

13
3

14
4

15
3

16
4

0 5       5 1.150000E+01
0 6       6 9.500000E+00
1 7      7 6.500000E+00
1 8 8 2 500000E+00

9
1

10
2

11
1

12
2

1 8 8 2.500000E+00
2 9       9 1.150000E+01
2 10      10 9.500000E+00
3 11      11 6.500000E+00

5
3

6
4

7
3

8
4

3 12      12 2.500000E+00
2 13      13 1.150000E+01
2 14      14 9.500000E+00
3 15 15 6 500000E+00

1
1

2
2

3
1

4
2

3 15 15 6.500000E+00
3 16      16    2.500000E+00

PE#0 PE#1
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���/op����qK�I/O���/op ���qK�I/O

� ���@���

<$FVM>/run/
INPUT.DAT�¿:�

��ef-.k*ãi��ef-.k*ãi
#GRIDout#GRIDout#GRIDout#GRIDout#D-GRID

>?@A�m�oB�'
��ef
sol

#M-RESULT

#GRIDout#GRIDout#GRIDout#GRIDout#D-COMM

so
ef×8k*ãi
�UCDk*ãi59�

>?@AWXB�'
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��ef-.k*ãi��ef-.k*ãi

INPUT DAT�^/¿:�• INPUT.DAT�^/¿:�
• |4��LsolOY��Blpns	�wK��w�wZ�®E
�¸Ê ��¸Ê<$FVM>/run�(

• 0ªE12ÊÎÐ��(

../ex/mesh.rcb >?@A�m�ok*ãiE3m4^

../ex/comm.rcb >?@AWXk*ãiE3m4^

../ex/result ��RÄ��k*ãi^�56�

� Å7 I1 ��RÄ��EÅ7�=1EYI���
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ef|4�k*ãi¬y

$> cd <$FVM>/run
$> cat INPUT DAT$> cat INPUT.DAT

../ex/mesh.rcb

../ex/comm.rcb
/ /../ex/result

1

$> qsub go.sh
$> ls -l ../ex/result

result
®�¦:IJ��=
×8k*ãiresult

$> cd ../ex
$> cat fvm entire mesh inp geo result > test inp

×8k*ãi

$> cat fvm_entire_mesh.inp-geo result > test.inp

��Í@�×8k*ãiH
� �g<ª AVS��ÄE� �g<ª�AVS��ÄE
k*ãiH¬y~�(
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Leps fvmOE��RLeps_fvmOE��R
f ��RFG Í@HÈåY ��eprogram eps_fvm

use hpcmw_eps_fvm_all

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

��RFGEÍ@HÈåY���e
fæÅEFGÊ����õ�EC
N 4�ñns N�¾ ó�öcall hpcmw_eps_fvm_init

call hpcmw_eps_fvm_input_grid
call poi_gen
ll h f l

N�4�ñnsiN�¾(ó�ö�
hpcmw_eps_fvm_comm.FE�[
w�ç j %H�Ä~��call hpcmw_eps_fvm_solver

call hpcmw_eps_fvm_global_output

call hpcmw_eps_fvm_finalize

w�çi�j�%H�Ä~����
4EÉ�9Ê?9<¡[(

end program eps_fvm

��efELMNO

��@AB�'CDE¥ wVe
¦0ª �R��=WXÛ çi¦0ªâ��R��=WXÛ�çi
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��R<=Leps-fvmO��R<= eps fvmO

��@AB '��• ��@AB�'��
• ���õ����õ�

• ��R
ËÆ• ËÆ
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ËÆ1ËÆ1
• Strong Scalingg g

– ÌÆ�ãJH¿:�PE]HÁR�ìªð��0À�üÍ@�HÃ:(
• Weak ScalingWeak Scaling

– PE÷=øEÌÆ�ãJH¿:�1ÍÎ÷=øEefð�HÏ��(
þÐ~§I12• þÐ~§I12
– ÌÆ�ãJ
��@���RCB METIS 1D 3D�EÑÒ– ��@���RCB�METIS�1D�3D�EÑÒ(

• ��
– WXð�HeÃ~�ÓÔH<ªm�(
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ÍÎ�]H¿:<=Z�¸ÍÎ�]H¿:<=Z�¸
• hpcmw_eps_fvm_solver

!C
!C***
!C*** hpcmw_solver
!C***!C
!C

subroutine hpcmw_eps_fvm_solver

use hpcmw eps fvm alluse hpcmw_eps_fvm_all
implicit REAL*8 (A-H,O-Z)

ISET= 0
EPS = 1 d-8EPS = 1.d-8
ITR = intNODE_tot
call hpcmw_eps_fvm_allreduce_R (ITR, hpcmw_max)
ITR = PETOT * ITR

®EÍ@H���LITR=50OE�[�~�(

S_TIME= MPI_WTIME()
call hpcmw_eps_fvm_solver_CG              &

&    ( intNODE_tot, NODE_tot, N2, D, BFORCE, DELPHI, EPS, &
& ITR IER WAi d WA f COMMti )& ITR, IER, WAindex, WAcoef, COMMtime)
E_TIME= MPI_WTIME()
ISET= ISET + 1
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�D�3D@��D 3D@�
�E5�¦�Z�þ�ªm�

1DI 2DI 3DI
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�D�3D@��D 3D@�
WXÕE·¾�üg4N�8��Y~��

1DI 2DI 3DI
16 N2 x 7 = 112 N2 16 N2 x 4 = 64 N2 16 N2 x 3 = 48 N2
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�D�3D@��D 3D@�
80x80x80ÇÈ�8��Eef�

1DI 2DI 3DI
16 N2 x 7 = 112 N2 16 N2 x 4 = 64 N2 16 N2 x 3 = 48 N2

���m����z�m���zmmmmwqwovnwwrspp ���m����z�m���zmmmmoqlvktnxrspp ���m����z�m���zmmmmoqtupkoxrspp
���m����qmm���zmmmmuqkwwtwnrspp
���m����m�����mmmmmoqpoopvxrspn

���m����qmm���zmmmmnqtwlnlorspp
���m����m�����mmmmmwqpklnlvrspn

���m����qmm���zmmmmnqpuntlprspp
���m����m�����mmmmmwqukkwtwrspn
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�D�3D@��D 3D@�
fvmpart.ctrl

1DI 2DI 3DI
!METHOD ! O !!METHOD
RCB
X,X,X

!METHOD
RCB
X,Y,X

!METHOD
RCB
X,Y,Z

!REGION NUMBER
8

!REGION NUMBER
8

!REGION NUMBER
8
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aç)n	�sâgo.shaç)n	�sâgo.sh
#@$-r test$
#@$-q tutorial
#@$-N 1
#@$-J T8
#@$-e err
#@$-o aaa lst#@$-o aaa.lst
#@$-lM 28GB
#@$-lT 00:05:00
#@$-s /bin/sh
#@$

cd $PBS_O_WORKDIR
mpirun numactl --localalloc /solmpirun numactl --localalloc ./sol
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ef�âStrong ScalingâT2K� ef�âStrong ScalingâT2K� 

1003ÇÈ• 1003ÇÈ

– ÌÆcd¿:
• 4+�E�¸H$+
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ef��Ö�U×êÌÆ��T2K�ef��Ö�U×êÌÆ��T2K�

• 8,957,952§_¾�3Ø1443��Strong Scaling
• 32�1024+��32+� Flat MPIE�¸H$+�32 1024+��32+� Flat MPIE�¸H$+�
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Flat MPI vs. Hybrid
T2K-FVM-03

Flat-MPIâEach PE -> Independent

ry ry ry

core corecore
m

em
or

m
em

or

m
em

orcore

core

core

core

core

corem m m

core core core

HybridâHierarchal Structure (OpenMP+MPI)

core
core

m
or

y core
core

m
or

y core
core

m
or

y core
core

m
or

y core
core

m
or

y core
core

m
or

y

core
corem

em core
corem

em core
corem

em core
corem

em core
corem

em core
corem

em
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Flat MPI, Hybrid (4x4, 8x2, 16x1)
T2K-FVM-03

0 1 2 3
Higher Performance of HB16x1 is important

Flat MPI

Hybrid
4x4

0 1 2 3
4x4

H b id 0 1 2 3Hybrid
8x2

0 1 2 3

Hybrid 0 1 2 3y
16x1

126

D i D iti

T2K-FVM-03

Domain Decomposition
example: 6 nodes, 24 sockets, 96 cores

HB 4x4Flat MPI HB 16x1

T2K-FVM-03

GY��EÙ�

• MPIWXóEöE�Ç~�ð�
– B�'H_�<ªZ�ð�
– Z�g��qZªÊWX��gÚ��éªÛ¡�
– WXð�Ê_^X�mk*E�ãJ�ù�

• MPIE���¦øð�
– latency
– _^X�mk*E�ãJ���wZ

• ���<�]ÜÝ��,&)]¦Þß~�YÞß~�àb
Wº ] ]á E( 4– Wº�]�]ásecE(�4�

• MPIE�QE=�Eð�
� ]¦Þß~�YÞß~�àb– �,&)]¦Þß~�YÞß~�àb

• efð�¦â�Z�¸�ÌÆcd¦â�Z�¸�Ê®��E
ã8H7� Iw
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ã8H7�9IwZ(
– æ��_X�m&�a]¦â�Z�¸Ê�LLatencyO¦ãå(
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�¹��¹�

• Weak ScalingWeak Scaling
– �,&m�÷=øEÌÆcdH¿:
– �,&m�]HÞß�ì��,&m�]HÞß�ì�

– Lefê�OY<ªÊ�ÁEÊÙ9÷�¦�äWÊ�,&m�]HÞ
í~Yê�ÊåR

• Nakajima, K. (2007), The Impact of Parallel j , ( ), p
Programming Models on the Linear Algebra 
Performance for Finite Element Simulations, Lecture ,
Notes in Computer Science 4395, 334-348. 
– ��ÅÆÇÈ��æ� latencyEÑÒ �
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Weak Scaling: LARGE
æ Flat-MPI DJDS
ç Hybrid DJDS
æ Flat-MPI DJDS
ç Hybrid DJDSWeak Scaling: LARGE

Earth SimulatorEarth Simulator IBM SPIBM SP--3 (Seaborg at LBNL)3 (Seaborg at LBNL)

Flat-MPI(ideal)
Hybrid (ideal)
Flat-MPI(ideal)
Hybrid (ideal)

Earth SimulatorEarth Simulator IBM SPIBM SP--3 (Seaborg at LBNL)3 (Seaborg at LBNL)
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Weak Scaling: SMALL
æ Flat-MPI DJDS
ç Hybrid DJDS
æ Flat-MPI DJDS
ç Hybrid DJDSWeak Scaling: SMALL

Earth SimulatorEarth Simulator IBM SPIBM SP--3 (Seaborg at LBNL)3 (Seaborg at LBNL)

Flat-MPI(ideal)
Hybrid (ideal)
Flat-MPI(ideal)
Hybrid (ideal)

Earth SimulatorEarth Simulator IBM SPIBM SP--3 (Seaborg at LBNL)3 (Seaborg at LBNL)
98,304 DOF/PE
(=3x323)

98,304 DOF/PE
(=3x323)

1504000

Hybrid is much faster
if PE# is large !!
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d ib 1 NEIBPETOTdo 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 )iE_e export_index(neib )
BUFlength_i= 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             &
&         (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)

131

po t_ te ( )
VAL(kk)= RECVbuf(k)

enddo
enddo
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• <�numactlEÑÒ�qZªèéì�

J– ÌÆ�ãJEÑÒ
• 0ÀEÌÆ�ãJ�1+�÷=øEÌÆ�ãJ

4Z g¡9�Ä<ªm�– 4Z�g¡9�Ä<ªm�
– L--physcpubindOEÑÒ�qZªöèéì�â+�H¶:9I�
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Quad Core Opteron: NUMA 
Architecture

AMD Q d C O t• AMD Quad Core Opteron
2.3GHz
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Core Core Core Core Core Core Core CoreCore Core Core CoreCore Core Core CoreCore Core Core CoreCore Core Core Core Core Core Core CoreCore Core Core CoreCore Core Core CoreCore Core Core Core

– NUMAâNon-Uniform
Memory Access
9I�JK ò E� 	H

Core Core Core Core
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NUMA ArchitectureNUMA Architecture
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numactlnumactl

NUMA(N U if M A )bKE�ì	��• NUMA(Non Uniform Memory Access)bKE�ì	��
E=�E+h�g.ã�âLinux9���s

h // ll / ll l/462143 /462143 df– http://www.novell.com/collateral/4621437/4621437.pdf

>$ numactl –-show

policy: default
preferred node: current
physcpubind: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
cpubind: 0 1 2 3
nodebind: 0 1 2 3
membind: 0 1 2 3
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numactl --show
>$ numactl –-show

policy: defaultp y
preferred node: current
physcpubind: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 �3
cpubind: 0 1 2 3 .�V0p
nodebind: 0 1 2 3 .�V0
membind: 0 1 2 3 ��A

Socket #2 Socket #3Socket #2 Socket #3

L1 L1 L1 L1
L2 L2 L2 L2

L3

#2

L1 L1 L1 L1
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L3

#3

Network

Socket #2 Socket #3

L1 L1 L1 L1
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L1 L1 L1 L1
L2 L2 L2 L2
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#3

Network

Socket #2 Socket #3
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L1 Network
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L1

13

L1

14

L1

15

L1 Network
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4 5 6 7
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L1 L1 L1 L1
L2 L2 L2 L2

4 5 6 7

L1 L1 L1 L1
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#0

L3

#1

Network

Socket #0 Socket #1

L3

#0
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#1

Network

Socket #0 Socket #1
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numactlEÑÒ
• T2K�ÅÆÇÈ���	
����Strong Scaling
• 128+�â1+�÷=øEÌÆ�ãJÊ512+�E4î� �÷=øEÌÆ�ã Ê �E î

– �ì	ýE�ï 
• POLICY=0â�ö¶:<wZ�¸• POLICY=0â�ö¶:<wZ�¸
• ½£ê�â IZ>��Z

#@$-r HID-org
1.50

an
ce

128cores
512cores

$ g
#@$-q h08nkl32
#@$-N 24
#@$-J T16
#@$1.00

ve
 P

er
fo

rm
a #@$-e err

#@$-o x384-40-1-a.lst
#@$-lM 27GB
#@$-lE 03:00:00

0.50

R
el

at
iv #@$

#@$-s /bin/sh
#@$

d /XXX0.00
0 1 2 3 4 5

numactl policy

cd /XXX
mpirun ./numarun.sh ./sol
exit
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numarun.shE|�
• T2K�

• <$FVM>/run/go2.sh$ / /g
• <$FVM>/run/numarun.sh
• <$FVM>/run/n1 sh n2 sh• <$FVM>/run/n1.sh, n2.sh
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numarun.shE�Ã
1.50

an
ce

128cores
512cores

Policy:1
#!/bin/bash
MYRANK=$MXMPI_ID MPIE�,&)LM
MYVAL=$(expr $MYRANK / 4)
SOCKET=$(expr $MYVAL % 4)

1.00

ve
 P

er
fo

rm
a SOCKET=$(expr $MYVAL % 4)

numactl --cpunodebind=$SOCKET --interleave=all $@    

Policy:2
#!/bin/bash
MYRANK=$MXMPI ID

0.50

R
el

at
iv

$ _
MYVAL=$(expr $MYRANK / 4)
SOCKET=$(expr $MYVAL % 4)
numactl --cpunodebind=$SOCKET --interleave=$SOCKET $@

Policy:3
0.00

0 1 2 3 4 5

numactl policy

#!/bin/bash
MYRANK=$MXMPI_ID
MYVAL=$(expr $MYRANK / 4)
SOCKET=$(expr $MYVAL % 4)
numactl --cpunodebind=$SOCKET --membind=$SOCKET $@

Socket #2 Socket #3Socket #2 Socket #3

Policy:4
#!/bin/bash
MYRANK=$MXMPI_ID
MYVAL=$(expr $MYRANK / 4)
SOCKET=$(expr $MYVAL % 4)8

L1

9

L1

10

L1

11

L1
L2 L2 L2 L2
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#2

12

L1

13

L1

14

L1

15

L1
L2 L2 L2 L2

L3
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L3

#2

12
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13
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14

L1

15

L1
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L3

#3

Network

SOCKET $(expr $MYVAL % 4)
numactl --cpunodebind=$SOCKET --localalloc $@

Policy:5
#!/bin/bash
MYRANK=$MXMPI ID

0 1 2 3

L1 L1 L1 L1
L2 L2 L2 L2

4 5 6 7

L1 L1 L1 L1
L2 L2 L2 L2

0 1 2 3

L1 L1 L1 L1
L2 L2 L2 L2

4 5 6 7

L1 L1 L1 L1
L2 L2 L2 L2

_
MYVAL=$(expr $MYRANK / 4)
SOCKET=$(expr $MYVAL % 4)
numactl --localalloc $@

L2 L2 L2 L2
L3

#0

L2 L2 L2 L2
L3

#1

Network

Socket #0 Socket #1

L2 L2 L2 L2
L3

#0

L2 L2 L2 L2
L3
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Network

Socket #0 Socket #1
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numactlEÑÒ
• 128+�â1+�÷=øEÌÆ�ãJÊ512+�E4î

�ì	 E�ï – �ì	ýE�ï 
• �ì	ýE�ï¦ IZ�¸�æ�numactl¶:EÑÒÊ 

1 50
#@$-r HID-org
#@$-q h08nkl32

1.00

1.50

m
an

ce

128cores
512cores

#@$ q h08nkl32
#@$-N 24
#@$-J T16
#@$-e err

0 50

1.00

tiv
e 

Pe
rfo

rm #@$-o x384-40-1-a.lst
#@$-lM 27GB
#@$-lE 03:00:00
#@$-s /bin/sh

0.00

0.50

R
el

at #@$-s /bin/sh
#@$

cd /XXX0.00
0 1 2 3 4 5

numactl policy

mpirun ./numarun.sh ./sol
exit
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Zåq�E°�s�1/3�
Policy:3
#!/bin/bash
MYRANK=$MXMPI_ID
MYVAL=$(expr $MYRANK / 4)

#2 #3
Socket #2 Socket #3

#2 #3
Socket #2 Socket #3

SOCKET=$(expr $MYVAL % 4)
numactl --cpunodebind=$SOCKET --membind=$SOCKET $@

MPI process Socket Memory Core
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0 1 2 3 4 5 6 70 1 2 3 4 5 6 7
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8 2 2

9 2 2

Policy-39E��Ê®E�[�wéªZ�

Socket #0 Socket #1Socket #0 Socket #1

10 2 2

11 2 2

12 3 3

13 3 3

14 3 3

15 3 3
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Zåq�E°�s�2/3�
#!/bin/bash
MYRANK=$MXMPI_ID
SOCKET=$(expr $MYRANK % 4)
numactl --cpunodebind=$SOCKET --membind=$SOCKET $@

#2 #3
Socket #2 Socket #3

#2 #3
Socket #2 Socket #3

MPI process Socket Memory Core
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0 1 2 3 4 5 6 70 1 2 3 4 5 6 7
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#0

L1 L1 L1 L1
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L3

#1

Network

L1 L1 L1 L1
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L3

#0

L1 L1 L1 L1
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L3

#1

Network

6
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8 0 0

9 1 1

®?wð�ö9I�

Socket #0 Socket #1Socket #0 Socket #1

10 2 2

11 3 3

12 0 0

13 1 1

14 2 2

15 3 3
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Zåq�E°�s�3/3�
#!/bin/bash
MYRANK=$MXMPI_ID
MYVAL=$(expr $MYRANK / 4)
SOCKET=$(expr $MYVAL % 4)

#2 #3
Socket #2 Socket #3

#2 #3
Socket #2 Socket #3

CORE=$(expr $MYRANK % 16)
numactl --physcpubind=$CORE --membind=$SOCKET $@

MPI process Socket Memory Core

0 0 0
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3 0 3
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6 6

7 1 7

8 2 8

9 2 9

®?wð�ö9I�

Socket #0 Socket #1Socket #0 Socket #1

10 2 10

11 2 11

12 3 12

13 3 13

14 3 14

15 3 15
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8+��[�¸Ê�[~� ?
MPI process Socket Memory Core

0 0 0L3

#2

L3

#3
Socket #2 Socket #3

L3

#2

L3

#3
Socket #2 Socket #3

1 0 2

2 1 4

3 1 6
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9
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10
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14
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15
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Network

8

L1

9

L1

10
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12
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13
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14
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15
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Network

4 2 8

5 2 10

6 3 12

0 1 2 3

L1 L1 L1 L1
L2 L2 L2 L2

L3

4 5 6 7

L1 L1 L1 L1
L2 L2 L2 L2

L3 Network

0 1 2 3

L1 L1 L1 L1
L2 L2 L2 L2

L3

4 5 6 7

L1 L1 L1 L1
L2 L2 L2 L2

L3 Network

MPI process Socket Memory Core MPI process Socket Memory Core

7 3 14
#0 #1

Socket #0 Socket #1

#0 #1

Socket #0 Socket #1

MPI process Socket Memory Core

0 0 0

1 0 1

2 0 2

MPI process Socket Memory Core

0 0 0

1 0 1

2 1 42 0 2

3 0 3

4 1 4

5 1 5

2 1 4

3 1 5

4 2 8

5 2 9

6 1 6

7 1 7

6 3 12

7 3 13
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ef�âStrong ScalingâT2K� ef�âStrong ScalingâT2K� 

1003ÇÈ• 1003ÇÈ

• 4+�E�¸H$+
• Policy-3¥Ä

Policy:3
#!/bin/bash# / /
MYRANK=$MXMPI_ID
MYVAL=$(expr $MYRANK / 4)
SOCKET=$(expr $MYVAL % 4)
numactl --cpunodebind=$SOCKET --membind=$SOCKET $@
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G#ø�G#ø�
• L��RO

@AB 'CDEáÇê– @AB�'CDEáÇê
– UE��	
����£~�ñZGò¦nÇ
��	
 ���� ª��REÏÐöów�– ��	
�����éª��REÏÐöów�

5�24�¡9�Ä9I¡~• 5�24�¡9�Ä9I¡~(
• ôÌ�½õSÊöð�5�24�'÷öOK�=J¤øp)��
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• ��
�s�úû�åJ�Zû

• ��@�ü�iS• ��@�ü�iS
– /home/t00000/pre.tar

T2K-FVM-03 147

�5E°±v«b�5E°±v«b
• hij+�

GPU• GPU

• ©ãç	mg���,-./�-ìBi
– �âOpenMP+MPI�âOpenMP MPI
– MPIEÍ@Êw012EöEY$wv�Á#�wZ



T2K-FVM-03 148

�5E012�ýÂ:
�� �� ����	
 ��

MPI� 1�� 2010�7�22�23�
2010�9� 2 3�

MPI��������������� !�"#$%#
� ��&��'(
� MPI�API)*MPI� 1��

+2� 2010�9� 2� 3�
2011�3�17�18�

MPI�API)*
� ,�-���&%#
� make./01234�5678��9:
� T2K�;<
���%#
MPI./=>1��?�@ABCD�EFGH� !�"#$

MPII= 1�� 2010�5�13�14�
2010�12��J	


MPI./=>1��?�@A CD�EFGH� !�"#$
%#
� KLM-H���N?O�PQRO7SB�TU
� ��VBWXY�Z[P
� \]23GH\]23GH
� ��&GH
� T2K�;<
���%#

OpenMP���^7_4?��`abcd���������$
ef&GH� !� %?�@A C ��gh"# %#

OpenMP
��iI=


1��
+2� 2010�9��J	


ef&GH� !�$%?�@ABCD��gh"#$%#
� KLM-H���N?O�PQRO7SB$ICCGH�TU
� OpenMP��
� @jBk@�������&$ef&

T2K�;<
���%#� T2K�;<
���%#

�6l�@m= 2� 2010�9�27�28�

n,��6l�@BLAS, LAPACK, ScaLAPACKop�qor,
��6l�@PETsc,  Lis�m=H� !�"#$%#
� stuH�v:8wx�)*

�6l�@m= 2� 2011�2� 2� 3� � s:yzV@��${|&$VBW}~
� l�a�&oVBW2|�Z[P
� T2K�;<
���%#


