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úB¡À®:®�)]�:�T2K
LustreDE«G��^Ö ××
$> cd /lustre/t009xx �Ö<6UID�$ cd / ust e/t009 �Ö<6U �

FORTRAN
$> cp /home/t00000/fvm-f.tar .p
$> tar xvf fvm-f.tar

C
$> cp /home/t00000/fvm-c.tar .
$> tar xvf fvm-c.tar

J�Ø�g Î I> � ù ¸eQJ�Ø�gÖ� fvm-fYfvm-c Î«I>�I�]	ù�¸eQË
��rDÌÍ

<$FVM><$FVM>

Î]±eQË
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.bash_profile_p
$> cd

**********************************************************************************
$> cp /home/t00000/.bash_profile .

eGf ~/ bash profile�ÙÖ624DÚ�eGf ~/.bash_profile�ÙÖ624DÚ�

PATH="$PATH":/home/h08000/bin
export PATHexport PATH

******************************************
$> source .bash profile$ _p
$> printenv

PATH�ÙÖù��ó«��ÎD./

home/h08000/bin

uO�rf,-®�Ç�Ö×8�Û×
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´µ�HRS�r9�ó¬�I´µ�HRS�r9�ó¬�I
$> cd <$FVM>/run
$> cat fvmmg.ctrlg

2  2  3
$> eps_fvm_mg

$> ls fvm entire*$> ls fvm_entire*
fvm_entire_mesh.dat
fvm_entire_mesh.inp
fvm entire mesh.inp geo

• ��
– fvmmg ctrl�C��ÜvN6B�� �NX NY NZ� #MGCTRL

_ _ p_g

fvmmg.ctrl�C��ÜvN6B�� �NX,NY,NZ� #MGCTRL
• �6}~2�2�3=12Ý6B�ùRS©��

• Þ�Þ�
– fvm_entire_mesh.dat: TUµO´µ�H>�' #S-GRID
– fvm_entire_mesh.inp: AVSqß9¡À®: #S-GRID-UCD

• ´µ�H�éDmicroAVS�qßQ�G÷6¡À®:
– fvm_entire_mesh.inp-geo:AVSqß9�é¡À®: #S-GRID-GEO
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´µ�HRS��9Î�:E9´µ�HRS��9Î :E9
#MGCTRL

<$FVM>/run/ C��ÜvN6B��
�àáa°�fvmmg.ctrl �àáa°�

´µ�H��¶I�'
eps fvm mgeps_fvm_mg

#S-GRID
<$FVM>/ /

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

#S-GRID-GEO

TUµO´µ�H>�'

<$FVM>/run/
fvm_entire_mesh.dat

TUµO´µ�H>�'

<$FVM>/run/
fvm_entire_mesh.inp

TUµO´µ�H>�'

<$FVM>/run/
fvm_entire_mesh.inp-geo

�àáa°� UCD¡À®:�AVS9�
�àáa°�

UCD¡À®:�é�
�AVS9��àáa°�
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TUµO´µ�H>�'�ê��1/6�
http://nkl cc u tokyo ac jp/tutorial/part tutorial

CB�"#

http://nkl.cc.u-tokyo.ac.jp/tutorial/part_tutorial
12
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    5.000000E-01    1.500000E+00    5.000000E-01
4    1.000000E+00    1.000000E+00    1.500000E+00    1.500000E+00    5.000000E-01
5    1.000000E+00    1.000000E+00    5.000000E-01    5.000000E-01    1.500000E+00

CB�"#6    1.000000E+00    1.000000E+00    1.500000E+00    5.000000E-01    1.500000E+00
7    1.000000E+00    1.000000E+00    5.000000E-01    1.500000E+00    1.500000E+00
8    1.000000E+00    1.000000E+00    1.500000E+00    1.500000E+00    1.500000E+00
9    1.000000E+00    1.000000E+00    5.000000E-01    5.000000E-01    2.500000E+00
10    1.000000E+00    1.000000E+00    1.500000E+00    5.000000E-01    2.500000E+00
11    1.000000E+00    1.000000E+00    5.000000E-01    1.500000E+00    2.500000E+00
12    1.000000E+00    1.000000E+00    1.500000E+00    1.500000E+00    2.500000E+00
20
1 2 1 000000E+00 5 000000E 01 5 000000E 01

B�Y+¶���ä��

1         2    1.000000E+00 5.000000E-01 5.000000E-01
1         3    1.000000E+00    5.000000E-01    5.000000E-01
1         5    1.000000E+00    5.000000E-01    5.000000E-01
2         4    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-01
5 6 1.000000E+00 5.000000E-01 5.000000E-01 B�Y+¶���ä��

o�nhQ�B�

5         6    1.000000E+00 5.000000E 01 5.000000E 01
5         7    1.000000E+00    5.000000E-01    5.000000E-01
5         9    1.000000E+00    5.000000E-01    5.000000E-01
6         8    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    1.000000E+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

>�	�I34_`
UPa°

9        11    1.000000E+00    5.000000E-01    5.000000E-01
10        12    1.000000E+00    5.000000E-01    5.000000E-01
11        12    1.000000E+00    5.000000E-01    5.000000E-01
6
2    1.000000E+00    5.000000E-01    0.000000E+00
4    1.000000E+00    5.000000E-01    0.000000E+00
6    1.000000E+00    5.000000E-01    0.000000E+00
8    1.000000E+00    5.000000E-01    0.000000E+00
10 1 000000E 00 5 000000E 01 0 000000E 00 UPa°

b®c�34_`
34jde

10 1.000000E+00    5.000000E-01 0.000000E+00
12    1.000000E+00    5.000000E-01    0.000000E+00
6
1    1.000000E+00    1.000000E+00
3    1.000000E+00    1.000000E+00
5    1.000000E+00    1.000000E+00
7    1.000000E+00    1.000000E+00
9    1.000000E+00    1.000000E+00
11 1 000000E+00 1 000000E+00

Od�j

11 1.000000E+00    1.000000E+00
4
5    1.000000E+00
6    1.000000E+00
7    1.000000E+00
8    1.000000E+00

T2K-FVM-01 41

\�q\�q

NODE tot I - âB��

\�à � z�É®� Æë

NODE_tot I âB��

NODE_VOL(:) R NODE_tot B�Od

NODE_COND(:) R NODE_tot B�jklm

NODE_XYZ(:) R 3*NODE_tot B�A����3uR�

CONN_tot I - +¶���ä��â�

CONN_node(:) I 2*CONN_tot +¶���ä��?SB�

CONN_COEF(:) R CONN_tot +¶���ä����

FIX_NODE_tot I - >�	�I34_`�9B��

FIX_NODE_ID(:) I FIX_NODE_tot >�	�I34_`�9B�¹Ü

FIX_NODE_COEF(:) R FIX_NODE_tot >�	�I34_`��

FIX_NODE_VAL(:) R FIX_NODE_tot >�	�I34_`�

SURF_NODE_tot I - b®c�34_`�9B��

SURF_NODE_ID(:) I SURF_NODE_tot b®c�34_`�9B�¹Ü

SURF_NODE_FLUX(:) R SURF_NODE_tot b®c�34_`¡.µ�)

BODY_NODE_tot I - Od�j34_`�9B��

BODY_NODE_ID(:) I BODY_NODE_tot Od�j34_`�9B�¹Ü

BODY NODE FLUX( ) R BODY NODE Od�j34_` �BODY_NODE_FLUX(:) R BODY_NODE_tot Od�j34_`¡.µ�)
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TUµO´µ�H>�'�ê��2/6�
CB�

12 B��:NODE_tot
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    5.000000E-01   1.500000E+00    5.000000E-01
4      1.000000E+00  1.000000E+00    1.500000E+00   1.500000E+00    5.000000E-01
5      1.000000E+00   1.000000E+00    5.000000E-01    5.000000E-01    1.500000E+00
6      1.000000E+00  1.000000E+00    1.500000E+00   5.000000E-01    1.500000E+00
7      1.000000E+00  1.000000E+00    5.000000E-01   1.500000E+00    1.500000E+00
8      1.000000E+00  1.000000E+00    1.500000E+00   1.500000E+00    1.500000E+00
9      1.000000E+00  1.000000E+00    5.000000E-01   5.000000E-01    2.500000E+00

10 1 000000E+00 1 000000E+00 1 500000E+00 5 000000E-01 2 500000E+0010 1.000000E+00 1.000000E+00 1.500000E+00 5.000000E-01 2.500000E+00
11      1.000000E+00  1.000000E+00    5.000000E-01   1.500000E+00    2.500000E+00
12      1.000000E+00  1.000000E+00    1.500000E+00   1.500000E+00    2.500000E+00
B�¹Ü B�Od B�jklm B���X�� B���Y�� B���Z��

NODE_VOL(i)     NODE_COND(i)   NODE_XYZ(3*i-2) NODE_XYZ(3*i-1) NODE_XYZ(3*i)

11 12
9 10

read (IUNIT, '(10i10)') NODE_tot
do i= 1, NODE tot

3 4

7 8
5 6

9 10

z

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)

enddo

3 4
1 2

½

y
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TUµO´µ�H>�'�ê��3/6�
B�Y+¶���ä���Ð�o�h·Q�2B�

20 +¶���ä��â�� CONN_tot
1 2 1.000000E+00 5.000000E-01 5.000000E-01

S

d1 d21 2 1.000000E+00 5.000000E 01 5.000000E 01
1         3    1.000000E+00    5.000000E-01    5.000000E-01
1         5    1.000000E+00    5.000000E-01    5.000000E-01
2         4    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

d1 d2

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-01
5         6    1.000000E+00    5.000000E-01    5.000000E-01
5         7    1.000000E+00    5.000000E-01    5.000000E-01

E1 E2

5         9    1.000000E+00    5.000000E-01    5.000000E-01
6         8    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 1.000000E+00 5.000000E-01 5.000000E-01

i ik

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

10        12    1.000000E+00    5.000000E-01    5.000000E-01
11 12 1 000000E+00 5 000000E 01 5 000000E 01

ki k

11 12 1.000000E+00 5.000000E-01 5.000000E-01
E1        E2    S:B�34od d1�E1A�¹ d2�E2A�¹

34osZ 34osZ
E1= CONN_NODE(2*ic-1)
E2= CONN_NODE(2*ic)

��4�6®`iS<

read (IUNIT,'(10i10)') CONN_tot
do i= 1, CONN totdo i 1, CONN_tot

read (IUNIT,'( 2i10, 3e16.6)')        &
(CONN_NODE(2*i-2+k), k= 1, 2),   &
AREA, d1, d2

enddo
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TUµO´µ�H>�'�ê��3/6�
B�Y+¶���ä���5¹B��¡7

d1 d21   5    1.0E+00   5.0E-01      5.0E-01
5   6    1.0E+00   5.0E-01      5.0E-01
5   7    1.0E+00   5.0E-01      5.0E-01
5 9 1 0E+00 5 0E-01 5 0E-01

d1 d2

5 9 1.0E+00 5.0E-01 5.0E-01
E1  E2  S:B�34od d1�E1A�¹ d2�E2A�¹

34osZ 34osZ

E1 E2

i ik
CB�fLv6w©16tvO�
• B�34odf1�1<1
• CB�A��r34oe�6sZf0.50

ki k

11 12
9 10 9

��4�6®`iS<

3 4

7 8
5 6

9 10
7

5 6

3 4
1 2 1
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TUµO´µ�H>�'�ê��4/6�
>�	�I34_`�qoUPa°�

6 >�	�I34_`Dã>�B��� FIX_NODE_tot
2      1.000000E+00  5.000000E-01    0.000000E+00
4      1.000000E+00  5.000000E-01    0.000000E+00
6      1.000000E+00    5.000000E-01    0.000000E+00

11 12
9 10

8      1.000000E+00  5.000000E-01    0.000000E+00
10      1.000000E+00  5.000000E-01    0.000000E+00
12      1.000000E+00  5.000000E-01    0.000000E+00
B�¹Ü 34oodS     34oÎB�A�sZd 34�TB
FIX NODE ID(ib) FIX NODE VAL(ib) 3 4

7 8
5 6

FIX_NODE_ID(ib) FIX_NODE_VAL(ib) 3 4
1 2

S
read (IUNIT,'(10i10)') FIX_NODE_tot
do i= 1, FIX_NODE_tot

read (IUNIT, '(i10, 3e16.6)') &

d
T=TB

read (IUNIT, (i10, 3e16.6) ) &
FIX_NODE_ID(i), S, d,        &
FIX_NODE_VAL(i)

enddo
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1�6ìB�í�ä�6>�	�I
34_`Dã>��ÎÏºf��

7 >�	�I34_`Dã>�B��� FIX_NODE_tot
2      1.000000E+00 5.000000E-01    0.000000E+00
4      1.000000E+00 5.000000E-01    0.000000E+00
6 1 000000E+00 5 000000E-01 0 000000E+00

11 12
9 10

6 1.000000E+00 5.000000E 01 0.000000E+00
8      1.000000E+00 5.000000E-01    0.000000E+00
10      1.000000E+00 5.000000E-01    0.000000E+00
12      1.000000E+00 5.000000E-01    0.000000E+00 3 4

7 8
5 6

10      1.000000E+00    5.000000E-01    1.000000E+01
B�¹Ü 34oodS     34oÎB�A�sZd 34�TB
FIX_NODE_ID(ib)
FIX NODE VAL(ib)

3 4
1 2

FIX_NODE_VAL(ib)
TB=10

Ð�qo6UPDï°Q�¨��Ð�óYJ6

10 TB=0

B�6UPÖO�B����Dï°Q����
fö«ËìB��íÎ«I�Nfìo�íÎ«Iv
ù�Nx.

B
ù�Nx.Ë
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bcOd����XYZ=;bcOd����XYZ=;
jde��Q��NÐ«x

nhB�Î6jkl UPa°34

� � � � 0�		�	�
	

��� ii
d

idid
e

iiBe
ie

ie

k
ik

kiik

ik QVqSTTd
STTdd

S ��

nhB�Î6jkl UPa°34

	 de

i

k

ki ��� B�34o
Mpjde

Od�j

a
b

dai

Sia

Sib

dia dib

dbi �������jklm
Vi �B�Od

S �qood

i

S

dic

cdci

S qood

dij �B����rqoe�6sZ

q �qo¡.µ�)

Q Od�j
TiBe Sie

die

Sic cci

Sid

qid

Q �Od�j

TiB �34UP

iBe ie
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CB���9�¸�34_`6��
³cfG«

q2TBå

ii

TBa

q1
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TUµO´µ�H>�'�ê��5/6�
b®c�34_`�qoj¡.µ�)�W/m2�

6 b®c�34_`Dã>�B��� SURF_NODE_tot
1      1.000000E+00    1.000000E+00
3      1.000000E+00    1.000000E+00
5      1.000000E+00    1.000000E+00 7 8

11 12
9 10

7      1.000000E+00    1.000000E+00
9      1.000000E+00    1.000000E+00

11      1.000000E+00    1.000000E+00
B�¹Ü 34qodS      qo¡.µ�)QS
SURF NODE ID(ib)

3 4

7 8

1 2

5 6

SURF_NODE_ID(ib)

Sread (IUNIT,'(10i10)') SURF_NODE_tot
do i= 1, SURF_NODE_tot

read (IUNIT, '(i10, 3e16.6)')           &

QS
( , ( , ) )
SURF_NODE_ID(i), S, QS

enddo

1�6B��ä�6b®c�34_`D�9
Q��Îf���ä�6o��ö�GjdeD
ã>��ã>��Ë
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TUµO´µ�H>�'�ê��6/6�
Od�j�W/m3�

4 Od�jDã>�B��
5      1.000000E+00
6      1.000000E+00 
7      1.000000E+00 7 8

11 12
9 10

8      1.000000E+00
B�¹Ü Od¡.µ�)QV

3 4

7 8

1 2

5 6

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

QV

_ _
do i= 1, BODY_NODE_tot

read (IUNIT, '(i10, 3e16.6)') icel, QV
enddo

ÑÒB��`FóYä�OOd�jD�°F
G}~�fYL¹�Í��°FG�ù�9©G}~�fY ¹�Í��°FG�ù�9©
��Ë
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MicroAVS���qß
#S-GRID-UCD:

<$FVM>/run/fvm_entire_mesh.inp_ _

• AVSYmicroAVS6UCD¡À®:¡¿�cµ]
�Unstructured Cell Data�DE9�Unstructured Cell Data�DE9Ë
– http://www.kgt.co.jp/
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MicroAVS6E9MicroAVS6E9
• JKfÙÖJKfÙÖ

– http://nkl.cc.u-tokyo.ac.jp/08s/mavs/
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UCD¡¿�cµ]��«ó�1/4�UCD¡¿ cµ]��«ó�1/4�
MicroAVS��I�Î6�¸�B��é

B�6æç è é oB�6æç è�é�o

j êë

� ìíîï

Qi� ëðí

ñi� òóôõ

ñoO ëïë

iö ê÷ð

Qiø êðíùú

´oO ûïü

ýuB�

�þ ìíîïþ

Qi�þ ëðíþQi�þ ëðíþ

ñi�þ òóôõþ

ñoOþ ëïëþ

iöþ þiöþ ê÷ðþ

Qiøþ êðíùúþ

´oOþ ûïüþ
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UCD¡¿�cµ]��«ó�2/4�UCD¡¿ cµ]��«ó�2/4�
�x6çB

• ¡À®:6���
– >�'¡À®:6���f “ inp”> '¡À®:6���f .inp

• �x
�)è ¡À®:– �)è�¡À®:

– Ç���ä�)�µ���`�FGÏ6ù�¿¡¿�cµ]
MicroAVS Ver 6 0��¨fVer 10 0�e�E9Fó«G�– MicroAVS Ver.6.0��¨fVer.10.0�e�E9Fó«G�
¡¿�cµ]�¢L)�µ�>�'6G÷6�x�Ï�¬��
�Îf���Îf��

• ºfL���DE9Fó«�
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UCD¡¿�cµ]��«ó�4/3�UCD¡¿ cµ]��«ó�4/3�
�x6çB

(+´�]4) (B�6>�'S<�) (S<16?S�) (S<26?S�) ���(CS<6?S�)(+´�]4)
()�µ��)
(>�'6�N	F'®�)
()�µ�¹Ü1) (+´�])
(µ
j�) (µB��)
(
j¹Ü1) (X��) (Y��) (Z��)
(
j¹Ü2) (X��) (Y��) (Z��)

(B�6> 'S<�) (S<16?S�) (S<26?S�) (CS<6?S�)
(B�>�'S<16.�:)Y(¢Ð)
(B�>�'S<26.�:)Y(¢Ð)

�
�
�

�
�
�

(B�¹Ü1) (��¹Ü) (B�6æç) (B�D?SQ�
j6�öùN)
(B�¹Ü2) (��¹Ü) (B�6æç) (B�D?SQ�
j6�öùN)

(CB�>�'S<6.�:)Y(¢Ð)
(B�¹Ü1) (B�>�'1) (B�>�'2) �����
(B�¹Ü2) (B�>�'1) (B�>�'2) �����

�
�(B�¹Ü ) (��¹Ü) (B� æç) (B�D?SQ 
j N)

�
�
�

(C
j6>�'�) (CB�6>�'�)
(
j6>�'S<�) (S<16?S�) (S<26?S�) ���(CS<6?S�)

�

()�µ�¹Ü2) (+´�]) (µ
j�) (µB��)
�
�
�

(
j6> 'S<�) (S<16?S�) (S<26?S�) ���(CS<6?S�)
(
j>�'S<16.�:)Y(¢Ð)
(
j>�'S<26.�:)Y(¢Ð)

�
�
�

(C
j>�'S<6.�:)Y(¢Ð)
(
j¹Ü1) (
j>�'1) (
j>�'2) �����
(
j¹Ü2) (
j>�'1) (
j>�'2) �����

�
�
�
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UCD¡¿�cµ]��«ó�4/4�UCD¡¿ cµ]��«ó�4/4�
�¡¿�cµ]

> C(µ
j�) (µB��) (C
j6>�'�) (CB�6>�'�) (�>:6>�'
�)
(
j¹Ü1) (X��) (Y��) (Z��)
(
j¹Ü2) (X��) (Y��) (Z��)

�
�

(B�6>�'S<�) (S<16?S�) (S<26?S�) ���(CS<6?S�)
(B�>�'S<16.�:)Y(¢Ð)
(B�>�'S<26.�:)Y(¢Ð)

�
�
�

�

(B�¹Ü1) (��¹Ü) (B�6æç) (B�D?SQ�
j6�öùN)
(B�¹Ü2) (��¹Ü) (B�6æç) (B�D?SQ�
j6�öùN)

�

(CB�>�'S<6.�:)Y(¢Ð)
(B�¹Ü1) (B�>�'1) (B�>�'2) �����
(B�¹Ü2) (B�>�'1) (B�>�'2) �����

�
�
�

(
j6>�'S<�) (S<16?S�) (S<26?S�) ���(CS<6?S�)
(
j>�'S<16.�:)Y(¢Ð)
(
j>�'S<26.�:)Y(¢Ð)

�
�

�
�
�

(C
j>�'S<6.�:)Y(¢Ð)
(
j¹Ü1) (
j>�'1) (
j>�'2) �����
(
j¹Ü2) (
j>�'1) (
j>�'2) �����(
j¹Ü2) (
j>�'1) (
j>�'2) �����

�
�
�
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UCD>�'6ê> ' ê
#
1
data
step1

�¡¿�cµ]
36  12  0  1  0
1  0.0  0.0  0.0
2  1.0  0.0  0.0
3 2.0 0.0 0.0

�¡¿�cµ]

36  12
1  0.0  0.0  0.0
2  1.0  0.0  0.0
3  2.0  0.0  0.0
4  0.0  1.0  0.0
5 1 0 1 0 0 0

3 2.0 0.0 0.0
4  0.0  1.0  0.0
5  1.0  1.0  0.0
6  2.0  1.0  0.0

…
31  0.0  1.0  3.0
32 1 0 1 0 3 05 1.0 1.0 0.0

6  2.0  1.0  0.0
…
31  0.0  1.0  3.0
32  1.0  1.0  3.0
33  2.0  1.0  3.0

32 1.0 1.0 3.0
33  2.0  1.0  3.0
34  0.0  2.0  3.0
35  1.0  2.0  3.0
36  2.0  2.0  3.0
1 1 hex   1   2   5   4  10  11  14  13

34  0.0  2.0  3.0
35  1.0  2.0  3.0
36  2.0  2.0  3.0
1 1 hex   1   2   5   4  10  11  14  13
2 1 hex   2   3   6   5  11  12  15  14
3 1 hex 4 5 8 7 13 14 17 16

e
2 1 hex   2   3   6   5  11  12  15  14
3 1 hex   4   5   8   7  13  14  17  16

…
10 1 hex  20  21  24  23  29  30  33  32
11 1 hex  22  23  26  25  31  32  35  34
12 1 h 23 24 27 26 32 33 36 353 1 hex 4 5 8 7 13 14 17 16

…
10 1 hex  20  21  24  23  29  30  33  32
11 1 hex  22  23  26  25  31  32  35  34
12 1 hex  23  24  27  26  32  33  36  35
0 1

12 1 hex 23 24 27 26 32 33 36 35
1 1
Mesh,
1  1.00
2  1.00
3  1.00

1 1
Mesh,
1  1.00
2  1.00
3  1.00
4 1 00

4  1.00
…
10  1.00
11  1.00
12  1.00

4 1.00
…
10  1.00
11  1.00
12  1.00
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• åæ����,-./�-6!±v• åæ����,-./�-6!±v
• bcOd�6çB
• èCPU9�,-.² eps_fvm

RS é> '–´µ�HRSY�é>�'
–Z[º4êZ[º4ê

–�,-.²6Æë
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ìeps fvmíZ[6º4eps_fvmíZ[6º4
$> cd <$FVM>/serial
$> make
…
$> cd ../run
$> ls eps_fvm                    ,�o��H�:6RS./

feps_fvm

$> ./eps_fvm

• º4�x eps_fvmf<$FVM>/run �RS©��Ë

• ��• ��
– <$FVM>/run/fvmmg.ctrl #MGCTRL
– <$FVM>/run/fvm entire mesh.dat #S-GRID_ _

– ¡À®:D<$FVM>/run�¯÷RSFó£§úBùÐ�Ë

• Þ�
– <$FVM>/run/fvm_entire_mesh_results.inp�àáa°�

• MicroAVS9-Þ� #S-GRID-R-UCD
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�/HI���+�o�eps fvm�/HI ��+ o�eps_fvm
#MGCTRL

<$FVM>/run/ #S-GRID
$FVM / /fvmmg.ctrl

C��ÜvN6B��
�àáa°�

TUµO´µ�H>�'

<$FVM>/run/
fvm_entire_mesh.dat

�àáa°� �àáa°�

eps_fvm

#S-GRID-R-UCD -¡À®:AVSqß9
<$FVM>/run/

fvm_entire_mesh
_results.inp

-¡À®:AVSqß9
�àáa°�
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Z[-Z[-

• ìfvm_entire_mesh_results.inpíDMicroAVS���ó^
_Q��Îù�¸�Ë
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• åæ����,-./�-6!±v• åæ����,-./�-6!±v
• bcOd�6çB
• èCPU9�,-.² eps_fvm

RS é> '–´µ�HRSY�é>�'
–Z[º4êZ[º4ê

–�,-.²6Æë
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�,-.²6çB

$> cd <$FVM>/serial
$> t f f ´®��,-.²$> cat eps_fvm.f ´®��,-.²

program eps_fvm

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

call eps fvm input gridcall eps_fvm_input_grid
call poi_gen
call eps_fvm_solve

call output_ucd

end program eps_fvm
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ìeps fvmí^_�´®��1/2�p _ í^ � �
eps_fvm_all

f
\�6Æë��«ó �FG�
�H�:Å,µ��+��Å,µ�6
�IöÏ6�Ë

program eps_fvm
use eps_fvm_all

implicit REAL*8 (A-H,O-Z) IöÏ �Ë

K�fÄH�]	�:��
call eps_fvm_input_grid
call poi_gen
call eps_fvm_solver
ll t t dcall output_ucd

end program eps_fvm

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

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

module eps_fvm_all
use eps_fvm_util

fuse eps_fvm_pcg
use appl_cntl

end module eps_fvm_all
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eps fvm6^_eps_fvm6^_
#MGCTRL

<$FVM>/run/ #S-GRID
$FVM / /fvmmg.ctrl

C��ÜvN6B��
�àáa°�

TUµO´µ�H>�'

<$FVM>/run/
fvm_entire_mesh.dat

�àáa°� �àáa°�

eps_fvm

#S GRID R UCD
-¡À®:AVSqß9

#S-GRID-R-UCD
<$FVM>/run/fvm_entire_mesh

_results.inp

�àáa°�
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ìeps fvmí^_�´®��2/2�p _ í^ � �
J6�

fprogram eps_fvm
use eps_fvm_all

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

call eps_fvm_input_grid ´µ�H�¬�¬(#S-GRID)
call poi_gen c]	�)RS
call eps_fvm_solver �� :Á�
ll t t d AVS9-¡À®:�¸ÞF(S GRID R UCD)call output_ucd AVS9-¡À®:�¸ÞF(S-GRID-R-UCD)

end program eps_fvm
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fprogram eps_fvm
use eps_fvm_all

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

call eps_fvm_input_grid ´µ�H�¬�¬(#S-GRID)
call poi_gen c]	�)RS

ll f l �� :Ácall eps_fvm_solver �� :Á�
call output_ucd AVS9-¡À®:�¸ÞF(S-GRID-R-UCD)

end program eps fvm_
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´µ�H�s\��eps fvm util�´µ�H�s\��eps_fvm_util�
NODE tot I - B��

\�à � z�É®� Æë

NODE_tot I B��

NODE_VOL(:) R NODE_tot B�Od

NODE_COND(:) R NODE_tot B�jklm

NODE_XYZ(:) R 3*NODE_tot B�A����3uR�

CONN_tot I - +¶���ä��â�

CONN_node(:) I 2*CONN_tot +¶���ä��?SB�

CONN_COEF(:) R CONN_tot +¶���ä����

FIX_NODE_tot I - >�	�I34_`�9B��

FIX_NODE_ID(:) I FIX_NODE_tot >�	�I34_`�9B�¹Ü

FIX_NODE_COEF(:) R FIX_NODE_tot >�	�I34_`��

FIX_NODE_VAL(:) R FIX_NODE_tot >�	�I34_`�

SURF_NODE_tot I - b®c�34_`�9B��

SURF_NODE_ID(:) I SURF_NODE_tot b®c�34_`�9B�¹Ü

SURF_NODE_FLUX(:) R SURF_NODE_tot b®c�34_`¡.µ�)

BODY_NODE_tot I - Od�j34_`�9B��

BODY_NODE_ID(:) I BODY_NODE_tot Od�j34_`�9B�¹Ü

BODY NODE FLUX( ) R BODY NODE Od�j34_` �BODY_NODE_FLUX(:) R BODY_NODE_tot Od�j34_`¡.µ�)
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ìeps fvmí^_�´µ�H�¬�¬�1/5�ìeps_fvmí^_�´µ�H�¬�¬�1/5�
subroutine 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=NAME_LEN) :: member
character(len=80      ) :: LINE

!C
!C +------------+!C +------------+
!C | MESH INPUT |
!C +------------+
!C===

open (22, file='fvmmg.ctrl', status='unknown')
read (22,*) NX, NY, NZ

close (22)

C��ÜvN6
B�� AVSÞ�close (22)

IUNIT= 11
open (IUNIT,file= ‘fvm_entire_mesh.dat', status='unknown')

!C
!C NODE

B��YAVSÞ�
9�úB

!C-- NODE
read (IUNIT, '(10i10)') NODE_tot

if (NODE_tot.ne.NX*NY*NZ) then
write (*,'(a)') "incosistent test.grid and test.mesh !!!"
call hpcmw_eps_fvm_abort

CB�"#6�¬
�¬

endif

allocate (NODE_VOL(NODE_tot), NODE_COND(NODE_tot),                &
&          NODE_XYZ(3*NODE_tot))

do i= 1, NODE tot

NODE_tot�
âB��

, _
read (IUNIT,'(i10,5e16.6)') ii, NODE_VOL(i), NODE_COND(i),      &

&    (NODE_XYZ(3*i-3+k), k=1, 3)
enddo
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ìeps fvmí^_�´µ�H�¬�¬�1/5�ìeps_fvmí^_�´µ�H�¬�¬�1/5�
!C
!C-- NODE

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

if (NODE_tot.ne.NX*NY*NZ) then
write (*,'(a)') "incosistent test.grid and test.mesh !!!"
call hpcmw_eps_fvm_abort

endif

allocate (NODE_VOL(NODE_tot), NODE_COND(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)& (NODE_XYZ(3*i-3+k), k=1, 3)
enddo

12 B��:NODE_tot
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    5.000000E-01   1.500000E+00    5.000000E-01
4      1.000000E+00  1.000000E+00    1.500000E+00   1.500000E+00    5.000000E-01
5      1.000000E+00  1.000000E+00    5.000000E-01   5.000000E-01    1.500000E+00
6      1.000000E+00    1.000000E+00    1.500000E+00    5.000000E-01    1.500000E+00
7      1.000000E+00  1.000000E+00    5.000000E-01   1.500000E+00    1.500000E+00
8      1.000000E+00  1.000000E+00    1.500000E+00   1.500000E+00    1.500000E+00
9      1.000000E+00  1.000000E+00    5.000000E-01   5.000000E-01    2.500000E+00

10      1.000000E+00  1.000000E+00    1.500000E+00   5.000000E-01    2.500000E+00
11 1 000000E+00 1 000000E+00 5 000000E 01 1 500000E+00 2 500000E+0011 1.000000E+00 1.000000E+00 5.000000E-01 1.500000E+00 2.500000E+00
12      1.000000E+00  1.000000E+00    1.500000E+00   1.500000E+00    2.500000E+00
B�¹Ü B�Od B�jklm B���X�� B���Y�� B���Z��

NODE_VOL(i)     NODE_COND(i)   NODE_XYZ(3*i-2) NODE_XYZ(3*i-1) NODE_XYZ(3*i)
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ìeps_fvmí^_�´µ�H�¬�¬�2/5�
+¶���ä��"#

!C
!C-- CONNECTION

( (10 10) )
CONN tot�

read (IUNIT,'(10i10)') CONN_tot
allocate (CONN_NODE(2*CONN_tot), CONN_COEF(CONN_tot))
do i= 1, CONN_tot

read (IUNIT,'( 2i10, 3e16.6)') in1, in2, AREA, D1, D2
CONN_NODE(2*i-1)= in1
CONN NODE(2*i  )= in2

_
â+¶���ä���

_
C1 = NODE_COND(in1)
C2 = NODE_COND(in2)
CONN_COEF(i)= AREA / ( D1/C1 + D2/C2 )

enddo

20 +¶���ä��â�� CONN_tot
1         2    1.000000E+00    5.000000E-01    5.000000E-01
1         3    1.000000E+00    5.000000E-01    5.000000E-01
1         5    1.000000E+00    5.000000E-01    5.000000E-01
2 4 1 000000E+00 5 000000E-01 5 000000E-012 4 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    1.000000E+00    5.000000E-01    5.000000E-01
8 12 1 000000E+00 5 000000E 01 5 000000E 018 12 1.000000E+00 5.000000E-01 5.000000E-01
9        10    1.000000E+00    5.000000E-01    5.000000E-01
9        11    1.000000E+00    5.000000E-01    5.000000E-01

10        12    1.000000E+00    5.000000E-01    5.000000E-01
11        12    1.000000E+00    5.000000E-01    5.000000E-01
E1        E2    S:B�34od d1�E1A�¹ d2�E2A�¹

34osZ 34osZ
E1= CONN_NODE(2*ic-1)
E2= CONN_NODE(2*ic)
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bcOd����XYZ=;bcOd����XYZ=;
jde��Q��NÐ«x

nhB�Î6jkl UPa°34

� � � � 0�		�	�
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i

k

ki ��� B�34o
Mpjde

Od�j

a
b

dai

Sia

Sib
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Vi �B�Od

S �qood

i

S

dic

cdci

S qood

dij �B����rqoe�6sZ

q �qo¡.µ�)

Q Od�j
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ìeps_fvmí^_�´µ�H�¬�¬�2/5�
+¶���ä��"#

!C
!C-- CONNECTION CONN tot�!C CONNECTION

read (IUNIT,'(10i10)') CONN_tot
allocate (CONN_NODE(2*CONN_tot), CONN_COEF(CONN_tot))
do i= 1, CONN_tot

read (IUNIT,'( 2i10, 3e16.6)') in1, in2, AREA, D1, D2
CONN_NODE(2*i-1)= in1
CONN NODE(2*i )= in2

_
â+¶���ä���
���D2�Q�Î®`iS
<â��

CONN_NODE(2*i )= in2
C1 = NODE_COND(in1)
C2 = NODE_COND(in2)
CONN_COEF(i)= AREA / ( D1/C1 + D2/C2 )

enddo
®`iS<6Z[Dº�
Fó«�

D1 D2

AREA

i ik

ki k

i ik

ki k

i ik

ki k

in1 in2
D1 D2

�=C1 �=C2
ki kki kki k

� � � � 0�		�	� ��� ii
d

ididiiBe
ie

ie

k
ik

kiik

ik QVqSTTd
STTdd

S ��

��4�6®`iS<��4�6®`iS<
CONN_COEF

	 de

i
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ki

i

ik

���
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ìeps_fvmí^_�´µ�H�¬�¬�3/5�
>�	�I34_`

!C
!C-- DIRICHLET AREA!C DIRICHLET

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

BT

AREA

DIST
read (IUNIT, '(i10, 3e16.6)') &

&        FIX_NODE_ID(i), AREA, DIST, FIX_NODE_VAL(i): Tk
icel= FIX_NODE_ID(i)
COND= NODE_COND(icel)
FIX_NODE_COEF(i)= AREA / (DIST/COND)

enddo

iT

6 >�	�I34_`Dã>�B��� FIX_NODE_tot
2      1.000000E+00  5.000000E-01    0.000000E+00
4      1.000000E+00  5.000000E-01    0.000000E+00
6 1.000000E+00 5.000000E-01 0.000000E+00

FIX_NODE_COEF
6 1.000000E 00 5.000000E 01 0.000000E 00
8      1.000000E+00  5.000000E-01    0.000000E+00

10      1.000000E+00  5.000000E-01    0.000000E+00
12      1.000000E+00  5.000000E-01    0.000000E+00
B�¹Ü 34oodS     34oÎB�A�sZd 34�TB
FIX NODE ID(ib) FIX NODE VAL(ib)

� �� � iiBe
ie TTd
S

FIX_NODE_ID(ib) FIX_NODE_VAL(ib)

� � � � 0�		�	� ��� ii
d

ididiiBe
ie

ie

k
ik

kiik

ik QVqSTTd
STTdd

S ��

�
e

i

ied
�

	 de

i

iek

k

ki

i

ik

��� FIX_NODE_VAL
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ìeps_fvmí^_�´µ�H�¬�¬�4/5�
b®c�34_`

!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

6 b®c�34_`Dã>�B��� SURF_NODE_tot
1      1.000000E+00    1.000000E+00
3      1.000000E+00    1.000000E+00
5      1.000000E+00    1.000000E+00
7      1.000000E+00    1.000000E+00
9      1.000000E+00    1.000000E+00

AREA

11      1.000000E+00    1.000000E+00
B�¹Ü 34qodS      qo¡.µ�)QS
SURF_NODE_ID(ib)

FLUX

� � � � 0�		�	�
	

��� ii
d

idid
e

iiBe
ie

ie
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STTdd
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iki ���
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ìeps_fvmí^_�´µ�H�¬�¬�5/5�
Od�j

!C
!C-- BODY FLUX

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

allocate (BODY_NODE_FLUX(NODE_tot))
d i 1 BODY NODE t t

4 Od�jDã>�B��
5      1.000000E+00
6      1.000000E+00 
7      1.000000E+00

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

enddo

8      1.000000E+00
B�¹Ü Od¡.µ�)QV

FLUX� � � � 0�		�	�
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fprogram eps_fvm
use eps_fvm_all

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

call eps_fvm_input_grid ´µ�H�¬�¬(#S-GRID)
call poi_gen c]	�)RS

ll f l �� :Ácall eps_fvm_solver �� :Á�
call output_ucd AVS9-¡À®:�¸ÞF(S-GRID-R-UCD)

end program eps fvm_
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c]	�)�s\�q�eps fvm pcg�c]	�)�s\�q�eps_fvm_pcg�
\�à � É®� Æë

NPLU I - stLuvwx��c]	�)®`iS<â�

D(:) R NODE_tot stLuvwx��c]	�)`iS<

PHI(:) R NODE_tot stLuvwx�ã���]:

BFORCE(:) R NODE_tot stLuvwx�v��]:

index(:) I 0:NODE tot ��c]	�)®`iS<B�¹Ü9LuR��z��®`iS<��index(:) I 0:NODE_tot ��c]	�)®`iS<B�¹Ü9 uR��z��®`iS<��

item(:) I NPLU ��c]	�)®`iS<B�¹Ü9LuR��z��®`iS<B����¹Ü�

AMAT(:) R NPLU ��c]	�)®`iS<B�¹Ü9LuR��z��®`iS<�AMAT(:) R NPLU ��c]	�)®`iS<B�¹Ü9 uR��z��®`iS<�

®�®`iS<6¬D��Q�®�®`iS<6¬D��Q�
Compressed Row Storage�DE9Fó«�Ë
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4���]:d6�9
�®��®`iS<6¬D�� 24�N�v��®��®`iS<6¬D��Y24�N�v�

Compressed Row Storage (CRS)
`iS<�º� �D    (i) `iS<�º�Yi=1,N�

index(i) ®`iS<���Q�LuRz��MF¹Ü�
���Yi=0,N�

i (k) ®`iS<6B����¹Üitem(k) ®`iS<6B����¹Ü
���Yk=1, index(N)�

AMAT(k) ®`iS<
�º� k 1 i d (N)��º�Yk=1, index(N)�

:;<=>?@A:B<

CD>E=>FG>H
;IEJ=>KIEJLBIEJ
C M E C IE FJ F E C IEJCD>M=>ENCOPIEQFJRFG>ENCOPIEJ
;IEJ=>;IEJ>R>@S@TIMJLBIEUOVIMJJ
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ONCCD
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CD>W=>FG>H
;IWJ=>XYCX
CD E= F HCD>E=>FG>H
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Compressed Row Storage (CRS)p g ( )
1 2 3 4 5 6 7 8

�
�
�

�
�
�

1.907.305.206.33.4
0002.3004.21.11

2

�
�
�
�

�
�
�
�

007.25.28.901.40
01.305.107.5003

4

�
�
�
�

�
�
�
�

059412005600
03.405.1104.105.91.35

6

�
�
�
�

��
�
�
�

� 35101306931590
1.131.234.1005.24.60
05.94.12005.6006

7

8 ���� 3.5101.306.93.15.908

Compressed Row Storage (CRS)
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p g ( )
1

2 4 3 2
2 3 4 5 6 7 8

NODE tot= 81 11 2.4
�

3.2
�

4.3
�

2.5
�

3.7
 

9.1
!

2

NODE_tot= 8

`iS<
D(1)= 1 1

1.1
�

3.6
�� �  !

1.5
�

3.1
"

4 1 2 5 2 7

3

D(1)= 1.1
D(2)=  3.6
D(3)=  5.7
D(4)= 9.8

�

5.7


9 84.1
�

2.5
�

2.7
 

3.1
�

9.5
�

10.4


4.3
"

4

5

D(4) 9.8
D(5)= 11.5 
D(6)= 12.4
D(7)= 23.1 

9.8
�

11.5
�� �  "

6.5


9.5
"

6 4 2 5 1 4 13 1

6

( )
D(8)= 51.3

�

12.4
 

23 16.4
�

2.5


1.4
 

13.1
!

9.5
�

1.3


9.6
�

3.1
 

7

8

23.1
"

51.3
!�  �  !

Compressed Row Storage (CRS)
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p g ( )
1

2 4 3 2
2 3 4 5 6 7 8

1 11 2.4
�

3.2
�

4.3
�

2.5
�

3.7
 

9.1
!

2

1.1
�

3.6
� � �  !

1.5
�

3.1
"

4 1 2 5 2 7

3

�

5.7


9 8 4.1
�

2.5
�

2.7
 

3.1
�

9.5
�

10.4


4.3
"

4

5

9.8
�

11.5
� � �  "

6.5


9.5
"

6 4 2 5 1 4 13 1

6

�

12.4
 

23 1 6.4
�

2.5


1.4
 

13.1
!

9.5
�

1.3


9.6
�

3.1
 

7

8

23.1
"

51.3
! �  �  !
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p g ( )

2 4 3 21 1

®`i
S<�

index(0)=  0

1

2

2.4
�

3.2
�

4.3
�

2.5
�

3.7
 

9.1
!

1.1
�

3.6
�

2      index(1)=  2

4      index(2)=  6

3

� �  !

1.5
�

3.1
"

4 1 2 5 2 7

�

5.7


9 8

2      index(3)=  8

4

5

4.1
�

2.5
�

2.7
 

3.1
�

9.5
�

10.4


4.3
"

9.8
�

11.5
�

3      index(4)= 11

4      index(5)= 15

6

� �  "

6.5


9.5
"

6 4 2 5 1 4 13 1

�

12.4
 

23 1

( )

2      index(6)= 17

7

8

6.4
�

2.5


1.4
 

13.1
!

9.5
�

1.3


9.6
�

3.1
 

23.1
"

51.3
!

4      index(7)= 21

4      index(8)= 25 NPLU= 25
�  �  !

( )
(=index(N))

index(i-1)+1~index(i)¹7ùi476®`iS<

Compressed Row Storage (CRS)
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p g ( )

2 4 3 21 1

®`i
S<�

index(0)=  0

1

2

2.4
�,1

3.2
�,2

4.3
� 3

2.5
� 4

3.7
 5

9.1
! 6

1.1
�

3.6
�

2      index(1)=  2

4      index(2)=  6

3

�,3 �,4  ,5 !,6
1.5
�,7

3.1
",8

4 1 2 5 2 7

�

5.7


9 8

2 index(3)=  8

4

5

4.1
�,9

2.5
�,10

2.7
 ,11

3.1
� 12

9.5
� 13

10.4
 14

4.3
" 15

9.8
�

11.5
�

3      index(4)= 11

4      index(5)= 15

6

�,12�,13,14",15
6.5
,16

9.5
",17

6 4 2 5 1 4 13 1

�

12.4
 

23 1

( )

2      index(6)= 17

7

8

6.4
�,18

2.5
,19

1.4
 ,20

13.1
!,21

9.5
� 22

1.3
 23

9.6
� 24

3.1
 25

23.1
"

51.3
!

4      index(7)= 21

4      index(8)= 25 NPLU= 25
�,22,23�,24 ,25!

( )
(=index(N))

index(i-1)+1~index(i)¹7ùi476®`iS<

Compressed Row Storage (CRS)
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p g ( )

1 1 2 4 3 21

2

1.1
�

3.6
�

ê�
item( 7)= 5, AMAT( 7)= 1.5

2.4
�,1

3.2
�,2

4.3
� 3

2.5
� 4

3.7
 5

9.1
! 6

3

�

5.7


9 8

item( 7) 5, AMAT( 7) 1.5
item(19)= 3, AMAT(19)= 2.5

�,3 �,4  ,5 !,6
1.5
�,7

3.1
",8

4 1 2 5 2 74

5

9.8
�

11.5
�

4.1
�,9

2.5
�,10

2.7
 ,11

3.1
� 12

9.5
� 13

10.4
 14

4.3
" 15

6

�

12.4
 

23 1

�,12�,13,14",15
6.5
,16

9.5
",17

6 4 2 5 1 4 13 17

8

23.1
"

51.3
!

6.4
�,18

2.5
,19

1.4
 ,20

13.1
!,21

9.5
� 22

1.3
 23

9.6
� 24

3.1
 25! �,22,23�,24 ,25

Compressed Row Storage (CRS)
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p g ( )

1 1 2 4 3 21

2

D    (i) `iS<�º�Yi=1,N�
index(i) ®`iS<���Q�LuRz�

�MF¹Ü���� i 0 N�

1.1
�

3.6
�

2.4
�,1

3.2
�,2

4.3
� 3

2.5
� 4

3.7
 5

9.1
! 6

3

�MF¹Ü����Yi=0,N�
item(k) ®`iS<6B����¹Ü

���Yk=1, index(N)�
AMAT(k) ®`iS<

�

5.7


9 8

�,3 �,4  ,5 !,6
1.5
�,7

3.1
",8

4 1 2 5 2 74

5 :;<=>?@A:B<

AMAT(k) ®`iS<
�º�Yk=1, index(N)�

9.8
�

11.5
�

4.1
�,9

2.5
�,10

2.7
 ,11

3.1
� 12

9.5
� 13

10.4
 14

4.3
" 15

6

: < ? A: <

CD>E=>FG>H
;IEJ=>KIEJLBIEJ
C M E C IE FJ F E C IEJ

�

12.4
 

23 1

�,12�,13,14",15
6.5
,16

9.5
",17

6 4 2 5 1 4 13 17

8

CD>M=>ENCOPIEQFJRFG>ENCOPIEJ
;IEJ=>;IEJ>R>@S@TIMJLBIEUOVIMJJ

ONCCD
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6.4
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2.5
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13.1
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9.5
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9.6
� 24
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ìeps fvmí^_�c]	�)RS�1/5�ìeps_fvmí^_�c]	�)RS�1/5�
!C
!C***
!C*** POI_GEN
!C***!C
!C
!C    generate COEF. MATRIX for POISSON equations
!C

subroutine POI_GEN

use eps fvm alluse eps_fvm_all
implicit REAL*8 (A-H,O-Z)
integer, pointer :: IWKX(:,:)

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

!C
!C-- MATRIX

nn = NODE_tot

allocate (BFORCE(nn), D(nn), PHI(nn))
allocate (index(0:nn))

BFORCE= 0.d0
PHI= 0.d0

D= 0.d0

index= 0
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ìeps fvmí^_�c]	�)RS�2/5�ìeps_fvmí^_�c]	�)RS�2/5�
!C
!C-- ETC.

allocate (IWKX(NODE_tot,6))
IWKX= 0IWKX= 0

do ic= 1, CONN_tot
in1= CONN_NODE(2*ic-1)
in2= CONN_NODE(2*ic  )

ik1= index(in1) + 1

�®��®`iS<�[Þ
�®��®`iS<#Þ

ik1= index(in1) + 1
IWKX (in1,ik1)= ic
index(in1 )= ik1

ik2= index(in2) + 1
IWKX (in2,ik2)= ic
i d (i 2 ) ik2

index(in)�
CB�6®`iS<�
�MF¹Ü�index(in2 )= ik2

enddo

do i= 1, nn
index(i)= index(i-1) + index(i)

enddo

�MF¹Ü�

IWKX(in,1-6)�
CB�6®`iS<6

NPLU= index(nn)

allocate (item(NPLU), AMAT(NPLU))

CB�6®`iS<6
+¶���ä��ID
�CONN_NODE�

®`iB��D¸9FG}~f
IWKX6É®�D¸9M^�«
��¨fnhB��ù6e��c��¨fnhB�� e c
°©�ó«��

T2K-FVM-01 90

ìeps fvmí^_�c]	�)RS�2/5�ìeps_fvmí^_�c]	�)RS�2/5�
!C
!C-- ETC.

allocate (IWKX(NODE_tot,6))
IWKX= 0IWKX= 0

do ic= 1, CONN_tot
in1= CONN_NODE(2*ic-1)
in2= CONN_NODE(2*ic  )

ik1= index(in1) + 1ik1= index(in1) + 1
IWKX (in1,ik1)= ic
index(in1    )= ik1

ik2= index(in2) + 1
IWKX (in2,ik2)= ic
i d (i 2 ) ik2index(in2 )= ik2

enddo

do i= 1, nn
index(i)= index(i-1) + index(i)

enddo

index(in)�
CB�6®`iS<�
�MF¹Ü�

NPLU= index(nn)

allocate (item(NPLU), AMAT(NPLU))

�MF¹Ü�

NPLU�
�®��®`iS<6â��®��®`iS<6â�
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ìeps fvmí^_�c]	�)RS�3/5�ìeps_fvmí^_�c]	�)RS�3/5�
do i= 1, NODE_tot

do j= 1, index(i)-index(i-1)
k= index(i-1) + j

item(k)�
®`iS<��¹Ü�

ic = IWKX(i,j)
in1= CONN_NODE(2*ic-1)
in2= CONN_NODE(2*ic  )

if (in1.eq.i) then
item(k)= in2

®`iS<��¹Ü�

item(k)= in2
else
item(k)= in1

endif
enddo

enddo
!C!C===

!C
!C +----------------------------+
!C | INTERIOR NODEs + BODY FLUX |
!C +----------------------------+
!C===

do icel= 1, NODE_tot
BFORCE(icel)= BFORCE(icel) + BODY_NODE_FLUX(icel)

enddo

do i= 1, NODE tot_
do j= index(i-1)+1, index(i)

icon= IWKX(i,j-index(i-1))
AMAT(j)= -CONN_COEF(icon)
D   (i)= D(i) + CONN_COEF(icon)

enddo
enddo
deallocate (IWKX)

!C===
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ìeps_fvmí^_�c]	�)RS�3/5�

do i= 1, NODE_tot ����

Od�j

_
do j= 1, index(i)-index(i-1)

k= index(i-1) + j

ic = IWKX(i,j)
in1= CONN_NODE(2*ic-1)
in2= CONN NODE(2*ic  )

���
�
�
�
�
�

�
�
�
�
�

	
�

�
�
�
�
�

�
�
�
�
�

	
	 k

k
kiik

ik
i

e ie

ie

k kiik

ik Tdd
STd

S
dd

S

�����
_

if (in1.eq.i) then
item(k)= in2

else
item(k)= in1

endif �� 		�

��������

iBe
ie

iiidid

kiiki

Td
SQVqS

�����

��
��v�

e d
enddo

enddo!C===

!C
!C +----------------------------+
!C | INTERIOR NODEs + BODY FLUX |

��
e

i

ied
d
�

BODY_NODE_FLUX

BFORCE��v�

!C | INTERIOR NODEs + BODY FLUX |
!C +----------------------------+
!C===

do icel= 1, NODE_tot
BFORCE(icel)= BFORCE(icel) + BODY_NODE_FLUX(icel)

enddo

do i= 1, NODE_tot
do j= index(i-1)+1, index(i)

icon= IWKX(i,j-index(i-1))
AMAT(j)= -CONN_COEF(icon)
D   (i)= D(i) + CONN_COEF(icon)

enddoenddo
enddo
deallocate (IWKX)

!C===

T2K-FVM-01 98

ìeps fvmí^_�c]	�)RS�3/5�p _
Æ�jkl

do i= 1, NODE tot, _
do j= 1, index(i)-index(i-1)

k= index(i-1) + j

ic = IWKX(i,j)
in1= CONN_NODE(2*ic-1)
in2= CONN NODE(2*ic ) ��� �

�
�

�
�
�

��
�
�

�
�
�

	 k
ik

i
ieik TSTSS

D�`iS<� AMAT�®`iS<�

in2 CONN_NODE(2 ic )

if (in1.eq.i) then
item(k)= in2

else
item(k)= in1

endif
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�����
endif

enddo
enddo!C===

!C
!C +----------------------------+
!C | INTERIOR NODEs + BODY FLUX |

�� 		�
e

iBe
ie

ie
ii

d
idid Td

SQVqS ��

CONN_COEF CONN_COEF

!C | INTERIOR NODEs + BODY FLUX |
!C +----------------------------+
!C===

do icel= 1, NODE_tot
BFORCE(icel)= BFORCE(icel) + BODY_NODE_FLUX(icel)

enddo

e

i

ied

�

do i= 1, NODE_tot
do j= index(i-1)+1, index(i)

icon= IWKX(i,j-index(i-1))
AMAT(j)= -CONN_COEF(icon)
D   (i)= D(i) + CONN_COEF(icon)

enddo
enddo
deallocate (IWKX)

!C===
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ìeps_fvmí^_�c]	�)RS�4/5�
>�	�I34_`�qoUPa°�

!C
!C +-----------+
!C | DIRICHLET |
!C +-----------+
!C===

do i= 1, FIX_NODE_tot
icel= FIX_NODE_ID(i)
D (icel)= D (icel) + FIX NODE COEF(i)( ) ( ) _ _ ( )
BFORCE(icel)= BFORCE(icel) + FIX_NODE_COEF(i)*FIX_NODE_VAL(i)

enddo
!C===

���� D�`iS<�
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FIX_NODE_COEF * FIX_NODE_VAL
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ìeps_fvmí^_�c]	�)RS�5/5�
b®c�34_`�qojde�

!C
!C +--------------+
!C | SURFACE FLUX |
!C +--------------+
!C===

do i= 1, SURF_NODE_tot
icel= SURF NODE ID(i)_ _ ( )
BFORCE(icel)= BFORCE(icel) + SURF_NODE_FLUX(i)

enddo
!C===

return
end
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fprogram eps_fvm
use eps_fvm_all

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

call eps_fvm_input_grid ´µ�H�¬�¬(#S-GRID)
call poi_gen c]	�)RS
call eps fvm solver �� :Ácall eps_fvm_solver �� :Á�
call output_ucd AVS9-¡À®:�¸ÞF(S-GRID-R-UCD)

end program eps fvm_
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ìeps fvmí^_� :Á�ìeps_fvmí^_� :Á
subroutine eps_fvm_solver

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

EPS = 1.d-8
ITR = NODE_tot

call eps fvm solver CG &p _ _ _
&    ( NODE_tot, NPLU, D, BFORCE, PHI, EPS,             &
&      ITR,  IER, index, item, AMAT, COMMtime)
ISET= ISET + 1

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

close (11)

iS= NX*NY*NZ/2 + NX*NY/2
do i= iS+1, iS+NX

write (*,'(i8,3(1pe16.6))') i, PHI(i)
enddoenddo

end subroutine eps_fvm_solver
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	!ýþZ[�£��
 ïð��vwx6m�

• �§6	!ýþZ[fY�Â8� ïð��vwx
Ax=bDm§�Î�&¡©��Ë
– important, expensive

• ��	
�����Òó|'öJ�ù()©�ó«���	
 ����Òó|'öJ�ù()©�ó«�

– 24��sparse�Y64��dense�
– gh��direct� gf��iterative�gh��direct�Ygf��iterative�

• 64��dense�
-, Á:ö*+�9�BEM )5�]:� MO MD�¤,�– -,�Á:ö*+�9�BEMY)5�]:�YMOYMD�¤,�

• 24��sparse�
� ö*+�9 �a� õÕ�A-.�/– ,��:ö*+�9�FEMYFDMYMD�a�YõÕ�A-.�/

BEM
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gh��Direct Method�gh��Direct Method�
• Gauss6Ã0�Y1µLU<mGauss6Ã0�Y1µLU<m

– 24�A-1Dghy÷�

• ¾j
– 3° 45«��	
�����9��3°Y45«��	
 ����9��

• Partial Pivoting
– 24�Y64�«8��Ï�9��

• 6j
– gf��NÏ´�	YZ[ÇYDúBÎQ�gf��NÏ´�	YZ[ÇYDúBÎQ�

• 64�6}~YO�N3 �6Z[{

–  ïðöZ[N��fö«
• O�N2 �6 °ë{YO�N3 �6Z[{

105

gf��Iterative Method�gf��Iterative Method�
• °S�stationary��°S�stationary��

– gfZ[�Ym��]:Ù�6\�f\;M8
– SOR Gauss-Seidel JacobiöÔSORYGauss SeidelYJacobiöÔ
– çFó7«

• ®°S�nonstationary��
8e ��;_`ù§��– 8eY��;_`ù§��

– Krylov�<XY�subspace�69:D$�ÎFóE9Q�G
÷ Krylov�<XY�ÎÏ]^��÷YKrylov�<XY�ÎÏ]^��

– CG�Conjugate Gradient�pqrz��
BiCGSTAB�Bi Conjugate Gradient Stabilized�– BiCGSTAB�Bi-Conjugate Gradient Stabilized�

– GMRES�Generalized Minimal Residual�

106

gf��Iterative Method��·¸�gf��Iterative Method��·¸�
• ¾j¾j

– gh�ÎtuFóY´�	E9{YZ[{ù�ö«Ë
– ��Z[�f�Fó«�Ë��Z[�f�Fó«�Ë

• 6j6j
– ;eCùY��	
���Y34_`6ª«D�9Q«Ë
– Þ^_�preconditioning�ùABËÞ^_�preconditioning�ùABË
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�q8ögf��pqrz�

• Conjugate Gradient�Y�FóìCGí�
�Ï�q8öì®°Sígf�– �Ï�q8öì®°Sígf�

• `áx°�4��Symmetric Positive Definite�SPD�
N�N�
– [Ã6��]:{x}�`Fó{x}T[A]{x}>0
– µ`iS<>< µab�>0 µ�<4�x>0ÎÑ�µ`iS<><Yµab�>0Yµ�<4�x>0ÎÑ�
– jklY=CY>ÒN���5+�o6}~ÏSPD

• �:�	�²• �:�	�²
– �?@Ö��Steepest Descent Method�6\æ
– x(i)= x(i-1) + #ip(i)x x + #ip

• x(i)�gfmYp(i)�AB��]:Y#i�°��

– É6mDyÎQ�Î¸ {x-y}T[A]{x-y}D�CÎQ��I
ö{x}Dy÷�Ë

– K�f�=&DEwFGrH��



T2K-FVM-01 108

pqrz�6�:�	�²pqrz�6�:�	�²

Compute r(0)= b-[A]x(0)
4���]:d

Compute r b [A]x
for i= 1, 2, …

z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1)

• 4���]:d
• ��]:Æd
��]:°��6§I

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

else

• ��]:°��6§I

%i-1= $i-1/$i-2
p(i)= z(i-1) + %i-1 p(i-1)

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

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

x(i) ���]:
#i �)�.�

r(i)= r(i-1) - #iq(i)

check convergence |r|
end
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pqrz�6�:�	�²pqrz�6�:�	�²

4���]:d
Compute r(0)= b-[A]x(0) • 4���]:d

• ��]:Æd
��]:°��6§I

Compute r b [A]x
for i= 1, 2, …

z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1) • ��]:°��6§I
$i 1
if i=1
p(1)= z(0)

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

endif

x(i) ���]:
#i �)�.�

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

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

check convergence |r|
end
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pqrz�6�:�	�²pqrz�6�:�	�²

4���]:d
Compute r(0)= b-[A]x(0) • 4���]:d

• ��]:Æd
��]:°��6§I

Compute r b [A]x
for i= 1, 2, …

z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1) • ��]:°��6§I
$i-1
if i=1
p(1)= z(0)

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

endif

x(i) ���]:
#i �)�.�

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

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

check convergence |r|
end
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pqrz�6�:�	�²pqrz�6�:�	�²

4���]:d
Compute r(0)= b-[A]x(0) • 4���]:d

• ��]:Æd
��]:°��6§I

Compute r b [A]x
for i= 1, 2, …

z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1) • ��]:°��6§I
$i 1
if i=1
p(1)= z(0)

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

endif

x(i) ���]:
#i �)�.�

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

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

end
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Þ^_�preconditioning�Îf?Þ^_�preconditioning�Îf?
• gf�6;ef��4�6ab�<J�VW

– ab�<Jù�ö§Y��1�K«ÓÔ;eùL«�¢Ð4��
– _`��condition number��`áx°�<� �Cab�t

• _`�ù1�K«ÓÔ;eF9Q«

• ÏÎ6��4�[A]�M§NGÞ^_4�[M]D�9Q
� Î ab�<JDOPQ���Î���óab�<JDOPQ�Ë
– Þ^_4�[M]���óR6vwx[A]{x}={b}D

Î\QQ� ��� 1[A’]{x’}={b’}Î\QQ�Ë���[A’]=[M]-1[A]Y
{b’}=[M]-1{b}�Ð�Ë
[A’] [M]-1[A]ù¢Ð4��K��^M« Î«I�Î�ö– [A’]=[M] 1[A]ù¢Ð4��K��^M«YÎ«I�Î�ö
�Ë

• ìÞ^_íf64� 24�ÎÏ�E9Q�ù RMf2• ìÞ^_íf64�Y24�ÎÏ�E9Q�ùYRMf2
4�D`a�Q��Îù�«Ë
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Þ^_/¸pqrz�6�:�	�²Þ^_/¸pqrz�6�:�	�²

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

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

(i 1) (i 1)

x

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

else xelse
%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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Þ^_/pqrz�
114

Preconditioned Conjugate Gradient Method �PCG�

Compute r(0)= b-[A]x(0) ºS�9�T¸Z[fCompute r b [A]x
for i= 1, 2, …

solve [M]z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1)

ºS�9�T¸Z[f�

& ' ( ) & 'rMz 1��$i 1
if i=1
p(1)= z(0)

else

& ' ( ) & 'rMz

ìKN24�í6Z[ùúB�
%i-1= $i-1/$i-2
p(i)= z(i-1) + %i-1 z(i-1)

endif
( ) ( ) ( ) ( )AMAM ** �� ,11

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

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

�-6Þ^_�5�624�

( ) ( ) ( ) ( )AMAM �� �� 11
r(i)= r(i-1) - #iq(i)

check convergence |r|
end `i)
�	�-��¢<U«

( ) ( ) ( ) ( )11

( ) ( ) ( ) ( )AMAM ,

( ) ( ) ( ) ( )DMDM �� �� ,11
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ILU(0), IC(0)ILU(0), IC(0)
• �Ï�§E9©�ó«�Þ^_�24�9��Ï�§E9©� �Þ^_�24�9�

– V1µLU<m
• Incomplete LU Factorization

– V1µ+I)è�<m
• Incomplete Cholesky Factorization�`á4��

• V1µögh�
– ÏÎ64�ù2�ÏY24�f2Îfcrö«Ë
– fill-in
– ÏÎ64�ÎÑÒ®¯,*'���fill-inGF�DW�ó«�
6ùILU�0�YIC�0�
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`i)
�	�- jk+äÞ^_`i)
 	�-Yjk+äÞ^_

• Þ^_4�ÎFóYÏÎ64�6`iS<6¬D²NÞ
FG4�DÞ^_4� [M] ÎQ�Ë
– `i)
�	�-Yjk+ä�point-Jacobi�Þ^_

�
�
�

�
�
�

D
D

000
00...0

2

1

( )
�
�
�
�

�
�
�
�

�
D

D
M

000
.........
000 2

�
�
��

�
�

�

N

N

D
D
0...00

000 1

• solve [M]z(i-1)= r(i-1)Î«I}~�24�D�¢
�y÷��Îù�¸�Ë�y÷��Îù�¸�Ë

• �¢öª��f;eQ�Ë
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ìeps fvmí^_� :Á��1/7�ìeps_fvmí^_� :Á �1/7�
!C
!C***
!C*** CG
!C***
!C

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

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

real(kind=kreal), dimension(N) :: D
real(kind=kreal), dimension(N) :: B
real(kind=kreal), dimension(N) :: Xreal(kind kreal), dimension(N) :: X

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

real(kind=kreal) :: EPSreal(kind kreal) :: EPS

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

real(kind=kreal), dimension(:,:), allocatable, save :: W
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ìeps fvmí^_� :Á��2/7�ìeps_fvmí^_� :Á �2/7�
Compute r(0)= b-[A]x(0)

for i= 1 2

!C
!C +-------+
!C | INIT. | for i 1, 2, …

solve [M]z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1)
if i=1

!C +-------+
!C===

if (.not.allocated(W)) then
allocate (W(N,4))

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

else
%i-1= $i-1/$i-2

X= 0.d0
W= 0.d0

R = 1
Z = 2
Q = 2 %i 1 $i 1 $i 2

p(i)= z(i-1) + %i-1 p(i-1)

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

Q 2
P = 3
DD= 4

do i= 1, N
W(i,DD)= 1.0D0 / D(i)

enddo
#i = $i-1/p(i)q(i)
x(i)= x(i-1) + #ip(i)

r(i)= r(i-1) - #iq(i)

enddo

IER  = 0
Tcomm= 0.d0

!C===ZIEGFJ=>ZIEG[J>9>:\<
ZIE ]J= ZIE ^J 9 :_< check convergence |r|

end

ZIEG]J=>ZIEG^J>9>:_<
ZIEG]J=>ZIEG`J>9>:a<
ZIEGbJ=>ZIEGcJ>9>:d<

ZIEGeJ=>ZIEGKKJ>9>FfKg@h
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ìeps fvmí^_� :Á��2/7�ìeps_fvmí^_� :Á �2/7�
!C
!C +-------+
!C | INIT. |

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

for i= 1 2!C +-------+
!C===

if (.not.allocated(W)) then
allocate (W(NP,4))

endif

for i 1, 2, …
solve [M]z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1)
if i=1

X= 0.d0
W= 0.d0

R = 1
Z = 2
Q = 2

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

else
%i-1= $i-1/$i-2Q 2

P = 3
DD= 4

do i= 1, N
W(i,DD)= 1.0D0 / D(i)

enddo

%i 1 $i 1 $i 2

p(i)= z(i-1) + %i-1 p(i-1)

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

IER  = 0
Tcomm= 0.d0

!C===

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

r(i)= r(i-1) - #iq(i)

`iS<62��Þ^_9�
J6XPYY[DQ�Î,mù
¦«G÷Y¯÷z����

check convergence |r|
end
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ìeps fvmí^_� :Á��3/7�ìeps_fvmí^_� :Á �3/7�
!C
!C +-----------------------+

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

for i= 1 2!C | {r0}= {b} - [A]{xini} |
!C +-----------------------+
!C===

do i= 1, N
W(i,R) = D(i)*X(i)
do j= index(i-1)+1, index(i)

for i 1, 2, …
solve [M]z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1)
if i=1j ( ) , ( )

W(i,R) = W(i,R) + COEF(j) * X(item(j))
enddo

enddo

BNRM2= 0.0D0
do i= 1, N

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

else
%i-1= $i-1/$i-2do i 1, N

BNRM2= BNRM2 + B(i)  **2
W(i,R)= B(i)  - W(i,R)

enddo
!C===

%i 1 $i 1 $i 2

p(i)= z(i-1) + %i-1 p(i-1)

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

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

r(i)= r(i-1) - #iq(i)

check convergence |r|
end
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ìeps fvmí^_� :Á��3/7�ìeps_fvmí^_� :Á �3/7�
!C
!C +-----------------------+

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

for i= 1 2!C | {r0}= {b} - [A]{xini} |
!C +-----------------------+
!C===

do i= 1, N
W(i,R) = D(i)*X(i)
do j= index(i-1)+1, index(i)

for i 1, 2, …
solve [M]z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1)
if i=1j ( ) , ( )

W(i,R) = W(i,R) + COEF(j) * X(item(j))
enddo

enddo

BNRM2= 0.0D0
do i= 1, N

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

else
%i-1= $i-1/$i-2do i 1, N

BNRM2= BNRM2 + B(i)  **2
W(i,R)= B(i)  - W(i,R)

enddo
!C===

%i 1 $i 1 $i 2

p(i)= z(i-1) + %i-1 p(i-1)

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

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

r(i)= r(i-1) - #iq(i)
BNRM2=|b|2

ÐÎ�;eZ°�E9
check convergence |r|

end
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ìeps fvmí^_� :Á��4/7�ìeps_fvmí^_� :Á �4/7�
!C
!C********************************* ITERATION

do L= 1, ITR
Compute r(0)= b-[A]x(0)

for i= 1 2!C
!C +----------------+
!C | {z}= [Minv]{r} |
!C +----------------+
!C===

do i= 1, N

for i 1, 2, …
solve [M]z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1)
if i=1,

W(i,Z)= W(i,DD) * W(i,R)
enddo

!C===

!C
!C +-------------+

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

else
%i-1= $i-1/$i-2!C + +

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

RHO= 0.d0
do i= 1, N

RHO= RHO + W(i R)*W(i Z)

%i 1 $i 1 $i 2

p(i)= z(i-1) + %i-1 p(i-1)

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

RHO RHO + W(i,R) W(i,Z)
enddo

!C===
#i = $i-1/p(i)q(i)
x(i)= x(i-1) + #ip(i)

r(i)= r(i-1) - #iq(i)

check convergence |r|
end
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ìeps fvmí^_� :Á��5/7�ìeps_fvmí^_� :Á �5/7�
!C
!C +-----------------------------+
!C | {p} = {z} if      ITER=1    |

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

for i= 1 2!C | BETA= RHO / RHO1  otherwise |
!C +-----------------------------+
!C===

if ( L.eq.1 ) then
do i= 1, N

W(i,P)= W(i,Z)

for i 1, 2, …
solve [M]z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1)
if i=1( , ) ( , )

enddo
else

BETA= RHO / RHO1
do i= 1, N

W(i,P)= W(i,Z) + BETA*W(i,P)
enddo

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

else
%i-1= $i-1/$i-2enddo

endif
!C===

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

%i 1 $i 1/$i 2
p(i)= z(i-1) + %i-1 p(i-1)

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

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

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)

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

r(i)= r(i-1) - #iq(i)W(i,Q) = W(i,Q) + COEF(j) * W(item(j),P)
enddo

enddo
!C===

check convergence |r|
end
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ìeps fvmí^_� :Á��6/7�ìeps_fvmí^_� :Á �6/7�
!C
!C +---------------------+
!C | ALPHA= RHO / {p}{q} |

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

for i= 1 2!C +---------------------+
!C===

C1= 0.d0
do i= 1, N

C1= C1 + W(i,P)*W(i,Q)
enddo

for i 1, 2, …
solve [M]z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1)
if i=1

ALPHA= RHO / C1
!C===

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

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

else
%i-1= $i-1/$i-2!C | {r} {r} ALPHA {q} |

!C +----------------------+
!C===

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

enddo

%i 1 $i 1 $i 2

p(i)= z(i-1) + %i-1 p(i-1)

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

enddo
#i = $i-1/p(i)q(i)
x(i)= x(i-1) + #ip(i)

r(i)= r(i-1) - #iq(i)
check convergence |r|

end
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DNRM2 = 0.0
do i= 1, N

DNRM2= DNRM2 + W(i,R)**2
Compute r(0)= b-[A]x(0)

for i= 1 2enddo

RESID= dsqrt(DNRM2/BNRM2)

if (my_rank.eq.0) write (*, 1000) L, RESID
1000   format (i5, 1pe16.6)

for i 1, 2, …
solve [M]z(i-1)= r(i-1)

$i-1= r(i-1) z(i-1)
if i=1( , p )

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

enddo
IER = 1

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

else
%i-1= $i-1/$i-2

r= b-[A]x
2 | |2IER 1

900 continue

ITR= L
EPS= RESID

%i 1 $i 1 $i 2

p(i)= z(i-1) + %i-1 p(i-1)

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

DNRM2=|r|2

BNRM2=|b|2

RESID |r|/|b|EPS RESID

return

end subroutine hpcmw_eps_fvm_solver_CG

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

r(i)= r(i-1) - #iq(i)

RESID= |r|/|b|

check convergence |r|
end
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