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I HBREREZDFIE (LHNEFET)

pfem3d/run/ [J

INPUT . DAT
e I
A pfem3d/mesh/ . pfem3d/run/
<HEADER>.* sol

\
-
\

Bma8AvaT7AIL

pfem3d/run/
test.Inp

ParaView 1 : L ¥EE
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{1 2 7 14 JL : INPUT.DAT

../ mesh/aaa HEADER

2000 ITER

1.0 1.0 COND, QVOL

1.0e-08 RESID

e HEADER : B2 7AILANY Z 4
<HEADER>.my_ rank

e ITER : & B % LR

e COND : L ER

e QVOL : KES-YRAERA

e RESID : RIE;EDINEHIEE

2 (zaTj+ : [1£) 2 (z@j Q(x,y,2)=0

x ) T "oy ) T a\ M a
Q(x,y,z)=QVOL|x. + Y|
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<$0O-TOP>/pfem3d/run/go.sh

#1/bin/sh

#PIM -L “node=1*

#PIM -L “elapse=00:05:00*
#PIM -L ““school*

#PIM -0 “test. st

#PJIM --mp1 “‘proc=8*

mpiexec ./sol

8535l 165 & 3253 &
“node=1* node 1 node 2"
“proc=8~ “proc=16"  “proc=32~

/—F#
17T
E£TxXa1—4
REH N
MP1 7Ot X#

/\2“ 192/\2“
node 4 “node=12“
“proc=64"  “proc=192"
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test1 input_cntl
AMTOTS A HlET—2AH

input_grid define_file_name
Ay aTdrAILAA Bfr7714IL4
mat_con0 mSORT
[%?5!]:1*’77‘-457‘-4?._& Y—k
mat_conl find_node
[%?5!]:1*’77‘-457‘-4?._& B RER
mat_ass_main jacobi
1R EATHI R YaE7UEE
mat_ass_bc
EREHNIE

= Rt =Mz
— Il ﬁ[J ;b}'l,d' solvell cg
S j-l-_' Ny K 1R L s —I| 1 CGAEE

%E:ﬂzli *J:r 1 — P output_ucd
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program heat3Dp

use solver1l
use pfem_ util

implicit REAL*8 (A-H, 0-2)
cal |l PFEM_INIT

call INPUT_CNTL
call INPUT_GRID

cal | MAT_CONO
call MAT_CON1

cal | MAT_ASS_MAIN
cal | MAT_ASS_BC

cal |l SOLVE11
cal | OUTPUT_UCD
call PFEM_FINALIZE

end program heat3Dp
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GlobalZ #%k : pfem_util.f (1/4)

Pk ] H4 X /10 SIS
fhame C (80) I Ay aTrAILEA
N, NP I || A N A NP S )
[CELTOT I BEET
NODGRPtot I | | IR IL—TH
XYZ R | o, 3) || i
[CELNOD [ | (ICELTOT, 8) EETEVEPIE
NODGRP_INDEX [ | (0:NODGRPtot) | | BEATL—TITEENBE AN ()
NODGRP_ITEM 1 éggg%zp_mnEx NODG | g —FicaEn B EA
NODGRP_NAWE ¢80 | (NODGRPTOT) | AR L—T%
NLU I O | BEAIERARDE
NPLU 1 O |Efmmae
D R (NP) O | & 175 :®ATO VY
B, X R (NP) O | HAIBRY FIL, RHE#HRT LML
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GlobalZ #zk : pfem_util.f (2/4)

EH4 EH B4 X /0 KL
AMAT R | (NPLU) O | K175 : FEFFAMS
index I (0:NP) O | 24175 : FEFFEHAMSTE
item I (NPLU) O | 2175 : FFRFXAMS (FIES)
INLU I (NP) O | BHRADEFTERAMDTH
[ALU I (NP, NLU) O |&ZHRADFFFAARIE 5IFS)
TWKX I (NP, 2) O 7 —% RECS
ITER, ITERactual I | | REE#HO LR, ZEEREOREERRK
RESID R | | THUIYERE (Le-8ITERTE)

11



pFEM3D-2

GlobalZ %1 3

% . pfem util.f (3/4)

EH% R H4 X /10 SIS
08th R | |=0.125
PNQ, PNE, PNT R | (2.28) O |&AYVAESEIHITE T T-THi-1-9)
POS, WEI R | @22 O |&HYRESADEE, BEHRY
NCOL1, NCOL2 [ | (100) O | v—FrET—4EF
SHAPE R | 2228) O |&BAYRBARITHFHIREH N, (/=178)
PNX, PNY, PNZ R | (2228) O |&AYRMBRICHHS T 0T Hi-1-0)
DETJ R | 222 O |&HYREAAIZHEITEYIET LI
COND, QVOL R || BMEER, RN YRRERE

12
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GlobalZ #%k : pfem_util.f (4/4)

RH A =l B4 X /0 N B
PETOT I O | fElE# (MPITOEX#)
my_rank I O |MPIZ7OotERBEE
errno I O |xT5—737
NEIBPETOT I | Bt Fz pR IS 2K
NEIBPE I (NEIBPETOT) | BEiEEEE S

IMPORT_INDEX
EXPORT_INEDX

(0:NEIBPETOT)

EE RET—IILOYAX (—RTEHEER
A1)

IMPORT_ITEM

(Npimport)

RET—TIL KtR)
(NPimport=IMPORT_INDEX (NEIBPETOT)))

EXPORT_ITEM

(Npexport)

EET—TIL ERR)
(NPexport=EXPORT_INDEX (NEIBPETOT)) )

ICELTOT_INT

EETERERY

intELEM_list

(ICELTOT_INT)

EEFEEROY R+ AIMREICER

13
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I8, 7T : MPI Init/Finalize

subroutine PFEM_INIT

use pfem_ util
implicit REALx8 (A-H, 0-2)
call MPI_INIT (ierr)

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

pfemRarray= 0. d0
pfemlarray= 0

return
end

subroutine PFEM_FINALIZE
use pfem_util
implicit REALx8 (A-H, 0-2)

call MPI_FINALIZE (errno)
if (my_rank.eq.0) stop ' * normal termination’

return
end

14



HET 7 A JLAH - INPUT_CNTL

subroutine INPUT _CNTL
use pfem_ util

implicit REAL*8 (A-H, 0-2)

if (my_rank.eq.0) then
open (11, file= ' INPUT.DAT , status="unknown’)
read (11, (a80)’) HEADER
read (11,*) ITER
read (11,*) COND, QVOL
read (11,*) RESID
close (11)
endif

cal| MPI_BCAST (HEADER, 80, MPI_CHARACTER, O, MPI_COMM_WORLD, ierr)

cal| MPI_BCAST (ITER , 1, MPI_INTEGER, O, MPI_COMM_WORLD, ierr)
call MPI_BCAST (COND , 1, MPI_DOUBLE_PRECISION, O,

& MPI_COMM_WORLD, ierr)
call MPI_BCAST (QvOL , 1, MPI_DOUBLE_PRECISION, O,

& MPI_COMM_WORLD, ierr)
cal|l MPI_BCAST (RESID , 1, MPI_DOUBLE_PRECISION, O,

& MPI_COMM_WORLD, ierr)

pfemRarray (1)= RESID
pfemlarray (1)= ITER

return
end
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Avw a2 AN INPUT _GRID (1/3)

subroutine INPUT_GRID
use pfem_ util
implicit REALx8 (A-H, 0-7)

call define_file_name (HEADER, fname, my_rank)
open (11, file= fname, status= 'unknown , form= 'formatted’)

IC

1C— NEIB-PE
read (11, (10i10)") kkk
read (11,’ (10i10)’) NEIBPETOT
al locate (NEIBPE (NEIBPETOT))

read (11,” (10i10)") (NEIBPE(i), i= 1, NEIBPETOT)

do i= 1, NEIBPETOT
if (NEIBPE(i).gt. PETOT-1) then
cal| ERROR_EXIT (202, my_rank)
endif
enddo

16
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DEA Y A TF7AILE -

DEFINE FILE NAME
HEADER+S VU &5, E[FIX108EE THEE

subroutine DEFINE_FILE_NAME (HEADERo, filename, my_rank)

character (len=80) HEADERo, filename
character (len=80) :: HEADER

character (len= 1) :: SUBindexl
character (len= 2) :: SUBindex2
character (len= 3) :: SUBindex3
integer:: LENGTH, ID

HEADER= ad justL (HEADERo)
LENGTH=len_trim(HEADER)

if (my _rank. le.9) then
ID= 1

erte(SUBindex1 . (i1.1)7) my_rank
e}ge éf (my_rank. le. 99) then

erte(SUBindexZ . (i2.2)") my_rank
e}ge éf (my_rank. le. 999) then

erte(SUBindex3 . (i3.3)") my_rank
endif

if (ID.eq.1) ename= HEADER (1:LENGTH) //" . " //SUBindex1

fi //
if (ID.eq.2) filename= HEADER (1:LENGTH)// .  //SUBindex2
if (ID.eq.3) filename= HEADER (1:LENGTH)// .  //SUBindex3

end subroutine define_file_name

17
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allocate, deallocateEzl : CE:iE

#include <stdio. h>
#include <stdlib. h>
void* al locate_vector (int size, int m)

void *a;

if ( (a=(void * )malloc( m * size ) ) == NULL ) {
fpri?¥§(stdout,”Error:Memory does not enough! in vector ¥n”);
exi ;

] .
e al locate % FORTRANE 7 (=
void deal locate_vector (void *a) %ﬂ':béf:&)o)&ﬁ%ﬂ

free( a );

void** allocate matrix(int size, int m, int n)

yoid_**aa:

int i;

if ( (aa=(void ** )malloc( m * sizeof (void%) ) ) == NULL ) {
fpriq?f(stdout,”Error:Memory does not enough! aa in matrix ¥n”);
exi ;

if ( ( aa[0]=(void * )malloc( m * n * size ) ) == NULL ) {
fpriq?f(stdout,”Error:Memory does not enough! in matrix ¥n");
exi ;

for (i=1;i<m; i++) aal[il=(charx)aali-1]+size*n;
return aa;

J

void deal locate_matrix(void **aa)

free( aa );

J
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BAESMT SR (BEEEfEE)

- {131

S
=

1 0 THi8 1D

1 1 BEfEAEIE S NEIBPETOT
0 1 BERESEBLID NEIBPE(neib)
16 12 16 12

1 1 0.00 0.00 0.00 1 0 3.00 0.00 0.00
2 1 1.00 0.00 0.00 2 0 4.00 0.00 0.00
3 1 2.00 0.00 0.00 3 0 5.00 0.00 0.00
4 1 0.00 1.00 0.00 4 0 3.00 1.00 0.00
5 1 1.00 1.00 0.00 5 0 4.00 1.00 0.00
6 1 2.00 1.00 0.00 6 0 5.00 1.00 0.00
7 1 0.00 0.00 1.00 7 0 3.00 0.00 1.00
8 1 1.00 0.00 1.00 8 0 4.00 0.00 1.00
9 1 2.00 0.00 1.00 9 0 5.00 0.00 1.00
10 1 0.00 1.00 1.00 10 0 3.00 1.00 1.00
11 1 1.00 1.00 1.00 11 0 4.00 1.00 1.00
12 1 2.00 1.00 1.00 12 0 5.00 1.00 1.00
1 0 3.00 0.00 0.00 3 1 2.00 0.00 0.00
4 0 3.00 1.00 0.00 6 1 2.00 1.00 0.00
7 0 3.00 0.00 1.00 9 1 2.00 0.00 1.00
10 0 3.00 1.00 1.00 12 1 2.00 1.00 1.00
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Avw a3 AN INPUT _GRID (2/3)

iC-— NODE
read (11,” (10i10)°) NP, N
al locate (XYZ(NP,3), NODE_ID(NP,2))

XYZ= 0.d0
do i=1, NP
read (11,%) NODE_ID(i, 1), NODE_ID(i,2), (XYZ(i,kk), kk=1, 3)
enddo
IC
IG— ELEMENT

read (11,%) ICELTOT, ICELTOT_INT

allocate (ICELNOD (ICELTOT, 8), intELEM_Iist(ICELTOT))
allocate (ELEM_ID (ICELTOT, 2))
read (11,” (10i10)") (NTYPE, i= 1, ICELTOT)
do icel= 1, ICELTOT
read (11,7 (i10,2i5,8i10)') (ELEM_ID(icel, jj), jj=1,2), &
IMAT, (ICELNOD(icel, k), k=1, 8)

enddo

read (11,” (10i10)") (intELEM_list(ic0), icO= 1, IGELTOT_INT)
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RESHEIT - iR

- BFfESILLMEE 1] hoBES{FIT
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RBESHIT : iR

1 ZéAS

|01

1 0

1 1

0 1

16 12 16 12 (Ep#, ARH

1 1 0.00 0.00 0.00 1 0 3.00 0.00 0.00
2 1 1.00 0.00 0.00 2 0 4.00 0.00 0.00
3 1 2.00 0.00 0.00 3 0 5.00 0.00 0.00
4 1 0.00 1.00 0.00 4 0 3.00 1.00 0.00
5 1 1.00 1.00 0.00 5 0 4.00 1.00 0.00
6 1 2.00 1.00 0.00 6 0 5.00 1.00 0.00
7 1 0.00 0.00 1.00 7 0 3.00 0.00 1.00
8 1 1.00 0.00 1.00 8 0 4.00 0.00 1.00
9 1 2.00 0.00 1.00 9 0 5.00 0.00 1.00
10 1 0.00 1.00 1.00 10 0 3.00 1.00 1.00
11 1 1.00 1.00 1.00 11 0 4.00 1.00 1.00
12 1 2.00 1.00 1.00 12 0 5.00 1.00 1.00
1 0 3.00 0.00 0.00 3 1 2.00 0.00 0.00
4 0 3.00 1.00 0.00 6 1 2.00 1.00 0.00
7 0 3.00 0.00 1.00 9 1 2.00 0.00 1.00
10 0 3.00 1.00 1.00 12 1 2.00 1.00 1.00
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RBESHIT : iR

1 ZéAS

)

1 0

1 1

0 1
16 12 16 12

1 1 0.00 0.00 0.00 1 0 3.00 0.00 0.00
2 1 1.00 0.00 0.00 2 0 4 .00 0.00 0.00
3 1 2.00 0.00 0.00 3 0 5.00 0.00 0.00
4 1 0.00 1.00 0.00 4 0 3.00 1.00 0.00
5 1 1.00 1.00 0.00 5 0 4 .00 1.00 0.00
6 1 2.00 1.00 0.00 6 0 5.00 1.00 0.00
7 1 0.00 0.00 1.00 7 0 3.00 0.00 1.00
8 1 1.00 0.00 1.00 8 0 4 .00 0.00 1.00
9 1 2.00 0.00 1.00 9 0 5.00 0.00 1.00
10 1 0.00 1.00 1.00 10 0 3.00 1.00 1.00
11 1 1.00 1.00 1.00 11 0 4 .00 1.00 1.00
12 1 2.00 1.00 1.00 12 0 5.00 1.00 1.00
1 0 3.00 0.00 0.00 3 1 2.00 0.00 0.00
4 0 3.00 1.00 0.00 6 1 2.00 1.00 0.00
7/ 0 3.00 0.00 1.00 9 1 2.00 0.00 1.00
10 0 3.00 1.00 1.00 12 1 2.00 1.00 1.00
FREEE ECTHES BER MEREEEECTODES BEAR
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RBESHIT : iR

1 Zég?v

)

1 0

1 1

0 1
16 12 16 12

1 1 0.00 0.00 0.00 1 0 3.00 0.00 0.00

2 1 1.00 0.00 0.00 2 0 4 .00 0.00 0.00

3 1 2.00 0.00 0.00 3 0 5.00 0.00 0.00

4 1 0.00 1.00 0.00 4 0 3.00 1.00 0.00

5 1 1.00 1.00 0.00 5 0 4 .00 1.00 0.00

6 1 2.00 1.00 0.00 6 0 5.00 1.00 0.00

7 1 0.00 0.00 1.00 7 0 3.00 0.00 1.00

8 1 1.00 0.00 1.00 8 0 4 .00 0.00 1.00

9 1 2.00 0.00 1.00 9 0 5.00 0.00 1.00

10 1 0.00 1.00 1.00 10 0 3.00 1.00 1.00

11 1 1.00 1.00 1.00 11 0 4 .00 1.00 1.00

12 1 2.00 1.00 1.00 12 0 5.00 1.00 1.00 (
1 0 3.00 0.00 0.00 3 1 2.00 0.00 0.00 (3
4 0 3.00 1.00 0.00 6 1 2.00 1.00 0.00 (4
7/ 0 3.00 0.00 1.00 9 1 2.00 0.00 1.00 {5
10 0 3.00 1.00 1.00 12 1 2.00 1.00 1.00 (6

FREEE ECTHES BER MEREEEECTODES BEAR
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Avw a3 AN INPUT _GRID (2/3)

IC-— NODE
read (11,’ (10i10)") NP, N
allocate (XYZ(NP,3), NODE_ID(NP, 2))

XYZ= 0.d0
do i=1, NP
read (11,%) NODE_ID(i, 1), NODE_ID(i,2), (XYZ(i,kk), kk=1,3)
enddo
IC
1G— ELEMENT

read (11,%) [ICELTOT, ICELTOT_INT

al locate (ICELNOD (ICELTOT, 8), intELEM_|ist (ICELTOT))

al locate (ELEM_ID (ICELTOT,2))

read (11, (10i10)") (NTYPE, i= 1, ICELTOT)

do icel= 1, ICELTOT
read (11, (i10,2i5,8i10)") (ELEM_ID(icel, jj), jj=1,2), &
” IMAT, (ICELNOD(icel, k), k=1, 8)

enddo

read (11, (10i10)") (intELEM_list(ic0), icO= 1, ICELTOT_INT)
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R&SIT . X

711

(O]

3 2 3 3 (2EFx HEHFARER)

361 361 361 361 361 361
1 1 1 1 2 5 4 7 8 11 10 1 0 1 13 1 4 14 15 7 10 16
2 1 1 2 3 6 5 8 9 12 11 2 0 1 1 2 5 4 7 8 11 10
1 0 1 3 13 14 6 9 15 16 12 3 0 1 2 3 66 5 8 9 12 11
1 2 1 2 3
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- BEDHADFHEY HHEEICE > TRE
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R&SIT . X

- 1131

3 2 3 3

361 361 361 361 361 361 (BELSA4 T, 2EH)
1 1 1 1 2 5 4 7 8 11 10 1 0 1 13 1 4 14 15 7 10 16
2 1 1 2 3 6 5 8 9 12 11 2 0 1 1 2 5 4 7 8 11 10
1 0 1 3 13 14 6 9 15 16 12 3 0 1 2 3 6 5 8 9 12 11
1 2 1 2 3
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R&SIT . X

- 1731

3 2 3 3

361 361 361 361 361 361
1 1 1 1 2 5 4 7 8 11 10 1 1 0 1 13 1 4 14 15
2 1 1 2 3 6 5 8 9 12 11 2 2 0 1 1 2 5 4 7
1 0 1 3 13 14 6 9 15 16 12 3 3 0 1 2 3 6 5 8
1 2 1 2 3

EXR([ZDULVT H Double Numbering

- REDAEBEE TOREMERES

— FhEfREE =

MMES

S8E D& =

VBOFETIETRAED ERrEREBES] =EH

10 16
11 10
12 11

[WIN[F-
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Avw a2 AN INPUT _GRID (3/3)

IC— COMMUNICATION table
al locate (IMPORT_INDEX (0:NEIBPETOT))
al locate (EXPORT_INDEX (0:NEIBPETOT))

IMPORT_INDEX= 0
EXPORT_INDEX= 0

if (PETOT.ne.1) then

read (11,’ (10i10)') (IMPORT_INDEX(i), i= 1, NEIBPETOT)
nn= IMPORT_INDEX (NEIBPETOT)

al locate (IMPORT_ITEM(nn))

do i= 1, nn

read (11,*) IMPORT_ITEM(i)

enddo

read (11,” (10i10)") (EXPORT_INDEX(i), i= 1, NEIBPETOT)
nn= EXPORT_INDEX (NEIBPETOT)
al locate (EXPORT_ITEM(nn))
do i=1, nn
read (11,*) EXPORT_ITEM(i)
enddo
endif
IC— NODE grp. info.
read (11, (10i10)’) NODGRPtot
allocate (NODGRP_INDEX (0:NODGRPtot), NODGRP_NAME (NODGRPtot))
NODGRP_INDEX= 0

read (11,” (10i10)") (NODGRP_INDEX (i), i= 1, NODGRPtot)
nn= NODGRP_INDEX (NODGRPtot)
allocate (NODGRP_ITEM(nn))

do k= 1, NODGRPtot
iS= NODGRP_INDEX (k-1) + 1
iE= NODGRP_INDEX (k )
read (11, (a80)') NODGRP_NAME (k)
nn= iE - iS + 1
if (nn.ne.0) then
read (11, (10i10)") (NODGRP_ITEM (kk), kk=iS, iE)
endif
enddo
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PRIE LA E
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L=t D,
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—fRIESh-@EET—T L1518

« EEMEF
— NEIBPETOT, NEIBPE(neib)
FNETNOEERFIZEDIAYE—IH AKX
— export_index(neib), neib= 0, NEIBPETOT

s IRRFAIES
— export_item(k), k= 1, export_index(NEIBPETOT)

ENENDEEHEFICELAVE—D
— SENDDbuf(k), k=1, export_index(NEIBPETOT)
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1%18 (MPI Isend/Irecv/Waitall)

neib#1 neib#2 neib#3 neib#4
@ @ @
}4 L i L L] P‘
BUFlength_e BUFlength_e BUFlength_e BUFlength_e
export_index(0)+1 export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export index(neib)
kk= export_item(k)

SENDbuf(k)= Kk e o X
enddn T OT VALK EIENYTFADKA
enddo BELGEDEHZTEREE, ZEICHE
do neib= 1, NEIBPETOT YD TIFEL, CDEI%E/ Ny T7A~A—[H]
1IS_e= export_index(neib-1) + 1 ﬁj\bfﬁ'f%:'d'%):&jé@]&)éo

1IE_e= export_index(neib )
BUFlength e= 1IE e + 1 - 1S e

call MPI_ISEND &
& (SENDbuf(iS_e), BUFlength e, MPI_INTEGER, NEIBPE(neib), 0,&

MP1_COMM_WORLD, request _send(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request send, stat recv, ierr)
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—ieSnT-BIET—T IV 21{E

ZIEHEF
— NEIBPETOT, NEIBPE(neib)
TNENDZERFENOZITROAYE—DH (X
— Import_index(neib), neib= 0, NEIBPETOT

N RI1ES

— import_item(k), k= 1, import_index(NEIBPETOT)
FTNENDRERFHSRITMEAvE—S

— RECVbuf(k), k=1, import_index(NEIBPETOT)
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BIET—TIL(Z{E)

4 4 import_index(neib) S{EHi MK

13 0 13 1 import_item HiRES, fEiE
14 0 14 1

15 0 15 1

16 0 16 1

4 4 export_index(neib)

3 1 export_item

6 4

o) 7

12 10

o import_index B EEMEENOZIET O RN
(RFEZ
— IR PR Bl

« import_item SRDES, AT

L
T
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218 (MPI Isend/Irecv/Waitall)

do neib= 1, NEIBPETOT
1IS_1= 1Import_index(neib-1)
1IE_1= 1mport_index(neib )
BUFlength 1= 1E 1 + 1 - 1S_

+ 1

call MPI1_IRECV &

& (RECVbuf(iS_i1), BUFlength i, MPI_INTEGER, NEIBPE(neib), 0,&
& MPI1_COMM_WORLD, request_recv(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request _recv, stat recv, 1err)

do neib= 1, NEIBPETOT

do k= import_index(neib-1)+1, import_index(neib)
kk= 1mport_item(k)

VAL(kk)= RECVbuf(k) ZENYITFHLHKA
enddo
enddo
RECVbuf
neib#1 neib#2 neib#3 neib#4
o o
}‘ BUFlength_i + BUFlength_i i BUFlength_i i BUFlength_i i

import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)
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Internal nodes - elements - external nodes

Node-based Partitioning

PE#1 PE#0
21 22 23 24 25
Q Q Q @ o
17 118 19
160 O O O 020
12 | L13 14
1@ L O O O15
7 8 9
6@ ® @, QO 010
@ ® O O O
1 2 3 4 5
PE#3 PE#2

PE#1
4 5 6 12
O—O0—0—=0
1 O—O——C0O—011
2 3
e—0 00—
7 8 9 10
110 12
O——C0O0—=0
5—0 —09
36—0—038
@ O
1 1

39

15 6 7
O—O0—=0

PE#0
O—O——0—=0
14 1 5
O —O——0—=0
10 1 3
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PE-to-PE comm. : Local Data

PE#0 2
14 T3 T4 5 2
[° ] 3 0
0 1 J2 ] (HER)
X 3 6
"m0 12 8 s 11 1 7 3
09 11 10 3
5 6 g A\ \I/ 9 O
11 0
30—010 8 8 44(?5—(?6 12 0
AP D | P - 2 S
1 2 7 7 1 2 3 1
4
5 6 7 4
PE#0 g
14 13 |4 L

10 1 2 3
A\
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41

PE-to-PE comm. : Local Data

PE#0

PE#2

2 FEI 1D

2 Bk 22 pE 15 &L

3 O [EfEeaiE
(FBR)

3 6

7 3

8 3

10 3

9 0

11 0

12 0

2 5

1

4

4

5

6
NEIBPE= 2

NEIBPE[0]=3, NEIBPE[1]= O
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PE-to-PE comm. : SEND

MT3T 5

RN (HHEg)

=

e
OURDRENNRPOOONW WNN

OIOCO0OO0OWWWoy O

PE#2 export_index

export _index[0]= O
export _index[1l]= 2
export _index[2]= 2+3 = 5

export _i1tem[0-4]=1,4,4,5,6

ABZDEBAIF2DONMEEIZESND
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PE-to-PE comm. : RECV

PE#0

2
2
4 I3 T4 5
[l 3 0
RORERE (FREg)
3 6 1mport_index
7 3
8 3
10 3
9 0]
11 0]
12 0]
PE#2 2 5
1
4
5 6 7 4
5
6

import _index[0]= O
import _index[1]= 3
import _index[2]= 3+3 = 6

import_item[0-5]=7.,8,10,9,11,12
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NHBRERZEZDONE : J07 5 L

o HHE
— THIEN 25 S EE A+ 3A A
— FERESEHIAA>ERER (NEIRE, NE: EXRH)
— BN (2T U R, ERET NI R)
—EFE>32T M) RTYETS (Index, Item)

e X MUY RER

— BRBEAMOMNE (doicel=1, NE)
« ERV NI Y REHE
e PRI MY D RADEREDHE

— i”‘ﬁ HnnE

—RARERN
kBkdix (CG)
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testl

AoT7agS5 4

170y YDiEE

(heat3D) &
HBHELY

[FEAEE

=RJTi

15| ZE

EfEfra—k
heat3Dp

input_cntl
HEHT—2A N

input_grid
Ay, aTJ7AILAT

mat_con0
THARITAE TR

mat_conl
THARITAE TR

mat_ass_main
1% 50475 & R

mat_ass_bc
EREHNE

define_file_name
BRI774IL4

solvell
S AN | A1 i

mSORT
VJ—k

find_node

ERERER

jacobi
YaET7 U R E

Ccg
CGEEtE

output_ucd
AJfRIE AL
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T YO RERMET

o —RITTNDE EIL, index, item(ZBHE L -5 EFE
BIZEAZ LMNTET:

— JEEAIERABRMT DET2
—- BENBRIIHLT : +1&-1

¢« ZRTDIFFIEH > LEH
- EFOERBEBIOYIDEIIT~26 FBREDHIK)
— ERIEXE - EEH
— BILLT, EFOFE[RBEITO VI DEIIHHN S AL
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T YO RERMET

e —ITDE =L, index, itemIZBHE L F-1EH %
HIZESZENTET:
— EFOERAREL DEIL2
— BENEHAITHLT : +1&-1
c ZRTDEEIETH - LEH
- EFOERBFIO VI DEIL7T~26 GREDRIK)
- ERIFEL - LEH
— HILLT, EFOERAIO VY DOEITHA DL
e INLU(N), IALU(N,NLU) Z{# > TIEE OIER AR
NEEFEHIZHIET S
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AL

program heat3Dp

use solver1l
use pfem_ util

implicit REAL*8 (A-H, 0-2)
cal | PFEM_INIT

cal |l INPUT_CNTL
call INPUT_GRID

cal | NAT_CONO
cal | NAT_CONT
call AT ASS_MAIN MAT_CONO:

cal | MAT_ASS_BC
cal |l SOLVE11

cal | OUTPUT_UCD
cal | PFEM_FINALIZE

MAT CONT1:

end program heat3Dp

IH

INLU, IALU& L
index, item4
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MAT CONO : &K

do icel= 1, ICELTOT (-1+1,+1) (+1,+1,+1)
SE R EDEFRL B
INL, INU, IAL, IAU%4RE
(FIND_NODE) (~1-1+1) (+1-1,+1)
enddo
(+1,+1,-1)
.¢)=(-1-1-1 1-1-1
&) an @ @ (&.n.¢)=( ) (+ )
7 8 9
N D\ A
O—10—10—
4 5 6

@
®
O
©,

[—
IN
[¢8)
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FHARYT T4 ET 4 &R “
MAT CONO (1/4)

;8***
I Cxx+ MAT_CONO
| Gtk
C subroutine MAT_CONO NLU:
S T tEAle (A-H,0-2) BHRIEHTS
implici * -H, 0- ° s
L OIEXBRD
NLU= 26 @B%j(’ﬁﬂ
allocate (INLU(NP), IALU(NP, NLU)) GEET A EED)
INLU= 0
IALU= 0
SOEBEDISEE X
HMh>TLNADT,
ZNDEIIZTES
REHDIGEDEE:

=L R—bFERE
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THNARD T4 ET 4 ER
MAT CONO (1/4)

I
ig***
I Cx+x MAT_CONO
!8***
I
' subroutine MAT_CONO
use pfem util
implicit REALx8 (A-H, 0-2)
NLU= 26
allocate (INLU(NP), IALU(NP,NLU))
INLU= 0
IALU= 0 ” . .
P B4 X A =®
BET R DIEFIER AR
INLU (NP) B
BET R DIEFIER AR
[ALU (NP NL) | 5% piz s
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THNARD T4 ET 4 ER

MAT CONO (2/4)

do icel= 1, ICELTOT

inl=
in2=
in3=
ind=
ino5=
in6=
ini=
in8=

ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,

, in2)
, in3)
, ind)
, inb)
, in6)
,in7)
,in8)

,in1)
, in3)
, ind)
, inb)
, in6)
,in7)
,in8)

,in1)
,in2)
, ind)
, inb)
, in6)
,in7)
, in8)

(-1+1,+1)

(-1-1+1)

(&n.¢)=(-1-1-1)

(+1,+1,+1)
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EiHSIEZER : FIND TS NODE

INL,INU,IAL,JAUIEZE | —RITTIEZ DT FF)

I Gk
ICx+x FIND TS _NODE
| Coksksk
IC
subroutine FIND TS _NODE (ip1, ip2)

do kk= 1, INLU(ip1)

if (ip2.eq. IALU(ip1, kk)) return
enddo

icou= INLU(ip1) + 1

IALU (ip1, icou)= ip2

INLU (ip1 )= icou
return

end subroutine FIND_TS_NODE

ZHE | HM1X N &
’l'h'E % - o
INLU (NP) fi;;n“oagFﬂugFiffﬁﬁk
SERDIEFTIERAR
LU (P NLD o i)
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EiHSIEZER : FIND TS NODE
RITTIIZOERIIFH

IC
| Coksksk
ICx+x FIND TS _NODE
| Coksksk
IC
subroutine FIND TS _NODE (ip1, ip2)
do ke 1, INUCDD BXICIALUIZEEN TS
if (ip2.eq. ipl, return . o
enddo LRI ROXTA

icou= INLU(ip1) + 1
IALU (ip1, icou)= ip2
INLU (ip1 )= icou

return

end subroutine FIND_TS_NODE
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IC
| Coksksk

TE¥ERE : FIND TS NODE

RITTIEZ DE R IELFEL

IC+x*x FIND TS _NODE

| Coksksk
IC

subroutine FIND TS _NODE (ip1, ip2)
do kk= 1, INLU(ip1)

if (ip2.eq. IALU(ip1, kk)) return
enddo

icou= INLU(ip1) + 1

IALU (ip1, icou)= ip2

INLU (ip1 )= icou
return

end subroutine FIND_TS_NODE

IALUIZE E N TLVELY
BEIL, INLUIZ1ZMAT
IALUIZ#& $k
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 75aRI T4 ET 4 LR
MAT CONO (3/4)

FIND_TS_NODE (in4, ini
FIND_TS_NODE (in4, in2
FIND_TS_NODE (in4, in3

| -

| _

| ] (-1+1,+1)
caII FIND_TS_NODE (in4, in5

| _

| -

(+1,+1,+1)

IND TS NOBE (ind: ne

| N4, 1IN ~1_

FIND_TS_NODE (in4. in8 (-1-1+1) (+1,-1,+1)
| FIND_TS_NODE (in5, int
| FIND_TS_NODE (in5. in2
| FIND_TS_NODE (in5. in3

caII FIND_TS
|
|

_NODE (inb, in4
cal| FIND_TS_NODE (in5, in6 - /
cal| FIND_TS_NODE (in5, in7
call FIND_TS_NODE (inb, in8 (&n,¢)=(-1-1-1) (+1-1-1)

| FIND_TS_NODE (in6, inT
| FIND_TS_NODE (in6, in2
| FIND_TS_NODE (in6, in3
call FIND_TS_NODE (in6, in4
| FIND_TS_NODE (in6, in5
| FIND_TS_NODE (in6, in7
| FIND_TS_NODE (in6, in8

| FIND_TS_NODE (in7, inT
| FIND_TS_NODE (in7, in2
| FIND_TS_NODE (in7, in3
call FIND_TS_NODE (in7, in4
| FIND_TS_NODE (in7, in5
| FIND_TS_NODE (in7, in6
| FIND_TS_NODE (in7, in8



 FEaRI T4 ET 4 R
MAT CONO (4/4)

T8 g8 )

B ing, in . s

—%—NSBE ging, i”ﬁ% BEIRIZHELT, IALUJI][K] D
Ino, 1IN ~

“TS_NODE (in8. in5) INEWEBE SO KEWNESIZ

call FIND
call FIND
call FIND
call FIND
call FIND
call FIND
call FIND

TS_NODE (in8. in6 R < TS
TS_NODE 828, 5273 A SNEDIZY— (BHEL/NT )L —R)

enddo s
BULEVI00EEDEDZEY—RT 5
do in=1, N
NN= INLU (in)
do k=1, NN
NCOL1 (k)= TALU(in, k)
enddo
call mSORT (NCOL1, NCOL2, NN)
do k= NN, 1, -1
IALU (in, NN-k+1)= NCOL1 (NCOL2 (k) )
enddo

enddo
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CRSHEZXADZE#: : MAT CONL1

IC
| Coksksk
| Coksksk
| Coksksk
IC

MAT_CON1

subroutine MAT_CON1
use pfem_ util
implicit REAL*8 (A-H, 0-2)

al locate (index (0:NP))
index= 0

do i=1,
|ndex(|)— index (i—-1) + INLU(i)
enddo

NPLU= index (NP)
al locate (item(NPLU))

do i= 1, NP
do k=1, INLU(i)
kk = k + index (i-1)
i tem (kk) = TALU (i, k)
enddo
enddo

deallocate (INLU, IALU)
end subroutine MAT_CON1

C

index[i +1] = Z INLU[K]

index[0]=0 .

FORTRAN

index(i) = 2 INLU(K)
k=1

index(0) =0
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CRSHEZXADZE#: : MAT CONL1

IC
| Coksksk
| Coksksk
| Coksksk
IC

MAT_CON1

subroutine MAT_CON1
use pfem_ util
implicit REAL*8 (A-H, 0-2)

al locate (index (0:NP))
index= 0

do i=1, NP
index (i)= index(i-1) + INLU(i)
enddo

NPLU= index (NP)
allocate (item(NPLU))

do i= 1, NP
do k=1, INLU(i)
kk = k + index (i-1)
i tem (kk) = TALU (i, k)
enddo
enddo

deallocate (INLU, IALU)
end subroutine MAT_CON1

NPLU=index(NP)
itemD Y4 X
JEE O 3Ext A R 4

/N K
(] {TiAY
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CRSH.XADZEHE : MAT_CONL1

IC
| Coksksk
| Coksksk
| Coksksk
IC

MAT_CON1

subroutine MAT_CON1
use pfem_ util
implicit REAL*8 (A-H, 0-2)

al locate (index (0:NP))
index= 0

do i=1, NP
index (i)= index(i-1) + INLU(i)
enddo

NPLU= index (NP)
allocate (item(NPLU))

do i=1, NP
do k= 1, INLUC(i)
kk = k + index(i-1)
item (kk) = IALU (i, k)
enddo
enddo

deallocate (INLU, IALU)
end subroutine MAT_CON1

itemIZ1MSIRES

HRBESZLRE
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CRSH.XADZEHE : MAT_CONL1

IC
| Coksksk
| Coksksk
| Coksksk
IC

MAT_CON1

subroutine MAT_CON1
use pfem_ util
implicit REAL*8 (A-H, 0-2)

al locate (index (0:NP))
index= 0

do i=1, NP
index (i)= index(i-1) + INLU(i)
enddo

NPLU= index (NP)
al locate (item(NPLU))

do i= 1, NP
do k=1, INLU(i)
kk = k + index (i-1)
i tem (kk) = TALU (i, k)
enddo
enddo

deal locate (INLU, IALU)
end subroutine MAT_CON1

NBIEHFTOFRE
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program heat3Dp

use solver1l
use pfem util

implicit REAL=8 (A-H, 0-2)
cal | PFEM_INIT

cal | INPUT_CNTL

call INPUT_GRID

cal | MAT_CONO
cal | MAT_CON1

cal| MAT_ASS_MAIN
cal| MAT_ASS_BC

call SOLVE11
call OUTPUT_UCD
call PFEM_FINALIZE

end program heat3Dp

AL

IH
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MAT ASS MAIN : &4k

do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
HORE SR (8E) (2HI1TSHIKEHE,
BLUZTD TBREER] ITEIT5MaDEH
enddo
enddo
enddo

do icel= 1, ICELTOT

BEIMDEZEMN D, AIABARIZEITSH, BHRERO 2EERR] I2H1T5M7,

BXUVaET7 U ZEH (JACBI)

do ie= 1, 8
do je=1, 8
LARERES : ip, Jp
Ay pRitemlUIZE1F57 KL R - kk

do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
EXEO=>ERTIEREE, 2&KTI~DRLIH
enddo
enddo
enddo
enddo
enddo
enddo

O|0|0|0|0|0|0|0
O|O0|0|0|0|0|0|0
O|O0|0|0|0|0|0|0O
O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|0|@|O|O |
O|0|0|0|0|0|0|0
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ZE4T5] : MAT ASS MAIN (1/6)

| Cokoksk
ICx+x MAT_ASS_MAIN
| Cokoksk
IC
subroutine MAT_ASS_MAIN
use pfem_util
implicit REAL*8 (A-H, 0-2)
integer (kind=kint), dimension( 8) :: nodLOCAL

al locate (AMAT (NPLU))
allocate (B(NP), D(NP), X(NP))

AMAT= 0. d0 FEI75 EFEAAMS)
B= 0. d0 HIRY L
X= 0. d0 REBARY R L
D= 0.d0 &7 HERLS)

WEI (1)= +1. 0000000000D+00

WEI (2)= +1. 0000000000D+00

POS (1)= -0. 5773502692D+00

POS (2)= +0. 5773502692D+00
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%475 : MAT ASS MAIN (1/6)

IC
| Gk
| Gk
| Gk
IC

MAT_ASS_MAIN

subroutine MAT_ASS_MAIN
use pfem_ util
implicit REALx8 (A-H, 0-7)

integer (kind=kint), dimension( 8) ::

allocate (AMAT (NPLU))
allocate (B(NP), D(NP), X(NP))

AMAT= 0. d0

B= 0.d0

X=0.d0

D= 0.d0
WEI (1)= +1. 0000000000D+00
WEI (2)= +1. 0000000000D+00
P0OS (1)= -0. 5773502692D+00
P0S (2)= +0. 5773502692D+00
. =%= oh
POS: 9O mERE

WEI: EHAZRE

nodLOCAL
REITH GEZIEXBRES)
HARNYT ~L
*%ﬂ* Y kL n=2
REITH GHAERS)
(—1,1) (1,1)
0 '3
(—1, —1) (1, —1)
Wos+a  EBHEEW

0.57735 02692 1.00000 00000
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ZE1TH] : MAT ASS MAIN (2/6)

iC— INIT.

IC PNQ - 1st-order derivative of shape function by QSI
IC PNE - 1st-order derivative of shape function by ETA
;8 PNT - 1st-order derivative of shape function by ZET

do kp= 2
do jp=1, 2
do ip=1, 2

QP1=1.d0 + POS(ip)
QM1=1.d0 - POS(ip)
EP1= }.dO + POS (jp)
1
1

EM1=1.d0 - POS(jp)
TP1=1.d0 + POS (kp)
TM1=1.d0 - POS (kp)

SHAPE (ip, jp, k
SHAPE (ip, jp, k
SHAPE (ip, jp, k

, kp, 8th *x QM1 x EM1 * TM1
’ p7
. 4 ’ p7
SHAPE (ip, jp, kp,
’ p7
’ p7
’ p7

0

08th * QP1 * EM1 = TM1
08th * QP1 * EP1 = TM1
08th * QM1 * EP1 = TM1
08th * QM1 * EM1 = TP1
08th * QP1 * EM1 = TP1
08th * QP1 * EP1 * TP1

SHAPE (ip, jp, k
SHAPE (ip, jp, k
SHAPE (ip, jp, k

~NoOoihwN—
NN
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ZE4TH : MAT ASS MAIN (2/6)

iC— INIT.

IC PNQ - 1st-order derivative of shape function by QSI
IC PNE - 1st-order derivative of shape function by ETA
;8 PNT - 1st-order derivative of shape function by ZET

do kp=1, 2

do jp=1, 2
do ip=1, 2

o= 180 = PoR (I QP(i)
)

1

aM1=1
EP1= }.dO + POS (jp)

1

1

(1+¢&) QMi)=(1-¢)
i =PU)=Qer) EM)

TM1= 1.d0 - POS (kp) TP1(k)=(1+§k), TMl(k)z(l—Jk)

SHAPE (ip, jp, kp, 08th = QM1 = EM1 = TM1
SHAPE (ip, jp, kp, 08th = QP1 = EM1 = TM1
SHAPE (ip, jp, kp, 08th = QP1 = EP1 * TMI
SHAPE (ip, jp, kp, 08th = QM1 = EP1 = TM1
SHAPE (ip, jp, kp, 08th = QM1 = EM1 * TP1
SHAPE (ip, jp, kp, 08th = QP1 = EM1 * TP1
SHAPE (ip, jp, kp, 08th = QP1 * EP1 * TP1

~NoOoihwN—
NN
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ZE4TH : MAT ASS MAIN (2/6)

iC— INIT.

IC PNQ - 1st-order derivative of shape function by QSI
IC PNE - 1st-order derivative of shape function by ETA
IC PNT - 1st-order derivative of shape function by ZET

ic
do kp=1, 2
do jp=1, 2
do ip=1, 2
Qil= 140 = oS (i
EP1= 1.d0 + POS(jp) (~1+1,+1) (+1+1+1)
Th1= 140 + POS iy
= . =+ p
M= 1.d0 - POS (kp) (-1-1,+1) (+1-1+1)

SHAPE (ip, jp, kp, 1)= 08th * QM1 * EM1 * TM1
SHAPE (ip, jp, kp, 2)= 08th * QP1 * EM1 * TM1
SHAPE (ip, jp, kp, 3)= 08th * QP1 * EP1 * TM1
SHAPE (ip, jp, kp, 4)= 08th * QM1 * EP1 * TM1
SHAPE (ip, jp, kp, 5)= 08th * QM1 * EM1 * TP1
SHAPE (ip, jp, kp, 6)= 08th * QP1 * EM1 * TP1
SHAPE(ip, Jp. kp, 7)= 08th * QP1 * EP1 * TP1 (5177,4’):(_1,_1’_1) (+1’_1’_1)
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ZE4TH : MAT ASS MAIN (2/6)

'C—— INIT.

IC PNQ - 1st-order derivative of shape function by QSI 1
IC PNE - 1st-order derivati f sh functi by ETA N 1, =—(1- 1- 1-
SR i st of s tion o (6. ¢) =g U-gl-mlt=¢)
do kp=1, 2 N,(&,n,8) == (1+§)( n)l-¢)
jp=1, 2
do ip=1, 2
e 1.4y » (Y N, (£7,¢)== (1+§)(1+n)(1 ¢)
EP1= 1.d0 + POS(jp)
5 ol T
THi= 17d0 - POS (kp) N,(&,n,Q) =§(1—§)(1+77)(1—§)

SHAPE (ip, jp, kp, 1)= 08th * QM1 * EM1 * TM1
SHAPE (ip, jp, kp, 2)= 08th * QP1 * EM1 * TM1

SHAPE (ip. Jp. kp. 3)= 08th * QP1 * EP1 * THI YA

SHAPE (ip. ip. kp. 2= 08th * QM1 * EP1 % TMI N.(&,n,¢) = (1 ENL-n)1+¢)
SHAPE (ip. Jp. kp. 5)= 08th * QM1 * EM1 * TP1

SHAPE (ip. Jp. kp. 6)= 08th * QP1 * EM1 * TP1

SHAPE (ip, Jp, kp, 7)= 08th * QP1 * EP1 * TP1 Ne(E,n,8) = (1+f)( 77)(1+§)

N, (&m1,¢) == (1+§)(1+77)(1+C)
Ng(£,7,) =§(1—§)(1+n)(1+4“)
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ZE4T5 . MAT ASS MAIN (3/6)

PO (1 E" 3= % ath + £l + Tl
Jp' p = + *k *k
PNQ (ip. kp, 3)= + 08th * EP1 * TNI PNQ(Jk)‘ '(5 &n=n,,6=¢)
PNQ (jp. kp, 4)= - 08th * EP1 * T 5
PNQ (jp, kp, 5)= — 08th * EM1 * TP1
PN (1o kb 9= T 08tk % EP1 + T PNE(i k) = MV
1P, Kb, -t * o =— = C. = . =
PNQ (jp. kp. 8)= — 08th * EP1 * TPI (1,k) 5 (&= m=1;,6 =)
PNE (ip, kp, 1)= - 08th * QM1 * TMi n
PNE (1o kb 5= & 08tk * Qp1 + T oN
|p, p = + *k *k - -
PNE (ip kp. 4)= + 08th * QM1 * THI PNT(i, j)=—2>(=&.1=1,.{ =)
PNE (ip. kp, 5)= - 08th * QM1 * TP1 o¢
PNE (ip. kp. 6)= — 08th * QP1 * TP
PNE (ip. kp. 7)= + 08th * QP1 * TP
T (1p b 8 R O * 1
Ip, Jp, 1)= - * * 1 = —— =
PNT (ip. ip. 2)= - 08th * QP1 * EM 5 (Sh775,64) = 8( 77,-)(1 $v)
PNT (ip. ip. 3)= - 08th * QP1 * EP1
BEEA gn i e
ip, jp, 5)= + * QM1 * N, _
PNT (ip. jo. 6)= + 08th * QP1 * EMI (G 75:6) =+5 ﬁl 771)61 ¢y)
PNT (ip. jp. 7)= + 08th * QP1  EP1 5
PAT (i, Jp, 8)= + 08th QNI  EP1
enado
enggo ; (é:l’nj'é/k) 3 (1+77jxl_é/k)
enado
do icel= 1, ICELTOT
CONDO= COND ;(éﬁp40=— (+mXP{U

inf= IGELNOD (icel, 1)
i S DR — R
ind= ICELNOD (icel’ 4 (S 71, Ck) 1SR SRR D —BEB S
inb= ICELNOD (icel. 5)
in6= ICELNOD (icel. 6)

in7= IGELNOD (icel, 7)
in8= ICELNOD (icel, 8)
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REITH

PNQ (jp, kp, 1)= — 08th * EM1
PNQ (jp, kp, 2)= + 08th * EM1
PNQ (jp, kp, 3)= + 08th * EP1
PNQ (jp, kp, 4)= — 08th * EP1
PNQ (jp, kp, 5)= — 08th * EM1
PNQ (jp, kp, 6)= + 08th * EM1
PNQ (jp, kp, 7)= + 08th * EP1
PNQ (jp, kp, 8)= — 08th * EP1
PNE (ip, kp, 1)= — 08th * QM1
PNE (ip, kp, 2)= — 08th * QP1
PNE (ip, kp, 3)= + 08th * QP1
PNE (ip, kp, 4)= + 08th * QM1
PNE (ip, kp, 5)= — 08th * QM1
PNE (ip, kp, 6)= — 08th * QP1
PNE (ip, kp, 7)= + 08th * QP1
PNE (ip, kp, 8)= + 08th * QM1
PNT (ip, jp, 1)= — 08th * QM1
PNT (ip, jp, 2)= — 08th * QP1
PNT (ip, jp, 3)= — 08th * QP1
PNT (ip, jp, 4)= — 08th * QM1
PNT (ip, jp, 5)= + 08th * QM1
PNT (ip, jp, 6)= + 08th * QP1
PNT (ip, jp, 7)= + 08th * QP1
PNT (ip, jp, 8)= + 08th * QM1

enddo

enddo

enddo

do icel=1, ICELTOT
CONDO= GOND

in1= ICELNOD (icel,
in2= ICELNOD (icel,
in3= ICELNOD (icel,
in4= ICELNOD (icel,
in5= ICELNOD (icel,
in6= ICELNOD (icel,
in7= ICELNOD (icel,
in8= ICELNOD (icel,

MAT ASS MAIN (3/6)

* TM1
* TM1
* TM1
* TM1
* TP1
* TP1
* TP1
* TP1
* TM1
* TM1
* TM1
* TM1
* TP1
* TP1
* TP1
* TP1
* EM1
* EM1
* EP1
* EP1
* EM1
* EM1
* EP1
* EP1

(-1+1+1) (+1,+1,+1)

(F1=1+1)

(&.1.¢)=(-1-1-1)

71
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RE1TS

Qo 2o o

nodLOCAL (1
nodLOCAL (2
nodLOCAL (3
nodLOCAL (4
nodLOCAL (5
nodLOCAL (6
nodLOCAL (7
nodLOCAL (8) =

)
)
)
)
)
)
)

X1= XYZ (in1,
X2= XYZ (in2,
X3= XYZ (ing,
X4= XYZ (in4,
X5= XYZ (inb,
X6= XYZ (in6,
X7= XYZ (in7,
X8= XYZ (in8,
Y1= XYZ(in1,
Y2= XYZ(in2,
Y3= XYZ(in3,
Y4= XYZ (in4,
Y5= XYZ (inb,
Y6= XYZ(in6,
Y7= XYZ(inT,

Y8= XYZ(in8,

inl
in2
in3
in4
inb 8
in6
in/
in8

P N N N N N e P e e s e e g

l\)l\)l\)l\)l\)l\)l\)l\)—‘—*—k—k—k—n—m—x

MAT ASS MAIN (4/6)

3
S
3
i
i

QVC= 08th * (X1+X2+X3+X4+X5+X6+X7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)

Z1= XYZ(in1,
22= XYZ(in2,

Z3= XYZ(in3,

Z4= XYZ(in4, 3)

Z5= XYZ(inb,
26= XYZ(in6,
Z7= XYZ(inT,

3)
3)

3)
Z8= XYZ(in8, 3)

call JACOBI (DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
21, 72, 13, 4,

PNT, PNX, PNY, PNZ,

X5, X6, X7, X8,
Y5, Y6, Y7, Y8,
Z5, 76, 71, 18)

(-1,+1,+1)

(-1-1,+1)

(&.n.¢)=(-1-1-1)

Qo o o

(+1,+1,+1)
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ZE4TH : MAT ASS MAIN (4/6)

Qo o o

nodLOCAL (1)= in1

nodLOCAL (2)= in2

nodLOCAL (3)= in3

nodLOCAL (4)= in4

nodLOCAL (5)= inb

nodLOCAL (6)= in6

nodLOCAL (7)= in7

nodLOCAL (8)= in8

X1= XYZ (int1, 1)

X2= XYZ(in2, 1)

Xz XYz (ing 1

= N4, Ihe

X5= XYZ(in5. 1) SEN L D XEEFE
X6= XYZ(in6, 1)

X7= XYZ (in7,1)

X8= XYZ(in8, 1)

Y1= XYZ(in1, 2)
Y2= XYZ(in2, 2)
Y3= XYZ(in3, 2)
Y4= XYZ(in4, 2)
Y5= XYZ(inb, 2)
Y6= XYZ(in6, 2)
Y7= XYZ(in1, 2)
Y8= XYZ(in8, 2)

QVC= 08th * (X1+X2+X3+X4+X5+X6+X7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)

Z1= XYZ(in1, 3)
Z2= XYZ(in2, 3)
Z3= XYZ(in3, 3)
Z4= XYZ(in4, 3)
Z5= XYZ(inb, 3)
Z6= XYZ(in6, 3)
Z7= XYZ(in1, 3)
Z8= XYZ(in8, 3)

call JACOBI

(DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
21, 72, 13, 4,

SEI M D ZEEFE

PNT, PNX, PNY,

X5, X6, X7, X8,

Y5, Y6, Y7, Y8

75. 16, 71, 18

PNZ,

)

(-1,+1,+1)

(-1-1,+1)

(&.n.¢)=(-1-1-1)

Qo o o

(+1,+1,+1)
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ZE1TH] : MAT ASS MAIN (4/6)

Qo 2o o

nodLOCAL (1)
nodLOCAL (2)
nodLOCAL (3)
nodLOCAL (4)
nodLOCAL (5)
nodLOCAL (6)
nodLOCAL (7)
nodLOCAL (8)

X1= XYZ (in1,
X2= XYZ (in2,
X3= XYZ (in3,
X4= XYZ (in4,
X5= XYZ (inb,
X6= XYZ (in6,
X7= XYZ (in1,
X8= XYZ (in8,
Y1= XYZ (in1,
Y2= XYZ (in2,
Y3= XYZ (in3,
Y4= XYZ (in4,
Y5= XYZ (inb,
Y6= XYZ (in6,
Y7= XYZ (in,

Y8= XYZ(in8, 2)

QVC= 08th *

Z1= XYZ(in1,
22= XYZ(in2,
Z3= XYZ(in3,
Z4= XYZ(in4,
Z5= XYZ(inb,
26= XYZ(in6,
Z7= XYZ(inT,
Z8= XYZ(in8,

call JACOBI

in
in2
in3
in4
ind
in6
in/
in8

NONOINO NI NI NI NI N ==t b ek ek ek ek ek ek
e P e N A N N N N

(XT+X2+X3+X4+X5+X6+XT7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)

(-1,+1,+1)

(-1-1,+1)

a(laT}a /IaT +g(/18_T
ox\ ox) oy\ oy) oz\ oz

Q(x,y,z)= Q_VOL\XC +Yc|

(DETJ, PNQ, PNE, PNT, PNX, PNY, [
0k X M X6 X6 K X6 AATE T Y REBBIILE (X v andil

Y1, Y2, Y3, Y4, Y5, Y6, Y/, Y8,
21, 72, 73, 74, 15, 16, 71, 18 ]

DEEFE Xy, |2IKTFE

(+1,+1,+1)

j Q(x,y,z)=0
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RE1TS

Qo 2o o

MAT

nodLOCAL (1)= in1

nodLOCAL (2)= in2

nodLOCAL (3)= in3

nodLOCAL (4)= in4

nodLOCAL(5g inb
)

nodLOCAL (6) = in6
nodLOCAL (7)= in7
nodLOCAL (8)= in8

X1= XYZ (in1,

X2= XYZ (in2,

X3= XYZ (in3,

X4= XYZ (in4,

X5= XYZ (inb,

X6= XYZ (in6,

X7= XYZ (in7,

X8= XYZ (in8,

Y1= XYZ (in1,

Y2= XYZ (in2,

Y3= XYZ (in3,

Y4= XYZ (in4,

Y5= XYZ (inb,

Y6= XYZ (in6,

Y7= XYZ (in7,

Y8= XYZ (in8,

QVC= 08th * (X1+X2+X3+X4+X5+X6+X7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)

Z1= XYZ(in1, 3)

2= XYZ(in2, 3)

Z3= XYZ(in3, 3)

Z4= XYZ (in4, 3)

Z5= XYZ (inb, 3)

26= XYZ(in6, 3)

Z7= XYZ(in7, 3)

Z8= XYZ(in8, 3)

call JACOBI (DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
21, 72, 13, 4,

l\)l\)l\)l\)l\)l\)l\)l\)—‘—‘—*—*—*—*—‘—‘
R N T N g N N W Nl N N A g

X5, X6, X7, X8,
Y5, Y6, Y7, Y8,
Z5, 76, 71, 18)

_ASS_MAIN (4/6)

(-1,+1,+1) (+1,+1,+1)

(-1-1,+1)

PNT, PNX, PNY, PNZ,

o( .0T o ,0T o .0T
A A A—
8x( axj+ay[ ay] az( 82)+Q(X yz)
Q(x, y,z):Q_VOL\xC +Yc|
QVC =|x. + Y|

75
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RE1TS

Qo @o o

nodLOCAL (1) =
nodLOCAL (2) =
nodLOCAL (3) =
nodLOCAL (4) =
nodLOCAL (5) =
nodLOCAL (6) =
nodLOCAL (7) =
nodLOCAL (8) =

X1= XYZ (in1,
X2= XYZ (in2,
X3= XYZ (ing,
X4= XYZ (in4,
X5= XYZ (inb,
X6= XYZ (in6,
X7= XYZ (in7,
X8= XYZ (in8,
Y1= XYZ(in1,
Y2= XYZ(in2,
Y3= XYZ(in3,
Y4= XYZ (in4,
Y5= XYZ (inb,
Y6= XYZ(in6,
Y7= XYZ(inT,
Y8= XYZ(in8,

in
in2
in3
in4
ind
in6
in/
in8

l\)l\)l\)l\)l\)l\)l\)l\)—‘—‘—*—*—*—*—‘—‘
R N T N g N N W Nl N N A g

MAT ASS MAIN (4/6)

QVC= 08th * (X1+X2+X3+X4+X5+X6+X7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)

Z1= XYZ(in1,
22= XYZ(in2,
Z3= XYZ(in3,
Z4= XYZ(in4,
Z5= XYZ(inb,
26= XYZ(in6,
Z7= XYZ(inT,
Z8= XYZ(in8,

call JAGOBI

3)
3)
3)

3)
3)

(DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
21, 72, 173, 74,

PNT, PNX, PNY, PNZ,
X5, X6, X7, X8,

Y5, Y6, Y7, Y8,

Z5, 16, 71, 18 )

Qo @o o
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[C== CONSTRUCT the GLOBAL MATRIX

do ie= 1, 8

olhs Tl 2 K175 D IER 15 A 5

jp = nodLOCAL (je)

kk= 0 .
if (jp.ne.ip) then /\Ip,jp

iiE: injex%ip—]% + 1

IE= Index\(Ip - X

o et kk:itemIZ#51+5 7R

if (i:ﬁeml(ll().eq.jp) then temlZHITHTEFL R

eth
endif

endi ip= nodLOCAL(ie)
Jp=nodLOCAL(je)

(-1+1,+1) (+1,+1,+1)

il (+1-1,+1)




< kYO R :8x81TF

2%

|.kijJ (i’ J :1---8)

(+1,+1,+1)

(-1,+1,+1)

(-1,-1+1)

O|1010|0|0]10|0|0||®

O|00|0|0]0|0|0||®
OO0 |0]0|0|@]|0|®

O|O00|010]0|0|0||®

O|010(0|0|0|0|0||®

O|O00|0|0]0|0|0]||®

O|O0|0|0|0]0|0|0|®

O|1010|0|0|0|0|0||®

(+1-1-1)

(&m1.¢)=(-1-1-1)
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RE1TS

'C:: CONSTRUCT the GLOBAL MATRIX

do ie= 1, 8

ip = nodLOCAL (ie)
do je=1, 8

jp = nodLOCAL (je)

kk= 0
if (jp.ne.ip) then
iiS= index(ip-1) + 1
iiE= index(ip )
do k= iiS, iiE
if ( iEem(k).eq.jp ) then
exit
endif
enddo
endif

(-1+1,+1) (+1,+1,+1)

il (+1-1,+1)

MAT ASS MAIN (5/6)

BRIM IR (i)
24T IR (i ~,) DEER

kk:itemlZHIFHTRKL R

79



BT - MAT ASS MAIN (6/6)

QO =0.d0
COEFi j= 0.d0
do kpn= 2
do jpn=
do ipn=1, 2

coef= dabs (DETJ (ipn, jpn, kpn) ) #WEI (ipn)*WET (jpn) *WEI (kpn)

PNXi= PNX (ipn, jpn, kpn, ie)
PNYi= PNY (ipn, jpn, kpn, ie)
PNZi= PNZ (ipn, jpn, kpn, ie)

PNXj= PNX (ipn, jpn, kpn, je)
PNY j= PNY (ipn, jpn, kpn, je)
PNZ j= PNZ (ipn, jpn, kpn, je)

COEFi j= COEFij + coef * GONDO
& (PNXi*PNX j+PNY i #PNY j+PNZ i *PNZ j)

SHi= SHAPE (ipn, jpn, kpn, ie)
QvV0= QVO + SHi * QVOL * coef
enddo
enddo
enddo

— ) —h
N

if (jp.eq.ip) then
D(ip)= DC(ip) + COEFij
?(ip)= B(ip) + QVOxQVC

else
AMAT (kk)= AMAT (kk) + COEFi

endif
enddo R
onddo —ffjlfza'\'i Ny N5 NN e hedmde
re’gurn —1—1—1l oX  OX ay ay oz 0oz
en




4T - MAT ASS MAIN (6/6)

QO =0.d0
COEFi j= 0.d0
do kpn= 2
do jpn=
do ipn=1, 2

coef= dabs (DETJ (ipn, jpn, kpn) ) #WEI (ipn)*WET (jpn) *WEI (kpn)

PNXi= PNX (ipn, jpn, kpn, ie)
PNYi= PNY (ipn, jpn, kpn, ie)
PNZi= PNZ (ipn, jpn, kpn, ie)

PNXj= PNX (ipn, jpn, kpn, je)
PNY j= PNY (ipn, jpn, kpn, je)
PNZ j= PNZ (ipn, jpn, kpn, je)

COEFi j= COEFij + coef * GONDO

— ) —h
N

& (PNX i xPNX j+PNY i «PNY j+PNZ i *PNZ j)
SHi= SHAPE (ipn, jpn, kpn, i
Q0= oo = ST ATBUOE Soef !
chid =] [ [f&n)dednde
enddo 1044 4
if (jp.eq.ip) then L M N
D(ip)= D(ip) + COEFi j = W - . N
B(ip)= B(ip) + QVOQVC 22 2 Wewiw, f(&.7,.60)
else i=1  j=1 k=1
AMAT (kk)= AMAT (kk) + COEFi
ggdlf
enddo
enddo A AN ON - ON. ON . ON. ON .
enddo —jjﬂz L) T T ) L det|d| flednd ¢
regurn —1—1—1l oX  OX ay ay oz 0oz
en
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T4 : MAT_ASS MAIN (6/6)

QVv0 = 0.d0
COEFi j= 0. d0
do kpn= 1, 2
do jpn=1, 2
do ipn=1, 2
coef= dabs (DETJ (ipn, jpn, kpn) ) *WEI (ipn) #WEI (jpn) *WEI (kpn)
PNXi= PNX(ipn, jpn, kpn, ie)
- B B 19
I= (ipn, jpn, kpn, ie) coef :Wi .V\/j .Wk .det‘\](gi,m,gk}
PNXj= PNX (ipn, jpn, kpn, je)
PNY j= PNY (ipn, jpn, kpn, je)
PNZj= PNZ (ipn, jpn, kpn, je)
COEFi j= GCOEFij + coef * CONDO *
& (PNX i *PNX j+PNY i kPNY j+PNZ i *PNZ j)
SHi= SHAPE (ipn, jpn, kpn, ie)
3}1’0: QVO + SHi * QVOL * coef +1 +1 +1
it = [ [1E&n.¢)dadnds
enddo 1 1 4
if (jp.eq.ip) then L M N
D(ip)= D(ip) + COEFij - W W HEE |
B(ip)= B(ip) + QVO*QVC Z : Z Wi Wil{ T (6o 60)
else i=1 j=1 k=1
AMAT (kk) = AMAT (kk) + COEFi j
ggdif
enddo
enddo +1+1+1j ON. ON . oN, ON; ON, N,
enddo —j” A—i 1,4 L4 det|d| gedndg
regurn —1—1—11 OX  OX ay ay 0z oz
en




T HREATH - MAT ASS MAIN (6/6)

Qv0 =0.d0
COEFi j= 0.d0
do kpn= 1, 2
do jpn=1, 2
do ipn=1, 2
coef= dabs (DETJ (ipn, jpn, kpn) ) *WEI (ipn) *WEI (jpn) *WEI (kpn)

PNXi= PNX (ipn, jpn, kpn, ie)
PNYi= PNY (ipn, jpn, kpn, ie)
PNZi= PNZ (ipn, jpn, kpn, ie)

PNXj= PNX (ipn, jpn, kpn, je)
PNY j= PNY (ipn, jpn, kpn, je)
PNZj= PNZ (ipn, jpn, kpn, je)

& SHEALLS (EEEsL +(gﬁif*ﬁNggﬁgﬁYT*PNYj+PNZi*PNZj) lk(u J (I1 J — ]--- -EB)
SHi= SHAPE (ipn, jpn, kpn, ie) i

engxgzovowm ¥ QVOL * coef olololololololole

endds ololo|o|o|o|o]o]e

inggqubi(ri)z))tEe(r;OEFij i O|O|10|O0|10|0|@|0|®

e?ééphB(ip) + QUOxQVC O|O|0|0|0|0|0|0||®

AMAT (kk)= AMAT (kk) + COEFi j C|0|0|0|0|0|0|0|| @

enddo | ololo|o|olo|o]o]e

enddo ololo|o|olo|o]o]e

return Ol0|0|O0|0|O|0|0|| @

end
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5'] MAT_ASS MAIN (6/6)

2
coef= dabs (DETJ (ipn, jpn, kpn) ) *WEI (ipn) *WEI (jpn) *WEI (kpn)

PNXi= PNX (ipn, jpn, kpn, ie)
PNYi= PNY (ipn, jpn, kpn, ie)
PNZi= PNZ (ipn, jpn, kpn, ie)

PNXj= PNX (ipn, jpn, kpn, je)
PNY j= PNY (ipn, jpn, kpn, je)
PNZj= PNZ (ipn, jpn, kpn, je)

COEFi j= COEFij + coef * GONDO

& (PNX i xPNX j+PNY i «PNY j+PNZ i *PNZ j)
SHi= SHAPE (ipn, jpn, kpn, ie)
QV0= QVO + SHi * QVOL * coef
enddo
enddo
enddo
if (jp.eq.ip) then
D(ip)= D(ip) + COEFij
?(ip)= B(ip) + QVO*QVG
else
AMAT (kk) = AMAT (kk) + COEFi j
endif
enddo
enddo
enddo
return

end

K7} = (1)
f19 = [QINTdv

Q(x, y,2)=QVOL|X. + Y|
QVC =X + Y|
QV0=[QVOL[N]dv

(] =Qvo0-QvC
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MAT ASS BC : &A%k

do i=1, NP

(TaVOL) BREGEZRTETHEHEEY—S (IWKX)
enddo
do i= 1, NP

if (IWKX(i, 1).eq.1) then
XIETBEDRY ML (B) Oy, ®AKS D) OFRSDIEE (1T - 5) Z |\
do k= index(i-1)+1, index(i)
X9 HIEZRERMAMS (AMAT) RS DBE (T)
enddo T=0@Z=z
endif
enddo

max

do i= 1, NP NZ
do k= index (i-1)+1, index (i)
if (INKX(item (k),1).eq.1) then

T BEEDARNY FL, EFEFARS (AMAT) OFESDIEIE (5I) Y
endif ,/,;X
enddo ) ’
NY
enddo
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BREMHE - MAT _ASS BC (1/2)

subroutine MAT_ASS_BC
use pfem util
implicit REAL*8 (A-H, 0-2)

al locate (IWKX(NP, 2))

IWKX= 0
IC
IC== Z=Zmax
do in=1, NP
gy = HaT IL—F B Zmax 1 THS
ib0= -1 BiminIZH NV T:

do ib0O= 1, NODGRPtot

if (NODGRP_NAME (ib0).eq. ' Zmax') exit )
enddo IWKX(in,1)= 1
do ib= NODGRP_INDEX (ib0-1)+1, NODGRP_INDEX (ib0)

in= NODGRP_ITEM (ib)

IWKX (in, 1)= 1 E95

enddo
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I0==

BREHE - MAT _ASS BC (2/2)

do in=1, NP
if (IWKX(in, 1).eq.1) then
B(in)= 0.d0
D(in)=1.d0

iS= index(in-1) + 1
iE= index(in )
do k= iS, iE
AMAT (k)= 0.d0
enddo
endif
enddo

do in=1, NP
iS= index(in-1) + 1
iE= index(in )
do k= iS, iE
if (IWNKX(item(k),1).eq.1) then
AMAT (k)= 0.d0
endif
enddo
enddo

return
end
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10==

88

BREHE - MAT _ASS BC (2/2)

do in=1,
if (IWKX(in, 1).eq.1 h . e _
T, HMOtn, 10- ea. 1) then IWKX (in, 1)=1 &4 B8 SIst LT

D(in)= 1.d0 . . — s
T AR D=1, F7i0=0, FEZFxIAALH=0
iS= index(in-1) + 1
iE= index(in )
do k= iS, iE
éﬂAT(kF 0.d0 B

enddo o

endif acd=lyl) g

enddo

do in=1, NP
iS= index(in-1) + 1
iE= index(in )
do k= iS, iE
if (IWNKX(item(k),1).eq.1) then
AMAT (k)= 0.d0
endif
enddo
enddo

return
end

T TWNNAZELICPUD MRS
E<EH i
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I0==
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BREHE - MAT _ASS BC (2/2)

do in=1, NP
if (IWKX(in, 1).eq.1) then

B(im=0.40 IWKX (in, N=1¢ % 58 RZIEFIEXNA
v BaE LTHELTWASESIIR LT,

iS= index(in-1) + 1 . e R

{E= nagcin ) HIOABIE, S%FRIFAARES=0

PAVAT (k)= 0. dO I

enddo
endif
enddo

do in=1, NP
iS= index(in-1) + 1
iE= index(in )
do k= iS, iE
if (IWKX(item(k),1).eq.1) then
AMAT (k)= 0.d0
endif
enddo
enddo

return
end

Bk, aoy7r

T TWNNAZELICPUD MRS
E<EH i
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NHBRERZEZDONE : J07 5 L

o HHE
— THIEN 25 S EE A+ 3A A
— FERESEHIAA>ERER (NEIRE, NE: EXRH)
— EEHMERILE (2R RO R, BRI LU R)
—EEFS2ART MYV RTYETS (Index, Item)

e Y)Y RER

— BXRBEFOUIE (doicel=1, NE)
e BX T M)V REE
e AT MO RADEREDOE

IEREHDNE
o HEII—RAEX
— Xz QEdiE (CG)
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= Tl Bl ZA
EfEfa— K

testl

input_cntl

Ao7ag5 A

heat3Dp

HET—2AH

input_grid

91

Ay aT7ALILASN

define_file_name
BfI774IL4

mat_con0

r-'rﬁll ORI TAETAHERY

mSORT
—k

mat_conl

r-'rﬁll ORI TAETAHERY

find_node

B REEER

mat_ass_main

BEATHNERL

jacobi
YaE7UEE

mat_ass_bc

EREHNE

solvell
S AV | A1 i

output_ucd
AJfR{E 028

Ccg
CGEEtE
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program heat3Dp

use solver1l
use pfem util

implicit REAL=8 (A-H, 0-2)
cal | PFEM_INIT

cal | INPUT_CNTL

call INPUT_GRID

cal | MAT_CONO
cal | MAT_CON1

call MAT_ASS_MAIN
call MAT_ASS_BC

call SOLVE11
call OUTPUT_UCD
call PFEM_FINALIZE

end program heat3Dp

AL

IH
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SOLVE1]

module SOLVER11

contains
subroutine SOLVE11

use pfem_ util
use solver_CG

implicit REALx8 (A-H, 0-7)
integer :: ERROR, ICFLAG

character (len=char_length) ::

data ICFLAG/0/

IC
1C +

;8 | PARAMETERs |

ITER
RESID
!C:::
IC
IC + =
;8 | ITERATIVE solver |

pfemlarray (1)
pfemRarray (1)

call CG
( N, NP, NPLU, D, AMAT,
ITER, ERROR, my_rank,

@0 o Qo Qo

ITERactual= ITER

end subroutine SOLVET1
end module SOLVER11

BUF

CGIED
CGED

bl
it

<l
il
+Hz

]

Y IIJ

index, item, B, X, RESID,

NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM,
EXPORT_INDEX, EXPORT_ITEM)

@0 o Qo Qo
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HITALEE

& KR BECE

Preconditioned Conjugate Gradient Method (CG)

Compute r®= p-[A]x©®
for i= 1, 2, ..
solve [M]zG-D= rG-D
Pi_1= r(i-1 »(@-1)
1t 1=1
p(l): 7 (0)
else
Bi-1= Pi-1/Pi-2
endif
q(i): [A]p(i)
a; = p;_/pMqg®
x(MD= x@-1) 4 aip(i)
rM= G-1) _ Oﬂiq(i)
check convergence |r|

)
>
o

B ALEE - >t

IRV
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AR r—") 27, RY 3 ERILE

« BILIEITHIE LT, ©EDITHDXI AT DHZH
L L 7=175 ZRiLE1THI [M] £F B,

—XBRT—1) 24, A¥aE (point-Jacobi) RILIE

T

D 0 .. 0 0
0 D, 0 O
M]=] ...
0 0 D,, O
0 0 0 Dy |

- solve [M]zG-D= rG-DENSBAICHITHIERE
IZRDHBCEMNTES,

[N
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&
&
&
&

. CGi& (1/6)

(N, NP, NPLU, D, AMAT, index, item, B, X, RESID,

ITER, ERROR, my_rank,

NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM,
EXPORT_INDEX, EXPORT_ITEM)

Qo o go o

use solver_SR

implicit REAL*8 (A-H, 0-2)
include 'precision. inc’
include 'mpif.h’

integer (kind=kint ), intent(in):: N, NP, NPLU, my rank
integer (kind=kint ), intent(in):: NEIBPETOT

integer (kind=kint ), intent(inout):: ITER, ERROR

real (kind=kreal), intent(inout):: RESID

real (kind=kreal), dimension(NP) , intent(inout):: B, X, D
real (kind=kreal), dimension(NPLU), intent(inout):: AMAT

integer (kind=kint ), dimension(0:NP), intent(in) :: index
integer (kind=kint dimension (NPLU), intent (in) :: item

),
integer (kind=kint ), pointer :: NEIBPE(:)
integer (kind=kint ), pointer :: IMPORT_INDEX(:), IMPORT_ITEM
integer (kind=kint ), pointer :: EXPORT _INDEX(:), EXPORT_ITEM

—~

)
)

real (kind=kreal), dimension(:), al locatable:: WS, WR
real (kind=kreal), dimension(:,:), allocatable:: WW

integer (kind=kint), parameter :: R=
integer (kind=kint), parameter :: Z=
integer (kind=kint), parameter :: Q=
integer (kind=kint), parameter :: P=
integer (kind=kint), parameter :: DD=

integer (kind=kint ) :: MAXIT
real (kind=kreal) :: TOL, W, SS

SN —

EENYTT, RENVDT7F
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CGix (2/6)

Compute r®= b-[A]x©®

COMMt ime= 0.d0
COMPtime= 0.d0

ERROR= 0 _
for 1=1, 2, .
al locate (WW(NP, 4), WR(NP), WS (NP)) solve [M]Z(i—l): rdi-10
MAXIT = ITER Ve ]
TOL = RESID pi_y= ré-b zG-H
= e 2o
WR= 0. do prr= 2z
i | else
16 | (ro}= {b} - [AM{xini] | Bi-1= Pi-1/Pi-2
iC::: p(-l): Z(I_l) + Bi—l p(l—l)
&~ (NP NFTBPETOT NEIBPE, INPORT_INDEX, INPORT_ITEM endif
&  EXPORT_INDEX, EXPORT_ITEM, WS, WR, X , my_rank) qO= [A]p™
b= 1.do/p () N e
J,DD)= 1. J i)— i-1 i
WAL=B() ~ DO X?;— Xﬁf 1; + O‘ip?;
0 K= Ihdex(J—1)+1, I1ndex(J 1)— 1- - _ 1
i= item(k) | r r %9
WVAL= WVAL - AMAT (K)*X (i) check convergence |r|
enddo
WW(j, R)= WVAL en
enddo
BNRM20= 0, dO
do i= 1, N
BARNZD= BNRIZO + B (i) 42
enado
call NPI_Allreduce (BNRM20, BNRMZ, 1. MPI DOUBLE_PRECISION, &
& NP1_SUM, MPI_COMM_WORLD, ierr)
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SOLVER SEND RECV (1/2)

subroutine SOLVER_SEND RECV
( N, NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM, &
& EXPORT _INDEX, EXPORT_ITEM, &
& WS, WR, X, my_rank)

implicit REAL*8 (A-H, 0-2)
include 'mpif.h’
include 'precision. inc’
integer (kind=kint ) , intent(in) o N
integer (kind=kint ) , intent(in) :7  NEIBPETOT
integer (kind=kint ), pointer :: NEIBPE (:)
integer (kind=kint ), pointer :: IMPORT_INDEX(:)
integer (kind=kint ), pointer :: IMPORT_ITEM (%)
integer (kind=kint ), pointer :: EXPORT_INDEX(:)
integer (kind=kint g, pointer :: EXPORT_ITEM (%)

)

)

)

)

real (kind=kreal), dlmenS|on(N) intent (inout) :: WS
real (kind=kreal), dimension(N), intent(inout):: WR
real (kind=kreal), dimension(N), intent (inout) : : X
integer intent (in) ©1 my_rank

, dimension(:, :), save, allocatable :: stal, sta2, reql, reqg2
, save :: NFLAG

integer (kind=kint
integer (kind=kint
data NFLAG/0/

if (NFLAG.eqg.0) then
allocate (stal (MPI_STATUS_SIZE, NEIBPETOT), sta2 (MPI_STATUS_SIZE, NEIBPETOT))
allocate (reql (NEIBPETOT), reqg2 (NEIBPETOT))
NFLAG= 1

endif

do neib= 1, NEIBPETOT
istart= EXPORT_INDEX (neib-1)
inum = EXPORT_INDEX (neib ) - istart
do k= istart+1, istart+inum
ii = EXPORT_ITEM (k)

WS (k)= XC(ii)
enddo
call MPI_Isend (WS(istart+1), inum, MPI_DOUBLE_PRECISION, &
g NEIB?E(neib), 0, MPI_COMM_WORLD, reql (neib), &
ierr

enddo
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SOLVER SEND RECV (2/2)

do neib= 1, NEIBPETOT
istart= IMPORT_INDEX (neib-1)
inum = IMPORT_INDEX (neib ) - istart

call MPI_Irecv (WR(istart+1), inum, MPI_DOUBLE_PRECISION, &
NEIB?E(neib), 0, MPI_COMM_WORLD, req2(neib), &
ierr
enddo

call MPI_Waitall (NEIBPETOT, req2, sta2, ierr)

do neib= 1, NEIBPETOT
istart= I[MPORT_INDEX (neib-1)
inum = IMPORT_INDEX (neib ) - istart
do k= istart+1, istart+inum
ii = IMPORT_ITEM (k)
X(ii)= WR(k)
enddo
enddo

call MPI_Waitall (NEIBPETOT, reql, stal, ierr)

end subroutine solver_send recv
end module solver_SR
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CGix (3/6)

do iter= 1, MAXIT

[¢ Compute r®= b-[A]x©
1C + : =
:8| {z}= Minv]{r} | for 1= 1, 2, ..
. doyi= 1. ww<: Y 0D solve [M]zCG-D= rG-D
y = y * y — -— -_
Sea) ! ! Pi-1= rGi-1 Z@-1
G 1T 1=1
[ = D= 2z(®
:8 | {RHO}= {r} {z} | FI) z
" RHOO= 0.d0 ﬁ_
doi=1 N Bi—_l_ pi—_]_/pi—Z i
RHOO="RHOO + W (i, R) MW (i, 2) PG =7 GO s GED)
enddo -
|1 MPI_Allreduce (RHOO, RHO, 1, MPI_DOUBLE_PRECISION endif
8 ~HTOROE NPT SUN, WPI” COMWWORLD, “ierr) qH= [A]p(')_ ]
c | o = pi-/POg
€ e b or b A= S O
ir = / otherwise | rH= pG-1 _ aiq(l)
if (ITER eq. 1) then check convergence |rj
WW (i, P)= WW (i, 2) en
enddo -
else
BETA= RHO / RHOT
do i= 1, N
WW(i,P)= WW(i,2) + BETA*WW(i,P)
enddo

endif



| CGi% (4/6)

Compute r©®= p-
for i=1, 2, .
solve [M]z(-D= rG-D

'C
'C | {a}= [A]l{p} |
call SOLVER SEND_RECV

& (NP, NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM,
& EXPORT_INDEX, EXPORT_ITEM, WS, WR, WW(1,P),

[AIX®

& my_rank) Pi 1= r@i-10 z@-1)
I_
do j=1, N - e
WAL= DA P 1f 1=1
do k= index (j-1)+1, index (j) pH= z©
Ki= W 2. ) I
ot o Berm pr it
= 5k - = - -
WVAL= WVAL + AMAT (k) *WW (i, P) B'-_l p'-_llpl-Z -
chdoo)_ WAL p(l): z(@-1) 4 Bi_1 p('- )
enddoJ' endif
:8 | q('): [A]p(')_ _
:8 | ALPHA= RHO / {p} {a} | o = pijllp(l)q(l) _
16+ 810?_0-1d0N ' X(f): X(f‘i) + aip(f)
°610= 610 + WH (i, P) =N (i, Q) r= rd-H - g;q®
enddo

&call MPI_AlIreduce (G10, C1, 1,

MP1_DOUBLE_PRECISION,

MPI_SUM, MPI_COMM_WORLD, ierr)

ALPHA= RHO / C1

check convergence |r|

D
-
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CGix (5/6)

1C
1C + t
iC | []= [] + ALPHA*[p] | Compute r®= p-[A]x©®
[ e i for i= 1, 2
do i=1, N e ITM1>G-D— (-
R solve [iz¢ b~ r@
= | = i _ - -
enddo Qi‘lf r(i-1 »@-1)
DNRM20= 0. dO if 1=1
AR . pD= 2O
gﬂRM20= DNRM20 + WW (i, R) %*2 1
(0]
g LA QRO s byt
& MPIZSUN, MPI_COMM_WORLD, ierr) [;i(_i%: f;i(—il_l)Pi_;zB G-
RESID= dsqrt (DNRM2,/BNRM2) o i-1
i]: E?EEF&D o W\%Tg EﬁliRBR 300 endif
| - (D= [ATpD
RHO1 = RHO 9 _ [ ]p ; .
o = pi-/pq®
Gl x(D= x(G-D + g pd
T _
30 continue r= G- _ Otiq(')

call SOLVER SEND RECV check convergence |r]|

& (NP, NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM, en
& EXPORT_INDEX, EXPORT_ITEM, WS, WR, X , my_rank) -

deal locate (WW, WR, WS)

end subroutine CG
end module solver_CG
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CGix (6/6)

IC | {x}= [x} + ALPHA*{p} i
1C | {rl= {r} - ALPHAx{a} |

do | N

=1,

X(i) X (i) + ALPHA * WW(i,P)
WW(i, R)= WW(i,R) — ALPHA * WW(i, Q)
enddo

DNRM20= 0. d0
do i=1, N
DNRM20= DNRM20 + WW (i, R) **2
enddo
call MPI_Allreduce (DNRM20, DNRM2, 1,
& MPI_DOUBLE_PRECISION,
& MPI_SUM, MPI_COMM_WORLD, ierr)

RESID= dsqrt (DNRM2/BNRM2)
if ( RESID. le.TOL ) exit
if ( ITER .eq. MAXIT ) ERROR= -300
RHO1 = RHO

enddo

30 continue
call SOLVER_SEND_REGV
& (NP, NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM,
& EXPORT_INDEX, EXPORT_ITEM, WS, WR, X , my_rank)

deal locate (WW, WR, WS)

NRICEFOX GRE) KA

@0 o

end subroutine CG
end module solver_CG
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OUTPUT UCD

o BMEEMDSINELEM listiICARR T 2ERDEHREZED S

— intELEM_list: FERDETIHEEBESDI>bHELENEFTD
MEEICFRE T 5 ERET

e MPI_AllgathervE{E>TLTDIEHREZ—ETICEHD
— BiE BN PEAE, BE
- BR EBEZRARITAETA(BEEZERTHEHA)

c BEDIFEMII—EPESE

o EIRERENKRETGHERE]
— HFEYENPOY A TIEGEL
— i | aTtR1E
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AVS/Express PCE
Parallel Cluster Edition

http://www.cybernet.co.|p/avs/products/pce/

AVS/Express PCETIX, 75X =EH D
Linux<> > T, £5HE/—RKHAEFEDOE R EEOH

R fR1EL, xR AIRIEER DA HIE/—F E
TERITIT HELVOERIZIEH-OTULNVS,

\

1

.;-d—%)iﬁA-t:E) I_JL\*$1

ST EDOER, HASNDIKRART —2Z AR

x7&1%’37": £, A ?Eﬂ:@

Egg%ﬁﬁ_éhtb\j ﬁl:.o

\

BT E L TxIEE 0L [ 5E

— =HFTRRTlIZWindows &Y &l ] gE
— T2KE K TH|HTAIgE
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AVS/Express PCE
Parallel Cluster Edition

-

i i

: HH5F L2 k1)

-

= EEEH’”H‘J f Eﬁﬁrﬁé? oI

s>

[mmasrstc

| AVS $8{E & 13IERE

I. i
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st Bl

e 128X128%X 128X vy, 1

e 16~12807

— RCB, pMETIS (9637 DiG& D #H)
« Solverst&ErFfHE

core # Fortran C
sec. (speed-up) | sec. (speed-up)

16
32
64
96
128

10.8 (16.0)
4.93 (35.0)
2.52 (68.5)
1.44 (120.)
1.24 (139.)

11.3 (16.0)
7.59 (23.8)
2.31 (78.3)
1.35 (134.)
1.21 (149.)
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SEREP1(1/2)
« B THBEETEZTL, IsolJDEEFESITLTHEL
« 3l
— Strong Scaling
« MY A XZEE, PESZZLSE THRE (&, &8 FAIE,
— Weak Scaling
« PEHT-YDRMEHY A XEEE, 1IREH-YDETEEREZERD B,
- BRI NTIHHE
- BEYAX
. B9 E|Fi%(RCB, K-METIS, P-METIS, 1D~3D) ME£,

— Ay a Rk, RN EIZHITHFXI0D HEEEIELY
o 128X LLAER (B EIC157 L EhNG)
o [*inplDHEAIZERINHINBIGELH S,
— OUTPUT _UCDDMEURHLDAART IR
— src, part
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=B 2EP1(2/2)

o TEIBE@{E (solver SR) DIEREREMNTELLIMES
MEZTHE,

— Recv. BufferNMaE—Z#3hZEMIZEE TELELIA?

for (neib=0; neib<NeibPETot; neib++){
tag= O;
1IS_1= 1Import_index|[neib];
iE_i= import_index[neib+1];
BUFlength i= i1E_i - iS_i

ierr= MPI _lrecv

(&RecvBuf[i1S_i1], BUFlength_i, MPI_DOUBLE, NeibPE[neib], O,
MP1_COMM_WORLD, &ReqRecv[neib])
+

MPI Wairtall(NeibPETot, RegRecv, StatRecv);

for (neib=0; neib<NeilbPETot;neib++){
for (k=import_index[neib];k<import_index[neib+1];k++){
kk= 1mport_item[Kk];
VAL[Kk]= Rechuf[k]
+
+



T D~3D%9Z]|
EOFENBIVNWEZTRE
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1D~3D7E]
BIEE DT (F104N, 8TELE

\l

ET D)

1D# 2DZ#! 3D#!
16 N2 x 7 = 112 N 16 N2 X 4 = 64 N2 16 N2 x 3 = 48 N2
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1D~3D7 |

Inp_rcb
1D#EY 2D#Y 3D#!

cube.O cube.O cube.O
1 1 1

3 3 3

aaa aaa aaa

1 1 1

1 2 2



