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pfem3d/run/ [J
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<HEADER>.* sol
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#wlfEl 7 7 4 )L : 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 (/IaTjJr : (igl 2 (igj Q(x,y,2)=0

x ) T "oy ) T a\ M a
Q(X,Y,2)=QVOL|x. + Y|
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~/[pFEM/pfem3d/run/go.sh

#1/bin/sh

#PIM -L ““node=1*

#PIM -L “elapse=00:10:00*
#PIM -L ““rscgrp=school*
#PIM -

#PIM -0 “test.lIst*

#PIM --mp1 “‘proc=8*

mpiexec ./sol

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

J/—FH# (=£12)
E1THRE (=15%)
X1 —4

BREH N
MPIZARER$ (=£192)

/\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
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#include <stdio. h>

#include <stdlib.h>

FILEx fp_log;

#tdefine GLOBAL_VALUE_DEFINE
#include “pfem_util.h”

extern void PFEM_INIT (int, charx) ;

extern void INPUT_CNTLQ) ;
extern void INPUT_GRID() ;
extern void MAT_CONO() ;

extern void MAT_CON1() ;

extern void MAT_ASS MAINQ) ;
extern void MAT_ASS BC() ;
extern void SOLVE11() ;

extern void OUTPUT_UCD() ;
extern void PFEM_FINALIZE() ;
int main(int argc, charx argv[])

double START_TIME, END_TIME;
PFEM_INIT (argc, argv) ;

INPUT_CNTL () ;
INPUT_GRID () ;

MAT_CONO () ;
MAT_CON1 () ;

MAT_ASS_MAINQ) ;
MAT_ASS_BC(O

SOLVE11 () ;

OUTPUT_UCD () ;
PFEM_FINALIZE() ;

E{RNE
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GlobalZ#3&

- pfem_util.h (1/4)

pUE e AR H4 X /0 SIS
fhame C [80] I Ay aTdrAILE
N, NP I || #iA% (N: A, NP : A+ R)
ICELTOT I | | EH=H
NODGRPtot I | | BRI IL—TH
XYZ R [NP] [3] I B R AR
ICELNOD I | [ICELTOT][8] | | ERaRITAET4
NODGRP_INDEX I | [NODGRPtot+1] | | RERTL—TISEENBE AR (BHE)
NODGRP_ITEM ! éﬁ?ﬁ?f?ﬁmxmom || BRI L—TICEEFNSEA
NODGRP_NAME €80 éﬁ?ﬁ?f'fﬁmmxmom | | ERIL—T4
NLU I O | BEIRIEXARSEK
NPLU 1 O | FERAMSHRY
D R [NP] O | &4&T5 . xmJovy
B, X R [NP] O |HEBERY RIL, RHMEARY kL
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GlobalZ#3&

- pfem_util.h (2/4)

THa @] 4K |10 i
AMAT R | [NP] O | £&17%5I : EFIER ARSI
indexLU I [NP+1] O | 2175 : EFIEAARITH
itemLU I [NPLU] O | 2175 : EFEMAMKS (FIFS)
INLU I [NP] O | BERADFEFEMNAMSE
[ALU I [NP] [NLU] O |FHEHROFFFAARIH FIES)
TWKX I [NP] [2] O 7 —% RECS
ITER, ITERactual I | REERIKDO LR, EFEORERK
RESID R | 1Y ERE (1.e-8ITERTE)
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GlobalZ #43

% . pfem util.h (3/4)

EHA 23l A4 X /0 SN
08th R | |=0.125
PN, PNE, PNT R | [212][8] O |&BAVARBAIHTS -7 Tx-1-9)
POS, WEI R | [2] O | BAIRESADER, EHHH
NCOL1, NCOL2 [ | [100] O | v—rR7—s &Sl
SHAPE R [2][2][2] [8] O | BHVABEARIZETERKEH V, (/=178)
PNX, PNY, PNZ R | (2112121 (8] O |&AYRMBRICHHS G0 T Hi=1-8)
DETJ R [2] [2][2] O |BHVAREARIZETFTEHVYIET T
COND, QVOL R || BMEEE, AN Y RRERY
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GlobalZ#3&

- pfem_util.h (4/4)

EH4A =] B4 X /0 N B
PETOT I O | B (WPITotR%h)
my_rank I O |MPIZ7OotERBEE
errno I O |T5—237
NEIBPETOT I | o Fz nE IR 2K
NEIBPE I [NEIBPETOT] | TR S
é)M(Eggljmggi [ INEIBPETOT+1] | %F RET—INLDOYA X (—RTIEHEE

IMPORT_ITEM

[NPimport]

ZET—TIL KtR)
(NPimport=IMPORT_INDEX[NEIBPETOT]))

EXPORT_ITEM

[NPexport]

EET—TIL FERR)
(NPexport=EXPORT_INDEX[NEIBPETOT]) )

ICELTOT_INT

| | fEEFTRERE

intELEM_| ist

[ICELTOT_INT]

| | REFTREROU R AIREICER

13
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BE4L, #R7T : MPI Init/Finalize

#include “pfem_util.h”
%oid PFEM_INIT (int argc, charx argv[])

int i;

MPI_Init (&argc, &argv) ;

MPI_Comm_size (MPI_COMM_WORLD, &PETOT) ;
MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;

for (i=0;i<100; i++) pfemRarray[i]=0.0;
for (i=0;i<100; i++) pfemlarray[i]=0;

#include <stdio.h>
#include <stdlib. h>
#include “pfem_util.h”

%oid PFEM_FINALIZE ()
MPI Finalize QO ;
if( my_rank == 0 ) {

fprintf (stdout, “* normal terminatio¥n”);
exit(0);

14
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#2774 JLAF : INPUT_CNTL

#include <stdio.h>
#include <stdlib.h>
#include “pfem_util.h”
/*k kk/

%oid INPUT_CNTL O
FILE *fp;

if( my_rank == 0 ) {
if( (fp=fopen ("INPUT.DAT”, “r”)) == NULL) {
fpr{Q¥;(stdout,”input file cannot be opened!¥n”);
exi ;

fscanf (fp, “%s”, HEADER) ;
fscanf (fp, “%d”, &ITER) ;

fscanf (fp, “%If %If”, &COND, &QVOL);
fscanf (fp, “%If”, &RESID) ;
fclose (fp) ;

J

MPI_Bcast (HEADER , 80, MPI_CHAR, O, MP1_COMM_WORLD) ;

MPI_Bcast (&ITER , MPI_INTEGER, O, MPI_GCOMM_WORLD) ;
MPI_Bcast (&COND , MP1_DOUBLE, 0, MP1_COMM_WORLD)
MPI_Bcast (&QVOL , MP1_DOUBLE, O, MP1_COMM_WORLD)
MPI_Bcast (4RESID , MP1_DOUBLE, 0, MP1_COMM_WORLD)

pfemRarray[0]= RESID;
| pfemlarray[0]= ITER;

— ek k. k.

15
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A w1 AR : INPUT GRID (1/3)

#include <stdio. h>

#include <stdlib.h>

#include “pfem_util.h”

#include “allocate. h”

/*xx external functions *x/

extern void ERROR_EXIT (int, int);

extern void DEFINE_FILE_NAME (char, char*, int) ;

/xk kk/
%oid INPUT_GRID ()
FILE *fp;
int i,j,k, ii,Kkk, kkk, nn, icel, iS, iE, ic0;
int NTYPE, IMAT;
int idummy;
DEF INE_FILE_NAME (HEADER, fname, my_rank) ;
if( (fp=fopen (fname, “r”)) == NULL) {
fprintf (stdout, “input file cannot be opened!¥n”);
exit(1):]}
/%%
NEIB-PE
ok /

fscanf (fp, “%d”, &kkk) ;
fscanf (fp, “%d”, &NEIBPETOT) ;

NEIBPE=(int*)al locate_vector (sizeof (int), NEIBPETOT) ;
for (i=0; i<NEIBPETOT; i++) fscanf (fp, “%d”, &NEIBPE[i]) :

for (i=0; iKNEIBPETOT; i++) {
if ( NEIBPE[i] > PETOT-1 ) {
} ERROR_EXIT (202, my_rank) ;}

16
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DEIAYS A T7AILE
DEFINE FILE NAME
HEADER+S >V &=

#include <stdio.h>
#include <string.h>
%oid DEFINE_FILE_NAME (char HEADERo[], char filename[], int my_rank)
char string[80];
sprintf (string, ”. %-d”, my_rank) ;
strcpy (filename, HEADERO) ;
strcat (filename, string) ;

17
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allocate, deallocate g%k

#include <stdio. h>
#include <stdlib. h>
voidk 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 e al |ocate ZFORTRAN & (=
void deal locate_vector (void *a) %ﬂ':béf:&)o)&ﬁ’!ﬂ

free( a );

voidx* 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

18
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A w1 AR INPUT GRID (2/3)

ok /

/%

*k /

NODE
fscanf (fp, “%d %d”, &NP, &N) ;

XYZ = (KREAL**) a| locate_matrix (sizeof (KREAL), NP,
NODE_ID=(KINT **)al locate_matrix(sizeof (KINT ), NP,

for (i=0; i<NP;i++) {
for (j=0; j<3; j++) {
XYZ[i1[j]1=0.0;

3);
2);

J
for (i=0; i<NP; i++) {

| fscanf (fp, “%d %d %I %I %If”, &NODE_ID[i][0], &NODE_ID[i][1], &XYZ[i1[01, &XYZ[i1[1]1, &XYZ[i1[2]):

ELEMENT
fscanf (fp, “%d %d”, &I CELTOT, &ICELTOT_INT) ;

ICELNOD=(KINT*%) al locate_matrix (sizeof (KINT), ICELTOT, 8) ;
intELEM_I ist=(KINT*)al locate_vector (sizeof (KINT), [CELTOT) ;
ELEM_ID=(KINT=x)al locate_matrix (sizeof (KINT), ICELTOT, 2) ;

for (i=0; i<ICELTOT; i++) fscanf (fp, “%d”, &NTYPE) ;

for (icel=0;icel<ICELTOT; icel++) {
fscanf (fp, “%d_%d_%d %d %d %d %d_%d_%d %d %d”,
g%hg¥_lD[icel][0],&ELEM_ID[iceI][1],
&ICELNOD[ice!][0], &ICELNOD[icel][1], &ICELNOD[ice!]
} &ICELNOD[icel] [4], &ICELNOD[ice!] [5], &ICELNOD[ice!]

for (ic0=0; icO<ICELTOT_INT; icO++) fscanf (fp, “%d”, &intELEM_list[ic0]) ;

(2], &ICELNOD [icel]
[6], &ICELNOD [icel]

L

19
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Awa AR : INPUT_GRID

sk /

/%

*k /

COMMUNICATION table

IMPORT _INDEX=(int*) al |ocate_vector (sizeof (int), NEIBPETOT+1) ;
EXPORT_INDEX=(int*) al locate_vector (sizeof (int), NEIBPETOT+1) ;

for (i=0; i<NEIBPETOT+1;++i) IMPORT_INDEX[i]=0;
for (i=0; i<NEIBPETOT+1;++i) EXPORT_INDEX[i]=0;

if( PETOT = 1) {
for (i=1; i<=NEIBPETOT; i++) fscanf (fp, “%d”, &IMPORT_INDEX[i]) ;
nn=IMPORT_INDEX[NEIBPETOT] ;
if(nn > 0) IMPORT_ITEM=(int*)allocate vector (sizeof (int), nn);
for (i=0; i<nn; i++) fscanf (fp, “%d %d”, &IMPORT_ITEM[i], &idummy) ;

for (i=1; i<=NEIBPETOT; i++) fscanf (fp, “%d”, &EXPORT_INDEX[i]) ;
nn=EXPORT_INDEX [NEIBPETOT] ;

if( nn > 0) EXPORT_ITEM=(int*)allocate_vector (sizeof (int), nn) ;
for (i=0; i<nn; i++) fscanf (fp, “%d”, &EXPORT_ITEM[i1) ;}

NODE grp. info.
fscanf (fp, “%d”, &NODGRPtot) ;

NODGRP_INDEX=(KINT* )allocate_vector (sizeof (KINT), NODGRPtot+1) ;
NODGRP_NAME = (CHAR80x) al locate vector (sizeof (CHAR8O) , NODGRPtot) ;
for (i=0; i<NODGRPtot+1; i++) NODGRP_INDEX[i]=0;

=0;

for (i i<NODGRPtot; i++) fscanf (fp, “%d”, &NODGRP_INDEX[i+1]) ;
nn=NODGRP_INDEX [NODGRPtot] ;
NODGRP_ITEM=(KINT*) al locate_vector (sizeof (KINT), nn) ;

for (k=0;k<NODGRPtot; k++) {
iS= NODGRP_INDEX [k] ;
iE= NODGRP_INDEX [k+17;
fscanf (fp, “%s”, NODGRP_NAME [k]. name) ;
nn= iE - iS;
ifCnn 1=0){
for (kk=iS;kk<iE;kk++) fscanf (fp, “%d”, &NODGRP_ITEM[kk]) ;}

(3/3)
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testl

AoT7agS5 4

170wy DiGE

(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
J—Fk
find_node
B REER

jacobi
YaET7 U R E

cg
CGEEtE

output_ucd
AJfRIE AL
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T YO RERMET
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« INLU[NP], TALU[NP][NLU] Z{# > T3+ AFEx
B ZEFliEMICEIET S
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E{RALE

#include <stdio. h>

#include <stdlib.h>

FILEx fp_log;

#define GLOBAL_VALUE_DEFINE
#include “pfem_util.h”

extern void PFEM_INIT (int, charx) ;
extern void INPUT_CNTLQ) ;
extern void INPUT_GRID() ;
extern void MAT_CONO() ;

extern void MAT_CON1() ;

extern void MAT_ASS MAINQ) ;
extern void MAT_ASS BC() ;
extern void SOLVE11() ;

extern void OUTPUT_UCD() ;
extern void PFEM_FINALIZE() ;
int main(int argc, charx argv[])

double START_TIME, END_TIME;
PFEM_INIT (argc, argv) ;

INPUT_CNTL () ;
INPUT_GRID () ;

MAT_CONO () ;

MAT_CON1 () ; MAT CONO
wrksseco . MAT CONI:

SOLVE11 () ;

OUTPUT_UCD () ;
PFEM_FINALIZE()

INLU, IALU4 R,
indexLU, itemLU4E %,

25
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MAT CONO : &Kk

do icel= 1, ICELTOT (-1+1+1) (+1,+1,+1)
SEI M EDEFRM B,
INL, INU, DAL, TAUZZER
(FIND_NODE) (~L-L+1) (+1,-1,+1)
enddo
(+1,+1,-1)
I (&.m.¢)=(-1-1-1) (+1,-1-1)
13—(149——(19——16
7 8 9
3 AN 4
©O—10——)—2
4 S 6

©,
&
.
©,

RN
IN
[3%)

:L/
)
®
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THNARD T4 ET 4 ER
MAT CONO (1/4)

/%

s MAT_CONO

%k /

ﬁinciuge gs]’gdio. Q?I " NLU:

include “pfem util. e

#include “allocate.h %’E‘-ﬁ,‘ﬁlvfb”’é

?xtern EILE Tf]e_lo%g y 3'512':'3'5-)'5-."% E‘Zﬁj\
*xx% external functions *xx e

?xterntv%id rFSORI(int*, iyt*, int) DK

*x+% static functuons *xx + bR b g

static void FIND_TS_NODE (int, int): (FEftd DETRE)

void MAT_CONO () o o

{ int i, jk icel, in; SOE—EDZE
int int, in2, in3, in4, ind, in6, inl, in8; ;{f);b\g"(‘[,\%)@"@
o o COE3TED
NLU= 26; = 21~
INLU= (KINT* )al locate_vector (sizeof (KINT), NP) ; .
[ALU= (KINT##) al | ocate_matrix (sizeof (KINT) NP, NLU);  ANBHDIGE DR
for (i=0; <NP; i++) INLU[i]=0; =L R—rERE

for (i=0; i<NP; i++) for (j=0; j<NLU; j++) ITALULi][j]=0;
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THNARD T4 ET 4 ER
MAT CONO (1/4)

/%

*x MAT_CONO
%k /
#include <stdio.h> A H 4 X AN B

#include “pfem_util.h”

#include “allocate.h

- HERDIEFIER A
t FILE *fp_log; ‘
%*irgxternaT ?Gng%ions Kokok / INLU [NP] ﬁj\*ﬂ

?xterntv%id $SOR1(int*, iyt*, int);
*okok ook - _ .
7 (FIFES)

%oid MAT_CONO ()

int i, ], k, icel, in;
int in1,in2, in3, in4, inb, in6, in7, in8;
int NN;

NLU= 26;

INLU=(KINT* )al locate_vector (sizeof (KINT), NP) ;
IALU= (KINT*x) al locate_matrix (sizeof (KINT), NP, NLU) ;

for (i=0; i<NP;i++) INLU[i]=0;
for (i=0; i<NP; i++) for (j=0; j<NLU; j++) ITALULi][j]=0;

28
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THNARD T4 ET 4 ER
MAT CONO (2/4)

for ( icel=0;icel< IGELTOT; icel++) {
in1=ICELNOD[icel] [0];
in2=1GELNOD[icel]
in3=IGELNOD[icel ]
in4=IGELNOD[icel]
inb=IGELNOD[icel ]
in6=IGELNOD[icel]
in7=IGELNOD[icel]
in8=ICELNOD[icel]

ND_TS_NODE (inT, in2) ;
D_TS_NODE (in1, in3);
TS_NODE (int1, ind):

TTSNODE (in 1n6) (Ene)=(1m1-1) (+1.-1-1)

(-1,+1,+1) (+1,4+1,+1)

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

SeTE W

TS_NODE (int, in7):
TS_NODE (int, in8):

TS_NODE (in2, inl):
TS_NODE (in2, in3):
TS_NODE (in2, ind) :
TS_NODE (in2, inb) :
TS_NODE (in2, in6) :
TS_NODE (in2, in7):
TS_NODE (in2, in8):

TS_NODE (in3, inl):
TS_NODE (in3, in2) :
TS_NODE (in3, ind) :
TS_NODE (in3, inb) :
TS_NODE (in3, in6) :
TS_NODE (in3, in7):
TS_NODE (in3, in8):
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BN RIEER : FIND TS NODE
INL,INU,IAL,JAU$ESR : —RIT Tld C DERS [EF B

/*kk

sxx FIND_TS_NODE
%% /

?tatic void FIND_TS_NODE (int ipl, int ip2)
int kk, icou;
for (kk=1;kk<=INLU[ip1-1];kk++) {
if(ip2 == IALU[ip1-1] [kk-1]) return;

icou=INLULip1-1]+1;
IALULip1-1][icou-11=ip2;
INLULip1-1]=icou;

return;

TH#H 4 H4 X S
INLU IN] gg;ﬁ@#%#ﬂﬁ&

[ALU [N] {[NLU] gﬁfﬁgfg?*ﬂﬁﬁ
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EiS3¥EZE : FIND TS NODE
RILTTIEC @ﬁB \li—EE)J

/*kk

sxx FIND_TS_NODE
%% /

static void FIND_TS_NODE (int ip1, int ip2)
int kk, icou;
for (kk=1;kk<=INLU[ip1-1]; kk++) {
if(ip2 == IALU[ip1-1] [kk-1]) return;

icou=INLULip1-1]+1;
IALULip1-1][icou-11=ip2;
INLULip1-1]=icou;

return;

BEIZIALUIZEENTLS
EalE, RORTA
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Eis¥EE : FIND TS NODE
XRITTIEZ d)ﬁB \li—EEJJ

/*kk

sxx FIND_TS_NODE

%% /

?tatic void FIND_TS_NODE (int ipl, int ip2)
int kk, icou;

for (kk=1:kk<=INLU[ip1-1] : kk++) {
| it (ip2 == IALULip1-11Tkk=11) return; IALUIZEFE N TLVELY

IBEIE, INLUIZ1IZAT
icou=INLU[ip1-1]+1;

[ALULip1-1] [i cou-1]=ip2; TALUIZ4&#
INLULip1-1]=icou;

return;
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FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE

FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE

FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE

FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE

(-1,+1,+1)

(—1,-1,+1)

(&n.¢)=(-1,-1-1)

THNARD T4 ET 4 ER
MAT CONO (3/4)

(+1,4+1,+1)
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34

THNARD T4 ET 4 ER
MAT CONO (4/4)

for (in=0; in<N; in++) {

NN=INLU[in];

TS_NODE (in8,
TS_NODE (in8,
TS_NODE (in8,
TS_NODE (in8,
TS_NODE (in8,
TS_NODE (in8,
TS_NODE (in8,

inl);
in2) ;
ind);
ind) ;
ind);
in6) ;
in7);

for (k=0;k<NN;k++) {

| NCOL1[k]=IALU[in] [k];

mSORT (NGOL 1, NCOL2, NN) ;

for (k=NN; k>0; k—) {

L EH EIZHULT, IALU[][k]A
INENWBSHLREVNES(C

i SRKIITY— (Bt NT )Ly —F)
HLEWMOBEDEDZEY—FT 5

| TALU[in] [NN-k]= NCOLT[NCOL2 [k-1]-11;
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CRSHEHANDZEH : MAT_CONT

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
%oid MAT_CON1 ()

int i,k kk;

indexLU=(KINT*) al locate_vector (sizeof (KINT), NP+1) ;
for (i=0; i<NP+1;i++) indexLU[i]=0;

C
for (i=0; i<NP; j++) |
indexLULi+1]1=indexLU[i]+INLULi];
index[i Z INLU[K]
NPLU=indexLU[NP] ;
itemLU= (KINT=) al locate_vector (sizeof (KINT), NPLU) ; index[0]=0
O R0 kEINLUE ] ke (
=0; e+
0lik:k+indexLU[=]: FORTRAN
] i temLU[kk]=IALULi] [k]-1: :
} index(i) = > INLU(K)
k=1
deal locate_vector (INLU) ; - _
ol oo vestor (IALLS index(0) =0
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CRSHEHANDZEH : MAT_CONT

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
void MAT_CON1 ()

int i,k kk;

indexLU=(KINT%) al locate_vector (sizeof (KINT), N+1) ;

for (i=0; i<N+1;i++) indexLU[i]=0;

for (i=0; i<NP; i++) {
indexLULi+1]=indexLU[i]+INLU[i];

NPLU=indexLU[NP] ;

itemLU= (KINT*) al locate_vector (sizeof (KINT), NPLU) ;

for (i=0; i<NP; i++) {
for (k=0; k<INLU[i];k++) {
kk=k+indexLU[i];
i temLU[kk]=IALU[i] [k]-1;

J

deal locate_vector (INLU) ;
deal locate_vector (IALU) ;

NPLU=index[NP]
itemMD YA X
JEE O IExt AR5

/N K
‘:L.\

36



pFEM3D-2

CRSEEXADZE#

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
void MAT_CON1 ()

int i,k kk;

indexLU=(KINT*) al locate_vector (sizeof (KINT), NP+1) ;
for (i=0; i<NP+1;i++) indexLU[i]=0;

for (i=0; i<NP; i++) {
indexLULi+1]=indexLU[i]+INLU[i];

MAT CON?

NPLU=indexLU[NP] ;
itemLU= (KINT*) al locate_vector (sizeof (KINT), NPLU) ;

for (i=0; i<NP; i++) {

for (k=0; k<INLU[i];k . - S his
OIZIE=k+indexLUEH ; A 1tem(-|-0J b\b&n i%)

| itenLUIKI=IALUE] -1 HAaEEA0E
}

deal locate_vector (INLU) ;
deal locate_vector (IALU) ;
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CRSHZADZEH#: : MAT_CON1

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
%oid MAT_CON1 ()

int i,k kk;

indexLU=(KINT*) al locate_vector (sizeof (KINT), NP+1) ;

for (i=0; i<NP+1;i++) indexLU[i]=0;

for (i=0; i<NP; i++) {
indexLULi+1]=indexLU[i]+INLU[i];

NPLU=indexLU[NP] ;

itemLU=(KINT*)al locate_vector (sizeof (KINT), NPLU) ;

for (i=0; i<NP; i++) {
for (k=0; k<INLU[i];k++) {
kk=k+indexLU[i];
i temLU[kk]=IALU[i] [k]-1;

deal locate_vector (INLU) ;
deal locate_vector (I1ALU) ;

NBIEHFTOFRE
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#include <stdio. h>

#include <stdlib.h>

FILEx fp_log;

#tdefine GLOBAL_VALUE_DEFINE
#include “pfem_util.h”

extern void PFEM_INIT (int, charx) ;

extern void INPUT_CNTLQ) ;
extern void INPUT_GRID() ;
extern void MAT_CONO() ;

extern void MAT_CON1() ;

extern void MAT_ASS MAINQ) ;
extern void MAT_ASS BC() ;
extern void SOLVE11() ;

extern void OUTPUT_UCD() ;
extern void PFEM_FINALIZE() ;
int main(int argc, charx argv[])

double START_TIME, END_TIME;
PFEM_INIT (argc, argv) ;

INPUT_CNTL () ;
INPUT_GRID () ;

MAT_CONO () ;
MAT_CON1 () ;

MAT_ASS_MAINQ) ;
MAT_ASS_BCO

SOLVE11 () ;

OUTPUT_UCD () ;
PFEM_FINALIZE()

AL

IH
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MAT ASS MAIN : &Kk

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|0|0|0|0|0|0|0O
O|O0|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|0|0|0
O|0|0|0|10|@|O |0 |
O|0|0|0|0|0|0|0
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%175 : MAT ASS MAIN (1/6)

#include <stdio.h>
#include <math. h>
#include “pfem_util.h”
#include “allocate. h”
extern FILE *fp_log;
extern void JACOBI () ;
¥oid MAT_ASS MAINOQ

int ik, kk;

int ip, jp, kp;

int ipn, jpn, kpn;

int icel;

int ie, je;

int iiS,iiE;

int in1,in2,in3, in4, inb, in6, in7, in8;
double SHi;

double QP1, QM1, EP1, EM1, TP1, TM1;
double X1, X2, X3, X4, X5, X6, X7, X8;
double Y1,Y2,Y3, Y4, Y5,Y6,Y7,Y8;
double 71,272,173, 74, 75,176,71,178;
double PNXi, PNYi, PNZi, PNXj, PNYj, PNZj;
double CONDO, QVO, QVC, COEFij;
double coef;

KINT nodLOCAL[8];

AMAT= (KREAL*) al locate_vector (sizeof (KREAL), NPLU) ;

B =(KREAL*) allocate_vector (sizeof (KREAL), NP ) ;
D =(KREAL*) allocate_vector (sizeof (KREAL), NP) ;
X =(KREAL*) allocate_vector (sizeof (KREAL), NP) ;

for (i=0; i<NPLU;i++) AMAT[i]=0.0;

for (i=0;i<N ;i++) B[i]=0.0;
for (i=0;i<N ;i++) D[i]=0.0;
for (i=0;i<N ;i++) X[i]=0.0;

1. 0000000000€0;
1..0000000000€0;

-0. 5773502692¢0;
0. 5773502692¢0;

A

1751 (GEFIEXNAMS)
kL

WY

B~

RE

2 kL
175 (AR
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%#17%1 : MAT_ASS_MAIN (1/6)

#include <stdio. h>
#include <math.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILE *fp_log;
extern void JACOBI () ;
%oid MAT_ASS_MAINQ

int i,k kk;

int ip, jp, kp;

int ipn, jpn, kpn;

int icel;

int e, je;

int iiS,iiE;

int inl,in2, in3, in4, inb, in6, in7, in8;
double SHi;

double QP1, QM1, EP1, EM1, TP1, TMT1;
double X1, X2, X3, X4, X5, X6, X7, X8; =
double Y1,Y2,Y3, Y4, Y5,Y6,Y7,Y8; A=d

double Z1,72,73,74,175,176,71,18; 7

double PNXi, PNYi, PNZi, PNXj, PNYj, PNZj; fEat 1) (1, 1)
double CONDO, QVO, QVC, COEFij; / Y
double coef;

KINT nodLOCAL[8];

AMAT= (KREAL*) allocate_vector (sizeof (KREAL), NPLU) ; £
B =(KREAL*) allocate_vector (sizeof (KREAL), NP) ; O
D =(KREAL*) allocate vector (sizeof (KREAL), NP) ;
X =(KREAL*) allocate_vector (sizeof (KREAL), NP) ; » =

for (i=0; i<NPLU; i++) AMAT[i]=0.0;
for (i=0;i<N ;i++) B[i]=0.0; fig i) @ =1
for (i=07i<N 7i++) D[i]=0.0; : 4

for (i=0;i<N ;i++) X[i]=0.0; WHE+ a & ZEH W

WEI [0]

WEI[1]
POS[0]
POS[1]

1..0000000000€0; . FELN i 57735 02692 1.00000 00000
i 0000000000c0:  POS: FEm mEEAE 0.5773

~0. 5773502602€0; ”
0 577380060000. WEIl: EARE
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%175 : MAT ASS MAIN (2/6)

/%K
INIT.
PNQ - 1st-order derivative of shape function by QSI
PNE - 1st-order derivative of shape function by ETA

PNT - 1st-order derivative of shape function by ZET
sokk /

for (ip=0: ip<2; ip++) {
for (jp=0; jp<2; jp++) {
for (kp=0; kp<2; kp++) {

QP1=1.e0 + POS[ip];
QM1=1.e0 - POS[ip];
EP1= 1.e0 + POS[jp];
EM1= 1.e0 - POS[jp];
TP1=1.e0 + POS[kp];
T™M1=1

.e0 - POS[kp];

SHAPE[ip] [jp] [kp][0]= 08th * QM1 * EM1 % TM1:
SHAPE [ip] [jp] [kl [11= 08th * QP1 * EMi * TMi:
SHAPE[ip] [ip] [kp][2]= 08th * QP1 % EP1 * TMi:
SHAPE[ip] [ip] [kp][3]= 08th * QM1 * EP1 % TMi:
SHAPE[ip] [ip] [kp][4]= 08th * QM1 * EMi * TPi:
SHAPE[ip] [ip] [kp][5]= 08th * QP1 * EM{ * TP1:
SHAPE[ip] [ip] [kp][6]= 08th * QP1 % EP{ * TP1:
SHAPE[ip] [Jp] [kp][7]= 08th * QM1 % EP1  TPi:

Soomen—o
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%475 : MAT ASS MAIN (2/6)

/%K
INIT.
PNQ - 1st-order derivative of shape function by QSI
PNE - 1st-order derivative of shape function by ETA

PNT - 1st-order derivative of shape function by ZET
sokk /

for (ip=0: ip<2; ip++) {
for (jp=0; jp<2; jp++) {
for (kp=0; kp<2; kp++) {

- 110 BOSHEL QPI(i)=(1+¢&). QMI(i)=(1-¢&)
1 150 = post EP1(j)=(1+7.) EMI(j)=(1-7)
Ibi= }:eO + POS[kp] V=715 J) ==

.e0 — POS[kp]: TPl(k) _ (1 n C;k ), TMl(k)
SHAPE [ip] [p] [kp] [0]= 08th * QM1 % EN1 * TMI:
SHAPE[ip] [jp] [kp] [1]= 08th * QP1 * EM1 * TM1'
SHAPE[ip] [jp] [kp] [2]= 08th + QP1 * EPT * TM1'
SHAPEip] [jp] [kp] [3]= 08th + QMi * EPT * TM1'
SHAPEip] [jp] [kp] [4]= 08th + QM{ * EM1 * TP1'
SHAPE[ip] [jp] [kp] [5]= 08th * QP1 * EM1 * TP1'
SHAPEip] [jp] [kp] [6]= 08th * QP1 * EP1 * TP1'
SHAPE[ip] [jp] [kp] [7]= 08th * QM1 * EP1 * TPT1;

1-¢)

SN =
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%475 : MAT ASS MAIN (2/6)

/%K
INIT.
PNQ - 1st-order derivative of shape function by QSI
PNE - 1st-order derivative of shape function by ETA

PNT - 1st-order derivative of shape function by ZET
sokk /

for (ip=0: ip<2; ip++) {
for (jp=0; jp<2; jp++) {
for (kp=0; kp<2; kp++) {

g1 p
=1.e0 - ipl; g
EP1= 1.0 + POS[jp]; (~1+1,+1) (+1,+1,+1)
w12
=1.e0 + pl;
TMi= 1.€0 - POS[kp] : (-1,-1,+1) (+1-1+1)

SHAPE[ip] [ip] [kp] [0]= 08th * QM1 * EM1 * TMI;
ip] [ip] [kp] [1]= 08th * QP1 % ENM1 * TMi:

1Lip] [kp] [2]= 08th * QP1 * EP1 * TM1:

ip] [ip] [kp] [3]= 08th * QM1 * EP1 % TM1:
SHAPELip] [1p] L] [4]= 08th * QUT * EM1 * TP
6

7

1= 08th * QP1 * EM1 * TP1;

[6]= 08th * QP1 * EP1 * TP1: _
71= 08th * Qi % EP1 * TP (&7.¢)=(=1-1-1) (+1-1-1)
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%175 : MAT ASS MAIN (2/6)

/%K
INIT.
PNQ - 1st-order derivative of shape function by QSI 1
PNE - ist-order derivative of shape function by ETA N (&,n,O)=—(1-EN1-n)1-
et st o e ety i (&1.8) =5 (1=EN1-n\1-¢)
kkk
for (ip=0; ip<2;ip++) { N =—(1+ =
G0 ip<sion [ J(Em0)= ( ENi-n)1-¢)
for (kp=0; kp<2; kp++) {
e 18 2 B €m0 =g+ N 4ni-0)
EP1=1.e0 + POS[jp];
I 1720 = POSTha]:
=1.e0 + ; _
TMI= 160 — POS[kp] N4(§,77,§)—5(1—5)0“7)(1—4)

SHAPE[ip] [ip] [kp] [0]= 08th * QM1 * EM1 * TMI;
ip] [jp] [kp] [1]1= 08th * QP1 * EM1 * TM1:

1 1
1[2]= 08th % QP1 * EP1 % TN _
'ip] 101 [ko] [31= 08th * QI % EPT % ThI Ns(§,77,§)——(1—5)(1—77)(1+§)
SHAPE[ip] [Jp] kp] [4]= 08th * QM1 * EM1 * TP1:
i [ 51= 06th + QP1 * ENl * TP1:
7

K01 U712 ath O * EP1 » Th1: Ne(&.7.8) =~ (1+f)( —n)1+¢)

N, (&,17,8) =~ (1+§)(1+77)(1+§)
N8<§,n,;>=§(1—§)(1+n)(1+4“)
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1%*51175']

PNQ[ jp

PN0=JD==
PNQLip] [
PNQLijp] |
PNQLip] |
PNQLip] |
PNQLip] |
PNQLjp] [

PNE[ip] [
PNELip] [
PNELip] [
PNELip] [
PNELip] [
PNELip] [
PNELip] [
PNEL[ip][

PNTLip] Lip]
PNTLip][]
PNTLip][]
PNTLip][]
PNTLip][]
PNTLip][]
PNTLip][]
PNTLip] [}

J
J
J

for ( icel=0;icel< ICELTOT;icel++) {

CONDO= COND;

in1=ICELNOD [
in2=1CELNOD [
in3=1CELNOD [
in4=1CELNOD [
in5=1CELNOD [
in6=1CELNOD [
in7=1CELNOD [
in8=1CELNOD [

[icel]
[icel]
[icel]
[icel]
[icel]
[icel]
[icel]
[icel]

SRTEONSS SRR GN O Z\iio’iioiiéioil\ii—“

SogiEeN =S

- 08th * EMI
+ 08th * EM1
+ 08th * EP1
- 08th * EP1
- 08th * EMI
+ 08th * EM1
+ 08th * EP1
- 08th * EP1

- 08th * QM1
- 08th * QP1
+ 08th * QP1
+ 08th * QM1
- 08th * QM1
- 08th * QP1
+ 08th * QP1
+ 08th * QM1

- 08th * QM1
- 08th * QP1
- 08th * QP1
- 08th * QM1
+ 08th * QM1
+ 08th * QP1
+ 08th * QP1
+ 08th * QM1

47

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;

PNQ(j,k) = 5‘(5 & =1, =4,)

PNE(i,k)=%—'j]'<§=éi,n=n,-,§=¢k)

PNT(i,j)=§—'?<§=§i,n=n,-,4=4k>

| 1y _
§(§I977]9é/k)_ 8( 77le gk)
5(5.,77,,41) +2-n,)1-¢)
6N3(§.»U,a§k) +1(1+77,-)(1—Ck)
o0& 8
;(f.:’?,:g ;("'ijl_gk)

(&.1,,8)) 1281 BRI S D — B 15>
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13?:*511T§|J MAT_ASS_MAIN (3/6)

PNQ [ jp

PN0=JD==
PNQLjp] [
PNQLjp] [
PNQLjp] [
PNQLjp] [
PNQLjp] [
PNQ[jp] [

PNE[ip]|
PNE[ip]|
PNE[ip]|
PNE[ip]|
PNE[ip]|
PNE[ip]|
PNE[ip] |
PNE[ip] [

PNT[ip][]

PNT[ip][]
PNT[ip][]
PNT[ip][]
PNT[ip][]
PNT[ip][]
PNT[ip][]
PNT[ip] [}

J
J
J

for ( icel=0;icel< ICELTOT; icel++) {

CONDO= COND;

in1=IGELNOD
in2=]GELNOD
in3=IGELNOD
in4=IGELNOD
in5=]GELNOD
in6=IGELNOD
in7=I1GELNOD
in8=ICELNOD

icel]
=!ce|=
=!ce|=
=!ce|=
=!ce|=
=!ce|=
=!ce|=
[icel]

SNOTECNAS Nooih N O HﬁﬁﬁﬁNH

SIS

- 08th * EM1 * TM1;
+ 08th * EM1 * TM1;
+ 08th * EP1 * TM1;
- 08th * EP1 * TM1;
- 08th * EM1 * TP1;
+ 08th * EM1 * TP1;
+ 08th * EP1 * TP1;
- 08th * EP1 % TP1;

- 08th * QM1 % TM1;
- 08th * QP1 * TM1;
+ 08th * QP1 * TM1;
+ 08th * QM1 * TM1;
- 08th = QM1 * TP1;
- 08th * QP1 * TP1;
+ 08th * QP1 * TP1;
+ 08th * QM1 * TP1;

— 08th * QM1 * EMI;
- 08th * QP1 * EM1;
- 08th * QP1 * EP1;
— 08th * QM1 * EP1:
+ 08th * QM1 * EMI:
+ 08th * QP1 * EMI:
+ 08th * QP1 * EP1: (-1,4+1,+1) (+1,+1,+1)
+ 08th * QM1 * EP1;

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

(&n.¢)=(-1,-1,-1) (+1,-1,-1)
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%217 -

nodLOCAL [0
nodLOCAL [1]
nodLOCAL [
nodLOCAL
nodLOCAL
nodLOCAL
nodLOCAL [
nodLOCAL [

X1=XYZ[in1

X2=XYZ[in2-
X3=XYZ[in3-
X4=XYZ[in4-
X5=XYZ[in5-
X6=XYZ[in6-
X7=XYZ[in]-
X8=XYZ[in8-

Y1=XYZ[in1

Y2=XYZ[in2-
Y3=XYZ[in3-
Y4=XYZ[in4-
Y5=XYZ[in5-
Y6=XYZ[in6-
Y7=XYZ[in]-
Y8=XYZ[in8-

SogseNn—o

inl;

in2;
in3;
ind;
ind;
inb;
in7;
in8;

_1=

1]
1]
1]
1]
1]
1]
1]

11011
1
11017
11017
11017
11017
11017
11017

EEEEEEES

T T T T T e
RS W G W G QN Q—y
L L L L L L

MAT ASS MAIN (4/6)

’E‘-ﬁ ll\\o)’E‘-ﬁ ll\\%% (_ 1’+1’+1) (+ 19+13+1)
(-1-L+1) (+1,-1,4+1)

(+1,+1,-1)
(&n.0)=(-1,-1,-1) (+1,-1,-1)

QVC= 08thx* (X1+X2+X3+X4+X5+X6+XT+X8+Y1+Y2+Y3+Y4+Y5+Y6+YT+Y8) ;

Z1=XYZ[in1

22=XYZ[in2-
£3=XYZ[in3-
Z4=XYZ[in4-
£5=XYZ[in5-
26=XYZ[in6-
Z1=XYZ[in]-
£8=XYZ[in8-

-1]1[2];
1]
1]
1]
1]
1]
1]
1]

SISISISISISISIS

JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ,
X2, X3, X4, X5, X6, X7, X8,
Y2, Y3, Y4, Y5, Y6, Y7, Y8, 71, 72, 73, 74, 15, 16, 717, 18);

X1,
Y1,
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%=2ITA -

nodLOCAL [0
nodLOCAL [1]
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [

[in1-1]
[in2-1]
[in3-1]
[ind-1]
[in5—1]
[in6-1]
[in7-1]
[in8-1]

[in1-1]
[in2-1]
[in3-1]
[ind-1]
[in5—1]
[in6-1]
[in7-1]
[in8-1]

X1=XYZ
X2=XYZ
X3=XYZ
X4=XYZ
X5=XYZ
X6=XYZ
X7=XYZ
X8=XYZ

Y1=XYZ
Y2=XYZ
Y3=XYZ
Y4=XYZ
Y5=XYZ
Y6=XYZ
Y7=XYZ
Y8=XYZ

SHooswN—o

inl;

|n2:
in3;
in4;
ind;
inb;
in7;
in8;

CEEEEEES

[ s | e | pn | ey |y | oy |y |y |
— ek ) —) —) —) — —
[ TN T | N | NN | MU | N | B |

MAT ASS MAIN (4/6)

(-1,+1,+1) (+1,+1,+1)
(=1.-1+1) (+1,-1,+1)
(+1,+1,-1)
8EN D XEEFE
&m.¢)=(1,-1,-1) (+1,-1,-1)

QVC= 08thx* (X1+X2+X3+X4+X5+X6+XT+X8+Y1+Y2+Y3+Y4+Y5+Y6+YT+Y8) ;

Z1=XYZ
£2=XYZ
23=XYZ
Z4=XYZ
25=XYZ
26=XYZ
Z1=XYZ
28=XYZ

[in1-1][
[in2-1]
[in3-1]
[ind-1]
[in5-1]
[in6-1]
[in7-1]
[in8-1]

SIS

SEI R DZEEFE

JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ,

X1,
Y1,

X2, X3, X4, X5, X6, X7, X8,
Y2, Y3, Y4, Y5, Y6, Y7, Y8, Z1, 72, 13, 74, I5, 16, Z],

4

/8) ;

REFEE
.\\%?b\blﬁK
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%2175 : MAT_ASS_MAIN (4/6)

nodLOCAL [0
nodLOCAL [1]
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [

X1=XYZ[in1-1]
X2=XYZ[in2-1]
X3=XYZ[in3-1]
X4=XYZ[ind-1]
X5=XYZ[in5-1]
X6=XYZ[in6-1]
X7=XYZ[in7-1]
X8=XYZ[in8-1]

Y1=XYZ[in1-1]
Y2=XYZ[in2-1]
Y3=XYZ[in3-1]
YA=XYZ[ind-1]
Y5=XYZ[in5-1]
Y6=XYZ[in6-1]
Y7=XYZ[in7-1]
Y8=XYZ[in8-1]

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

Z1=XYZ[in1-1][2]:
a(laT}a /IaT 6(28_TJ+Q(X .z )
ox\ ox) oy\ oy) oz\ oz

Z2=XYZ[in2-1]
Z3=XYZ[in3-1]
Q(X, Y,2)=QVOL|x; + Y|
- A\Y AR \
JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ Lk RE(THE v 1L

Z4=XYZ [ ind-1]
Z5=XYZ [ n-1]
XT, X2, X3, X4, X5,'X6, X7, X8, (Z)I*'$EE C,yc) l 1223??
YU Y2 Y3 Y4, Y5, Y6, YT, Y8 Z1, 72, Zb, mr cur ont

int;
in2:
|n3§
:ng (-1,+1,+1) (+1,+1,+1)
|n9:
in7;
ing: (-1-1+1) (+1,-1,+1)

SHooiswn —o

CEEEEEES

(&n.0)=(-1,-1,-1) (+1,-1,-1)

REFEE
.“%Hh\lﬂ?l(

8’E‘-ﬁll\\0)Y@ g ‘ r

[ s | e | pn | ey |y | oy |y |y |
— ek ) —) —) —) — —
[ TN T | N | NN | MU | N | B |

26=XYZ[in6-1]
ZT=XYZ[in7-1]

SISISISISISISIS
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%=2ITA -

nodLOCAL [0
nodLOCAL [1]
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [ in/;
nodLOCAL [ ing;

X1=XYZ[in1-111
X2=XYZ[in2-1]
X3=XYZ[in3~1]
X4=XYZ[ind~1]
X5=XYZ [inb-1]
X6=XYZ[in6~1]
X7=XYZ[inT-1]
X8=XYZ[in8~1]

Y1=XYZ[in1-1]
Y2=XYZ[in2-1]
Y3=XYZ[in3~1]
YA=XYZ[ind~1]
Y5=XYZ[in5-1]
Y6=XYZ[in6-1]
Y7=XYZ[inT-1]
Y8=XYZ[in8~1]

inl;

|n2:
in3;
in4;
ind;
inb;

SHooiswn —o

EEEEEEES

| e | e | s | sy | s | s | ey | ey |
RS W G W G QN Q—y
[N | WY | NN | WO | NN | SN | WO | B |

MAT ASS MAIN (4/6)

(~L+L+1) (+1,+1,+1)
(-1-L+1) (+1,-1,4+1)
(+1,+1,-1)
&n.¢)=(-1,-1-1) (+1,-1,-1)

FEFZE(E
: .\\%?h\bng

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

Z1=XYZ[in1-1] [21;
Z2=XYZ[in2-1]
Z3=XYZ[in3-1]
Z4=XYZ[ind-1]
Z5=XYZ[ inb-1]
Z6=XYZ[in6-1]
Z7=XYZ[in7-1]
Z8=XYZ[in8-1]

SISISISISISISIS

JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ,

X1, X2, X3, X4, X5, X6, X/, X8,

Y1, Y2, Y3, Y4, Y5, Y6, Y/, Y8, /1,

0 oT 0 ol 0 ol
A A A—

8x( axj+ay£ ay] az( 82)+Q0(y’)
Q(%,Y,2)=QVOL|X; + Y|
QVC =|x. + Y|

22, 73, 74, 15, 16, 71, 18);
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%=2ITA -

nodLOCAL [0
nodLOCAL [1]
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [

X1=XYZ[in1

X2=XYZ[in2-
X3=XYZ[in3-
X4=XYZ[in4-
X5=XYZ[in5-
X6=XYZ[in6-
X7=XYZ[in]-
X8=XYZ[in8-

Y1=XYZ[in1

Y2=XYZ[in2-
Y3=XYZ[in3-
Y4=XYZ[in4-
Y5=XYZ[in5-
Y6=XYZ[in6-
Y7=XYZ[in]-
Y8=XYZ[in8-

SHooiswn —o

inl;

|n2:
in3;
in4;
ind;
inb;
in7;
in8;

_1=

1]
1]
1]
1]
1]
1]
1]

11011
1
11017
11017
11017
11017
11017
11017

EEEEEEES

T T T T T e
RS W G W G QN Q—y
L L L L L L

MAT ASS MAIN (4/6)

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

Z1=XYZ[in1

22=XYZ[in2-
£3=XYZ[in3-
Z4=XYZ[in4-
£5=XYZ[in5-
26=XYZ[in6-
Z1=XYZ[in]-
£8=XYZ[in8-

17021
1]
1]
1]
1]
1]
1]
1]

SESEESEE

JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ,
X2, X3, X4, X5, X6, X7, X8,
Y2, Y3, Y4, Y5, Y6, Y7, Y8, Z1, 72, 73, 74, 15, 16, 71, 18);

X1,
Y1,
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%475 : MAT ASS MAIN (5/6)

CONSTRUCT the GLOBAL MATRIX

%k /
for (ie=0; ie<8; ie++) { SRTH D IEX AL
ip=nodLOCAL[ie]: 17T X 7]
for (je=0; je<8.; j
S edida e Ao i
i 1= ip ] |
if( jp 1= ip : N
| 1S=indexLUip-1]; kk:itemLUIZH[THT LR

i iE=indexLULip 1]
for ( k=iiS;k<iiE;k++) {
if (itemlULk] == jp-1 ) {

kk=k;
g break 1p= nodLOCAL[ie]
} jp=nodLOCAL[je]
(141,41 (+L+1+1) INLIRFLHERES

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

54



< k)OO R 8%x81TH

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||®
HO|O|0|0]0|0|@]|0|®

O|O00|0|0]0|0|0||®

O|010(0|0|0|0|0||®

O|010(0|0|0|0|0||®

O|O00|0|0]0|0(|0]||®

O|1010|0|0|0|0|0||®

(+1,-1,-1)

(&1.¢)=(-1,-1-1)
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**1,3?:%5 1751 : MAT_ASS_MAIN (5/6)

CONSTRUCT the GLOBAL MATRIX

%k /

for (ie=0;ie<8;ie++) {
ip=nodLOCAL[ie];

o hodldEiL el | BRI ()
1 LRI R (i ~j) DB
Tt
RE A i KelemLUEBIT & 7RLA
if( itemLU[k] == jp-1){

kk=k;
break;

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

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




BH4TH| - MAT_ASS_MAIN (6/6)

QV0= 0. e0;
COEFi j= 0.e0;

for (kpn=0;kpn<2;kpn++) {
for (jpn=0; jpn<2; jpn++) {
for (ipn=0; ipn<2; ipn++) {
coef= fabs(DETJ[lpn][Jpn][kpn])*WEI[lpn]*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];
COEF i j+= coef*GONDO* (PNX i*PNX j+PNY i *PNY j+PNZi*PNZj) ;

SHi= SHAPE[ipn] [jpn] [kpn] [ie];
QVO+= SHi * QVOL * coef;

}
}
}

if (jp==ip) {
D[ip-1]+= COEFi j;
BLip-1]+= QVO*QVC;

it (p !=ip) {
AMAT [Kk]+= COF~"

) 1l [ ON. ON . ON. ON, ON. ON,
— A—! ) +A t(J| d
) [“11 x ox oy ay oz oz }de‘ | pednds




THRE4TE - MAT ASS MAIN (6/6)

QV0= 0. e0;
COEFi j= 0.e0;

for (kpn=0;kpn<2;kpn++) {
for (jpn=0; jpn<2; jpn++) {
for (ipn=0; ipn<2; ipn++) {
coef= fabs(DETJ[lpn][Jpn][kpn])*WEI[lpn]*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];
PNYj= PNY[ipn] [jpn] [kpn] [je]:
PNZj= PNZ[ipn] [jpn] [kpn] [je];
COEF i j+= coef*GONDO* (PNX i*PNX j+PNY i *PNY j+PNZi*PNZj) ;

SHi= SHAPE[ipn] [jpn] [kpn] [ie];

QV0+= SHi * QVOL * coef; sl ]
} =] [ [f&n.¢)dednds
} -1 -1
} L M N
oL Gor =2 2 2 W W HE(E,7,.60)
BLip-1]+= QVO*QVC; i=1  j=1 k=l
it 2 cor-
) IR ON. - ON, ON.
N S R E e
}} -4—L41‘ oX  OX 6y 6y 0z 0oz




THRE4TE - MAT ASS MAIN (6/6)

QV0= 0. e0;
COEFi j= 0.e0;

for (kpn=0;kpn<2;kpn++) {
for (jpn=0; jpn<2; jpn++) {
for (ipn=0; ipn<2; ipn++) {
coef= fabs(DETJ[|pn][Jpn][kpn])*WEl[|pn]*WEI[Jpn]*WEI[kpn]

PNXi= PNX[ipn] [jpn] [kpn] [ie];

PNYi= PNY[ipn] [jpn] [kpn] [ie]; _ (

PNZi= PNZ[ipn] [jpn] [kpn] [ie]; COef_vvi 'Wj 'Wk 'det“] §i>77ja'/;k1
PNXj= PNX[ipn] [jpn] [kpn] [je];
PNYj= PNY[ipn] [jpn] [kpn] [je]:
PNZj= PNZ[ipn] [jpn] [kpn] [je];

COEF i j+= coef*CONDO= (PNXi*PNX j+PNY i *PNY j+PNZ i*PNZj) ;

SHi= SHAPE[ipn] [jpn] [kpn] [ie];
QVO+= SHi * QVOL * coef;

+1 +1 +1

. =] [ [f&n.¢)dednds
121 41

} L M N

'fDEfoT]'El SoEFi i = Z_: 2 ZI‘N. W, -W, f(fi,m,?k)l

BLip-1]+= QVO*QVC; i=1  j=1 k=l
ifAﬁi?[iR]lg)cér"'-
J Al - ON . 6N ~ON .
| A E e

}} -4—L41‘ oX  OX 6y 6y 0z 0oz




BH4TH| - MAT_ASS_MAIN (6/6)

QV0= 0. e0;
COEFi j= 0.e0;

for (kpn=0;kpn<2;kpn++) {
for (jpn=0; jpn<2; jpn++) {
for (ipn=0; ipn<2; ipn++) {
coef= fabs(DETJ[lpn][Jpn][kpn])*WEI[lpn]*WEI[Jpn]*WEI[kpn]

PNXi= PNX[ipn] [jon] [kpn] [ie];
PNYi= PNY[ipn] [jpon] [kpn] [ie];
PNZi= PNZ[ipn] [jpn] [kpn] [ie];

PNXj= PNXLipn] [jon] [kpn] [je];
PNY j= PNY[ipn] [jpn] [kon] [je];

PNZj= PNZ[ipn] [jpn] [kpn] [jel;
COEF i j+= coef*CONDO* (PNXi*PNX j+PNY i xPNY j+PNZi*PNZj) ; [L(U J (Ia J — 1~ . 8)
SHi= SHAPE[ipn] [jpn] [kpn] [iel: J
QVO+= SHi * QVOL * coef; ololololololololle
! olo|olo]olo]o]o]| e
} ilololo|o|o]ole|o]e
TSR, feri: olo|olo]olololo]e
| Blip- 1]+—0V0*0VC; olololololololole
'fArH[l'&]lE)ccgEFu; O|O|0|0|0|0|0|0|| @
! olo|olo]olololo]e
) olo|olololololo]e




REATS

QV0= 0. e0;
COEFi j= 0.e0;

MAT ASS MAIN (6/6)

for (kpn=0;kpn<2;kpn++) {

for (jpn=0; jpn<2; jpn++) {

for (ipn=0; ipn<2; ipn++) {
coef= fabs(DETJ[lpn][Jpn][kpn])*WEI[lpn]*WEI[Jpn]*WEI[kpn]

PNXi= PNX
PNYi= PNY
PNZi= PNZ

PNX j= PNX

;Ipn:
:Ipn:
LIpn]

[ipn]
PNYJj= PNY[ipn]

PNZ j= PNZ[ipn]

:Jpn:
:Jpn:
Ljpn}

[ jpn]
:J.pn:
LJpn]

[kpn]
[kpn]
[kpn]
[kpn]
[kpn]
[kpn]

[ie]:
[ie]:
L1el.
[je]

[jel:
el

K"t} = {1}
11° = [QN av

COEF i j+= coef*CONDO= (PNXi*PNX j+PNY i *PNY j+PNZi*PN.J) ;

SHi= SHAPE[ipn] [jpn] [kpn][ie]:
QVO+= SHi * QVOL * coef:

}
}
}

if (jp==ip)

{
D[lp—l]+— COEFi j;

B[ip-1]+= QVO*QVC;

if (jp I=_ip)

{
| AMAT[kk]+— COEFij;

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

[f]¥ =QVo0.QvC
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MAT ASS BC : &R

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=2,,,
endif
enddo

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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63

IEREH - MAT_ASS BC (1/2)

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILE *fp_log;
¥oid MAT_ASS_BC ()

int i,j,k, in,ib, ib0, icel;

int in1, in2, in3, in4, inb, in6, in7, in8;
int iql, 192, 193, iag4, igb, ig6, iq7, ig8;
int iS, iE;

double STRESS, VAL;

IWKX= (KINT**) allocate_matrix(sizeof (KINT) N, 2);
for (i=0; i<N;i++) for (j=0; j<2; j++) IWKX[i][j]=0;

/%%
/=Imax

%k /
for (in=0; in<NP; in++) IWKX[in][0]=0;
ib0=-1;

for ( ib0=0; ibOKNODGRPtot ; ib0++) {

i f ( stromp (NODGRP_NAME[ibO]. name, “Zmax”) == 0 ) break;

for ( ib=NODGRP_INDEX[ib0] ; ib<NODGRP_INDEX[ib0+1] ; ib++) {
in=NODGRP_ITEM[ib] ;
IWKX[in-1][0]=1;

BRI IL—TEZMNZmax | THD
B Ein(1MBIRESD)IZELT:

IWKX[in-1][0]= 1

EI B
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IHEREH - MAT_ASS BC (2/2)

for (in=0; in<NP; in++) {
if ( IWKX[in][0] == 1){
BLin]= 0.e0;
DLin]l= 1.e0;
for (k=indexLU[in];k<indexLU[in+1];k++) {
| AMAT [k]= 0. €0;

J
J

for (in=0; in<NP; in++) {
for (k=indexLU[in];k<indexLU[in+1];k++) {
if (IWKX[itemLU[k]I[0] ==1) {
| AMAT [k]1= 0. e0;

64
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IHEREH - MAT_ASS BC (2/2)

ite: i) IO
UBlinl= 020, IWKX[in-11[0]=1¢& A8 SEICxt LT

D[in]= 1. e0: . . .
for (keindexLULin] :k<indexLULin+1] :k++) { stAMS=1, HA38=0, IEFExFAR=0
} AMAT [k]= 0. €0;

}
} L

for (in=0; in<NP; in++) { | scd=lyl) by
for (k=indexLU[in];k<indexLU[in+1];k++) {
if (IWKX[itemLU[k]I[0] ==1) {
| AMAT [k]1= 0. e0;

B

T TWAZEHLICPUD MRS
E<EH i
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IHEREH - MAT_ASS BC (2/2)

for (in=0; in<NP; in++) {
if( IWKX[in][0] == 1) {

Bfin]= 0.0 IWKX[in-1][0]=1¢ G5 mEEFIERA
fomk%iﬂdgx%U[(i)n]:k<indexLU[in+1]:k++){ E‘Zﬁj\& L/—Cﬁ LTL\%)’EFﬁ,'ﬁ(:i‘T L/—C,
N Hd= 0.0: FDA~SE, MZIETIERFHHK=0
} il

for (in=0; in<NP; in++) {
for (k=indexLU[in];k<indexLUL[in+1];k++) {
if (IWKX[itemLU[KII[0] == 1) {
\ AMAT [k]= 0. e0;

}
}
}

Bk, aoy7r

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

- #EAE
— HIEN 25 SR EE A+ 3A A+
— FERESEHIAA>ERER (NETRE, NE : EXRE)
— EEHMERILE (2R RO R, BRI LU R)
—EEF2ART MYV RTYETS (Index, Item)

« Y M) RER

— BRHBEAMOANE (doicel=1, NE)
s XY MU REE
c 2T N AANDEREDE

- RRFHEONHE

F—RAENR
- X BEe;E (CG)




pFEM3D-2

= Tl Bl ZA
EfEfa— K

testl

input_cntl

Ao7ag5 A

heat3Dp

HET—2AH

input_grid

68

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

cg
CGEEtE
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#include <stdio. h>

#include <stdlib.h>

FILEx fp_log;

#tdefine GLOBAL_VALUE_DEFINE
#include “pfem_util.h”

extern void PFEM_INIT (int, charx) ;

extern void INPUT_CNTLQ) ;
extern void INPUT_GRID() ;
extern void MAT_CONO() ;

extern void MAT_CON1() ;

extern void MAT_ASS MAINQ) ;
extern void MAT_ASS BC() ;
extern void SOLVE11() ;

extern void OUTPUT_UCD() ;
extern void PFEM_FINALIZE() ;
int main(int argc, charx argv[])

double START_TIME, END_TIME;
PFEM_INIT (argc, argv) ;

INPUT_CNTL () ;
INPUT_GRID () ;

MAT_CONO () ;
MAT_CON1 () ;

MAT_ASS_MAINQ) ;
MAT_ASS_BC(O

SOLVE11 0 ;

OUTPUT_UCD () ;
PFEM_FINALIZE()

AL

IH

69
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#include <stdio. h>
#include <string. h>
#include <math.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILE *fp_log;
extern void CG() ;

%oid SOLVE11 ()

int i, j,k, ii,L;

int ERROR, [CFLAG=0;
CHAR_LENGTH BUF;

/**
| PARAMETERs |
**/
ITER = pfemlarray[0];
RESID = pfemRarray[0] ;
/%
| ITERATIVE solver |
**/I I

CG (N, NP, NPLU, D, AMAT,

SOLVE11

CG&&GDHﬂ3E4ﬂEE

indexLU, itemLU,

B, X. RESID. ITER, &ERROR, my_rank,
NEIBPETOT, NEIBPE, IMPORT INDEX, TMPORT_ITEM,

EXPORT__INDEX, EXPORT _ITEM) ; }
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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

« BILEITIIE LT, 3 EDTHDORAEBT DA 2 B
L L 7=175 ZRiLE1THI [M] £F B,

—XABXr—1) S, m¥aE (point-Jacobi) RILIE

T

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

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

[N
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CGix (1/6)

#include <stdio.h>
#tinclude <math.h>
#include “mpi.h”
#include “precision.h”
#include “allocate.h

extern FILE *fp_log;
extern void SOLVER_SEND_RECV ()

/%%
CG solves the linear system Ax = b using the Conjugate Gradient
iterative method with the following preconditioners

sokk
void CG (
KINT N, KINT NP, KINT NPLU, KREAL D[],
KREAL AMAT([], KINT indexLU[], KINT itemLU[],
KREAL B[], KREAL X[1, KREAL RESID, KINT ITER, KINT *ERROR, int my_rank
int NEIBPETOT, int NEIBPE[],
int IMPORT_INDEX[], int IMPORT_ITEM[],
{ int EXPORT_INDEX[], int EXPORT_ITEM[])
int i, ], k;
int ieL, isL, ieU, isU;
double WVAL;

double BNRM20, BNRM2, DNRM20, DNRM2 ;

double S1_TIME, E1_TIME;

double ALPHA, BETA;

double C1, C10, RHO, RHOO, RHO1 ;

int i terPRE; _ . _ .
KREAL *WS, *WR; EENYITT7, BIENYTTF
KREAL *xWW;

KINT R=0, Z=1, =1, P=2, DD=3;
KINT MAXIT;
KREAL TOL;

double COMPtime, COMMtime, R1;
double START_TIME, END_TIME;
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S
CGE
4
ERROR= 0;

WW=(KREAL**) allocate matrix(sizeof (KREAL), 4, NP) ;
WS=(KREAL* ) allocate_vector (sizeof (KREAL), NP);
WR=(KREAL* ) allocate_vector (sizeof (KREAL), NP);

MAXIT = ITER;
TOL = RESID;

for (i=0; i<NP;i++) X [i
for (i=0; i<NP;i++) for (j
for (i=0; i<NP;i++) WS[i
for (i=0; i<NP;i++) WR[i

/%

| S—

<4 j++) WN[j1Li1=0.0;

’
’

OSOOO

0
|
.0
.0

[T

i {ro}= {b} - [A]l{xini} i
**/I I

SOLVER_SEND_RECV

( NP, NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM,

EXPORT_INDEX, EXPORT_ITEM, WS, WR, X , my_rank) ;

for (j=0; j<N; j++) {
WWIDD][jI= 1.0/D[]l;
WVAL= B[j1 - DLjI*X[jl;

for ( k=indexLU[j];k<indexLU[j+1];k++) {
i= itemLU[k];
WVAL+= -AMAT [k1*X[i];

| WWIRT [j1= WVAL;
BNRM20= 0. €0;

for (i=0; i<N; i++) {
BNRM20+= B[i]*B[il;]}

74

(2/6)

Compute r®= b-[A]x©®
for i=1, 2, .
solve [M]z(-D= rG-D
Pi_1= r@i-10 z@-1)
it i1=1
p(l): 7 (0)
else
Bi-1= Pi-1/Pi-2 _
pW= zG-D + B. , pG-b
endif
qﬁ): [A]p(U
a; = pi_/pMg®
x(M= x(@@-1) 4 Otip(i)
r= rG-H - ¢.q®
check convergence |r|

D
-

MPI_Al lreduce (&BNRM20, &BNRM2, 1, MPI_DOUBLE, MPI_SUM, MPI_COMM_WORLD) ;
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SOLVER_SEND_RECV (1/2)

#include <stdio.h>

#include <math.h>

#include “mpi.h”

#include “precision. h”

#include “allocate. h”

static MPI_Status *stal, *sta2;

static MPI_Request *reql, *req?2;

static KINT NFLAG=0;

extern FILE *fp_log;

void SOLVER_SEND_REGCV ( int N, int NEIBPETOT,
int NEIBPE[], int IMPORT_INDEX[], int IMPORT_ITEM[],
int EXPORT_INDEX[], int EXPORT_ITEM[],
KREAL WS[], KREAL WR[], KREAL X[1, int my_rank)

int ii,k, neib, istart, inum;
/*kk
INIT.
*okk /
if( NFLAG == 0 ) {
stal=(MPI_Status*)al locate_vector (sizeof (MPI_Status), NEIBPETOT) ;
sta2=(MP]_Status*)al locate_vector (sizeof (MPI_Status), NEIBPETOT) ;
regl=(MPI_Request*)al locate_vector (sizeof (MPI_Request), NEIBPETOT) ;
reg2=(MPI_Request*)al locate_vector (sizeof (MPI_Request), NEIBPETOT) ;
NFLAG=1;}
/%%
SEND
*okk/

for ( neib=1;neib<=NEIBPETOT; neib++) {
istart=EXPORT_INDEX [neib-1];
inum =EXPORT_INDEX[neib]-istart;
for ( k=istart;k<istart+inum;k++) {
ii= EXPORT_ITEM[k];
| WS[kl= X[ii-1];

MPI_Isend (8WS[istart], inum, MPI_DOUBLE,
NEIBPE[neib—-1]1, 0, MPI_COMM_WORLD, &reql [neib-1]) ;
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SOLVER_SEND_RECV (2/2)

/%%

RECEIVE

*okk/

for ( neib=1;neib<=NEIBPETOT; neib++) {
istart=IMPORT_INDEX[neib-1];
inum =IMPORT_INDEX[neib]-istart;
MPI_Irecv(8WR[istart], inum, MPI_DOUBLE,
| NEIBPE[neib—1]1, 0, MPI_COMM_WORLD, &reg2 [neib-1]) ;

MPI_Waitall (NEIBPETOT, req2, sta?);

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=IMPORT_INDEX[neib-1];
inum =IMPORT_INDEX[neib]-istart;
for ( k=istart;k<istart+inum;k++) {
ii = IMPORT_ITEM[k];
X[ii—-1]1= WR[k];

]
MPI_Waitall (NEIBPETOT, reql, stal);
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CGi&

for ( ITER=1; ITER<= MAXIT; ITER++) {
/%

i {z}= [Minv]{r} |
**/I I

for (i=0; i<N; i++) {
} WW[ZI[il= WW[DD][i]*WW[R][i];

/*%
i {RHO}= {r} {z} |

sk /
RHOO= 0. e0;

for (i=0;i<N; i++) {
RHOO+= WW[RT [i]+WW[Z][i];

MPI_Allreduce (&RHOO, &RHO, 1, MPI_DOUBLE, MPI_SUM,

MP1_COMM_WORLD) ;

/*%

| {o} = {2} if ITER=1
BETA= RHO / RHO1 otherwise

sk /
if( ITER == 1) {
for (i=0;i<N; i++) {
WWLPI[il=Www[Z][il:

lelse{
BETA= RHO / RHO1;
for (i=0;i<N; i++) { _
| WWIPTLiI=WW[ZI[il + BETA+WW[PIL[il.

(3/6)

Compute r©®= b-[A]x®
for i= 1, 2, .
solve [M]z(-D= rG-D
Pij_1— r@-1 z3@G-1)
if 1=1
p(l): 7 (0)
else
Pi_1= Pi-_1/Pi-2 _
p(O= zG-D 4+ g, pG-D
endif
q(i): [A]p(i)
a; = pi_/pMg®
x(M= x(@@-1) 4 aip(i)
rM= G-1) _ aiq(i)
check convergence |r|

)
>
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CGix (4/6)

/%

| fal= G |

sk /

SOLVER_SEND_RECV

( NP, NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM,
EXPORT_INDEX, EXPORT_ITEM, WS, WR, WW[PI, my_rank) ;

for ( j=0; j<N; j++) {
WVAL= D[j] * WW[PIL[j];
for (k=indexLU[]j]; k<|ndexLU[J+1] k++) {
i=itemLU[K];
WVAL+= AMAT [k] * WPI[il;

] WWLQ] [jI=WVAL;

/*%

i ALPHA= RHO / {p} {a} i

sk /
C10= 0.e0;
for (i=0; i<N;i++) {
] C10+=WW[P] [i1*WW[QI[i];

MPI_AlIreduce (&G10,&C1, 1, MPI_DOUBLE, MPI_SUM,

MP1_COMM_WORLD) ;
ALPHA= RHO / C1;

Compute r©®= b-[A]x®
for i= 1, 2, .
solve [M]z(-D= rG-D
Pi_1= r@i-10 z@-1)
if i1=1
p(l): 7 (0)
else
Bi-1= Pi-1/Pi-2 _
pW= zG-D + B. , pG-b
endif
g®= [A]p@®
a; = pi_/pMqg®
x(M= x(@@-1) 4 Otip(i)
r= rG-H - ¢.q®
check convergence |r|

D
-
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CGix (5/6)

/

Kk
| {x]= ALPHA* {p} |
| 12 B A |
**/I I
for (i=0;i<N; i+ {
X [i] += ALPHA *WW[PI[i];
] WWIR] [i]+= -ALPHA *WW[Q][il;

DNRM20= 0. e0;
for (i=0; i<N; i++) {
DNRM20+=WW[R] [i J*WW[R] [i]:

MPI_AlIreduce (&DNRM20, &DNRM2, 1, MPI_DOUBLE, MPI_SUM,

MP1_COMM_WORLD) ;
RESID= sqrt (DNRM2/BNRM2) ;

if ( RESID <= TOL ) break;
if ( ITER == MAXIT ) *ERROR= -300;

RHO1 = RHO ;

SOLVER_SEND_RECV

( NP, NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM,
EXPORT_INDEX, EXPORT_ITEM, WS, WR, X, my_rank) ;

free ( (KREAL*x)WW) ;
deal locate_vector ( (KREAL*x)WR) ;
deal locate _vector ( (KREAL*x)WS) ;

Compute r©®= b-[A]x®
for i=1, 2, .
solve [M]z(-D= rG-D
Pi_1= r@a-1 »@G-1)
1t 1=1
p(l): 7 (0)
else
Bi-1= Pi-1/Pi-2 _
pW= zG-D + B. , pG-b
endif
qﬁ): [A]p(D
a; = pi_/pMg®
x(M= x(i-1) 4 Otip(i)
r= rG-1H - ¢.q®
check convergence |r]|

D
-



pFEM3D-2 80

CGix (6/6)

/%

| x]= [x] + ALPHA¥ [o] i
! ir}= {r} - ALPHAx{q} !

*k /
for (i=0; i<N;i++) {
X [i] += ALPHA =WW[P][i];
} WW[R] [i]+= —ALPHA *WW[Q][i];

DNRM20= 0. e0;
for (i=0;i<N; i++) {
DNRM20+=WW[R] [i J+WW[R]I[i];

MPI_Allreduce (&DNRM20, &DNRM2, 1, MPI_DOUBLE, MPI_SUM,
MPI_COMM_WORLD) ;

RESID= sqrt (DNRM2/BNRM2) ;

if ( RESID <= TOL ) break;
if ( ITER == MAXIT ) *ERROR= -300;

RHO1 = RHO ;

SOLVER_SEND_RECV

( NP, NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM,
EXPORT_INDEX, EXPORT_ITEM, WS, WR, X, my_rank) ;

free ( (KREAL*x)WW) ;
deal locate_vector ( (KREAL*x)WR) ;
deal locate _vector ( (KREAL*x)WS) ;

NRICEHOE CRE) ZAnb
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OUTPUT UCD

o RFEBMGINELEM listiCATE T A2 EERDIFHRETEDHD

— intELEM list: {ETRDETHEHEBESD>EHREEHFVESD
MBIHICATET 5 -ERIGT

MPI_Allgathervz{E>TLUL T DIEEHRZ—ETIZEH S

—- BB EEE, BE

- BR EFRARITAETA(BEFRTIER T HE =)

c BEDIEMIEI—EESE

o [EREFRENKRETGHEREH
— HFEYBWNPYATIEEL
— WAL




ahd (1/2)
« BHTCHIBERTEFITL, lsollDEFHESTLTHE
« 15
— Strong Scaling
« YA XZEE, PESEL LS THRE (2K, &87)ZRIE,

— Weak Scaling
» PEH-YDMEY A RXZEE, 1REH-YDIFTEREZERDD,
- BRI ANEIEHE
- EEYAX
- 7 E|F % (RCB, K-METIS, P-METIS, 1D~3D) D&

— Ay a KRk, SRS EIZEITHFX10D EEEELY
o 128KV RA (FEE A EN157 UL EMDD)
o [*inplDHEDIZEHFRINDINDIGEENDH D,
— OUTPUT _UCDDOMEULHELDIAV T
— src, part

B

I

(e]
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1D~3DNE|
EFDAHENBLIWWEZTRE
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‘ =
HE=D

1D#!
16 N2 x 7 = 112 N?

1D~3D%*

830 (£334N, 8%7E1:

£

2D
16 N2 x 4 = 64 N2

\l

ET D)

3DE
16 N2 x 3 = 48 N2
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1D#

64 64 64
8 1 1
pcube

1D~3D5H 3
mesh.inp
)/
2D%!
64 64 64
4 2 1

pcube

3D#!

64 64 64
2 2 2
pcube
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whd (2/2)

- 7EIZ[EB1E (solver SR) DEREMEMNTELELIMED
MEZTHE,

— Recv. BufferN@aE—Z#ZFEMIZERTEELIVA?

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]
+
+
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SEND/RECV (Original)

stal=(MPI_Status*)al locate_vector (sizeof (MPI_Status), NEIBPETOT) ;
sta2=(MPI_Status*)al locate_vector (sizeof (MPI_Status), NEIBPETOT) ;
reqi=(MPI_Request*)al locate_vector (sizeof (MPI Request) NElBPETOT)
reg2=(MPI_Request*)al locate_vector (sizeof (MPI _Request), NEIBPETOT) ;

for ( neib=1;neib<=NEIBPETQT:neib++) {
i start=EXPORT_INDEX[neib-1];
inum =EXPORT_INDEX[neib]l-istart;
for ( k=istart k<istart+inum;k++) {
i i= EXPORT_ITEM[k];
WSTkl= X[ii-11;}

MPI_Isend (&WS[istart], inum, MPI_DOUBLE,
"NEIBPE[neib-1], 0, MPI_COMM_WORLD, &req1[ne|b 1}

for ( neib=1;neib<=NEIBPETQT:;neib++) {
istart=IMPORT_INDEX[neib-1];
inum =IMPORT_INDEX[neib]-istart;
MPI_Irecv (&WR[istart], inum, MPI_DOUBLE,
NEIBPE[neib-1], 0, MPI_COMM_WORLD, &reg2[neib-11) ;}

MPI_Waitall (NEIBPETOT, req2, sta2);

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=IMPORT_INDEX[neib-1];
inum =IMPORT _INDEX[neib]-istart;
for ( k=istart; k<|start+|num k++){
ii = IMPORT _ITEM[K];
| X[ii-11= WR[K];]

MPI_Waitall (NEIBPETOT, reql, stal);
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If numbering of external nodes is
continuous in each neighboring
process ...
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SEND/RECV (NEW:1)

stal=(MPI_Status*)al |ocate_vector (sizeof (MPI_Status), 2xNEIBPETOT) ;
reql=(MPI_Request#*) al locate_vector (sizeof (MPI_Request), 2«NEIBPETOT) ;

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=EXPORT INDEX[neib-1];
inum =EXPORT _INDEX[neib]-istart;
for ( k=istart;k<istart+inum;k++) {
i i= EXPORT _ITEM[K];
WS[kl= X[ii-1];}

MPI_Isend (&WS[istart], inum, MPI_DOUBLE,
NEIBPE[neib-1], 0, MPI_COMM_WORLD, &reql [neib-11) ;}

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=IMPORT_INDEX[neib-1];
inum =IMPOERT_INDEX[neib] - istart;
MPI_Irecv (&X[istart], inum, MPI_DOUBLE,
NEIBPE[neib-1], 0, MP1_COMM_WORLD, &req1 [NEIBPETOT+neib-11) ;}

MPI_Waitall (2«NEIBPETOT, reql, stal);
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SEND/RECV (NEW:2), NO: int. node

stal=(MPI_Status*)al |ocate_vector (sizeof (MPI_Status), 2xNEIBPETOT) ;
reql=(MPI_Request#*) al locate_vector (sizeof (MPI_Request), 2«NEIBPETOT) ;

for ( neib=1;neib<=NEIBPETOT;neib++) { I\ S
i star t=EXPORT_INDEX [neib-11; NO: Nm#a
inum =EXPORT_INDEX[neib]-istart; RHEEN
for ( k=istart; Tk<istart+inum; k++){
ii= EXPORT ITEM[K] :
WS[kl= X[iT-11:}

MPI_Isend (&WS[istart], inum, MPI_DOUBLE,
"NEIBPE[neib-1], 0, MPI_COMM_WORLD, &req1[ne|b 1)}

for ( neib=1;neib<=NEIBPETOT:;neib++) {
istart=IMPORT_INDEX [neib-1] + NO; .
inum =IMPORT_ INDEX[neib] - IMPORT _INDEX[neib-1];
MPI Irecv (&X[istart], inum, MPI_DOUBLE,
"NEIBPE[neib-1], 0, MPT_COMM _WORLD, &req1[NEIBPETOT+ne|b 11) ;1

MPI_Waitall (2«NEIBPETOT, reql, stal);

-
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T EH GRERBEILFE) @QRX
Strong Scaling
+ 192 x 192 x 1288 15 (4,718,592 15, 4,633,087E %K)
. 16~19237
. Solverit & B fH]

e
(speed-up)
16 (4x2x2)  16.6 (16.0)
32 (4x4x2)  8.69 (30.5)
64 (4x4x4)  4.55 (59.6)
96 (6x4x4) 3.54 (74.7)
128 (8x4x4) 2.69 (98.4)

192 (8x6x4) 1.84 (144.)
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J74JLaE— on FX10

FORTRANA—H —
>$ cd ~/pFEM

>$ cp/home/S11502/nakajima/16Summer/F/fem3d0.tar .

>$ tar xvf fem3d.tar
Ca—H—
>$ cd ~/pFEM

>$ cp/home/S11502/nakajima/16Summer/C/fem3d0.tar .

>$ tar xvf fem3dO.tar

T4 LY 1) HERR

>$ cd pfem3d

>$ cd srcO

>$ make

>$% Is ../run/sol0
solO0

>$% cd ../run

>$ <modify “go0.sh”>

>$ pjsub go0.sh




