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2D B AR R DRZIREZL (3/3)

« TOKIZKALT, TIZTDOWT ‘+1
IS 2 L LD S D o 34
T=NT +N,T,+N,T, +N,T, 1 1 &

.« BAKBEBNZUTOELS1ZHSE: O . O

NG =5 (1=E01=n) Ny =5 (14 £X1-n)
N, (E,7) = (1+~§)(1+77) N4(§,77)=Z(1—§)(1+77)

« W—X (bi- hnear) FRLELEEINS,
s BERIZBITANDEZFHE L THEK
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- FIC—REREFBENELS, —HBOMEEZRNTHEYE
ANz,
- BRXOEEFERERILSEHSNTNS - - -

* REETHERNEAKESR (TAIYNTARIVIR
x) AT S

— tri-linear

- = . <8
¢ > - ¢

Kt

QFE R L




FEM3D

3D BARER R D RLIKEIRK

N7 =L (1=EM-n)1-¢) NG = 1-6Mi-n)i+¢)

N ) = (L 0=nM1=C) Ny ) =<1+ EN1-n)1+6)

1

N; (6.7, =S 1+ EM1+nN1=¢) - No(Em )= (1+§)(1+77)(1+§)

N4(§,77,§)=%(1—§)(1+f7)(1—§) N8<f,n,§>=§(1—§)(1+n)(1+:)

T=Y NEROT “*;j@ 0/0“1’“’“)
s (-1-L+1) (+1,-1,+1)

X=Y Ni(&7,8)-%
- (-1,+1,-1)|
YZZNi(g,U,g).yi, Z:ZNi(faU,C)'Zi / / (+1,+1,—1)

(&m.¢)=(1-1-1) (+1,-1,-1)
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No—FEDOERA (1/3)

C UTO& S HERTMMERAEREEET S (BE
WE—F) |

2 2 2
,18-2 +/18-£ +/Ia-£ +Q=O
OX oy 0z
BERADEREDHT
T=INJ#} <rysrpest). maisraaEs g LLTh.

¢ AT—FUEITHL, EAFEBZEINIET DL,
FERICEVLWTLUTORSAEANFTOoND

“N]T< 1(2:2 j+1(2;j+i£2:j+(j}dv =0

Vv
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Ao—FENDER (2/3)

ERTDT)—2DEE

2 2 2
JA8?+@?+8? dV:jA@—BdS—j 8A88+8A&B+8AGB ny
ox- oy~ 0oz on s\ OXx Ox 0oy oy oz oz

\Y

» BIXND2MEWMST DR ISER (REBEDER)
j [N ]T {Z(T,xx )+ ﬂ’(T,yy )+ X’(T,zz )}dV
= [lln, T ) alln, Iy e alln T Jav

¢« INICUTZRAT S :
T=[NJg, T,=IN,Jgt, T,=IN, gt T,=IN, g}
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. KIEBEYRRBOEOEME TRANELAS -
~ [N TN D 20N TING D AN, TIN Dav - f)+ [QINTV =0

e ZORZEFTH2X (weak form) EFES, TS A
B TIR2EOMAaMNEENTL=A, EXTIT,
)=V DERBIZL > TIE#MYIZIERIN TN,
_ BRI & o GELEH (RIKEI%, WIEEHK) oxT

HERMNGELLEOTLDS : T H AR T2EMS
DNRFEEBTES,
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|.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||®
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O|O00|0|0]0|0(|0]||®
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HORBER AR : —RITDH

SUTIVVDARKYRBERL
AN AN

-

X, =0, x2=%, x3=§ £, & =+0.5773502692
/2 +1

h=X,—X, =X, XF% S= [ f(x)x=[f(£)hde
0 -1

S=D[F(x)+41(X,)+ (610023 =h3 W, T(5)=099847

k=1



1D-Part2

£ 2 DR A

« ERITIELSINTZE

- MEDIED Rz (&,

REERZR [, 1] ZRRET B,
19 5& (2m-1) ROBEMET

[FIELLATEE (> TIR, 2ROANEEE (F2IKEE
H) ZEAITHEEIE, m=2T+57)

+1

—1 k=1

® ®
£,=-0.577350 £,=+0.577350

[repe=-Sm 1a)] e . T L%

m=1 & =0.00,w, =2.00
m=2 & =+0.577350,w, =1.00
m=3 & =0.00,w, =8/9

£, =+0.774597,w, =5/9
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Gaussian Quadrature
HORADESANR

© BREER (L0 ETEHSHYRHS 2K
x5 (ZRT)

- s +1 +1 +1

(1,1). 7 -(1.1) . ﬂ‘=3 . | :j J- jf(f)n,é’) dfdndé’
004
; g L M N
(—1,—1). .(1.1) : . : B Zl j=1 ;BNI WJ .Wk . f(§|’nl’§k)]
E\omta EHFEHW + a w 1= ]= =

0.57735 02692 1.00000 00000 0.77459 66692 0.55555 55555
0.00000 00000 0.88888 88889

e R LM\N: Enl ARDIED R
o (57,6 : BN RO ERIE
Wi, W, W, : TR R TOEARH

e w *d w
0.86113 63116  0.34785 48451 0.90617 98459  0.23692 68851

0.33998 10436  0.65214 51549  0.53846 93101  0.47862 86705
0.00000 00000 0.56888 83889



Gaussian Quadrature
HORADESANR

DA EHLEHI KL
Fhnd, —RITTIE4
BIZHITADEZETE
LTREBIERLN=X
JTTIX8 )

n=2

7
(=1.1) (. 1)

(-1, —1) (1, —1)

wHsta BEAEHW
0.57735 02692 1.00000 00000

n=4

Teaa w
0.86113 63116 0.34785 48451
0.33998 10436 0.65214 51549

$ig W
0.77459 66692 0.55555 55555
0.00000 00000 0.88888 88889

n=>5

+a W
0.90617 98459 0.23692 68851
0.53846 93101 0.47862 86705

0.00000 00000 0.56888 88889 .
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Gaussian Quadrature

HOADES LB

DA EDHLEHILL
EFhohnd, —XRITTIF4

BIZBITADEEETE
LTEEIXRLN=X
FTTTIE8H)

+1 +1

-1 -1

(=

n=2

n
(r=1.1) (1. D

6 Wt 0

Broeta BEHHRHEW
0.57735 02692 1.00000 00000

do—1l

= | jf(ém)dédmi ZM Wi £ (&om)))

$ig W
0.77459 66692 0.55555 55555
0.00000 00000 0.88888 88889

n=>5

=1.0x1.0x f(=0.57735,-0.57735) +1.0x1.0x f (—=0.57735,+0.57735)
+1.0x1.0 f (+0.57735,40.57735) +1.0x1.0x f (+0.57735,-0.57735)

U.33998 1u430 uU.0

DOOOOO UOOOO 056888 88889
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HEIIETZEZRONIETRLN

- BRERR (670 LTERESH AW AR
EZ5 (ZRE) -« - LHL, WMHA

H=d +1 +1 +1

et =[] [tE&no)dands
(—1,—1>. .<1.1> - st oonde :2 _Ml 25/\4 °Wj °Wk'f(§i977j>§k)]

ot a sEAEHEW +a w
0.57735 02692 1.00000 00000 0.77459 66692 055565 “95585
0.00000 00000 0.88888 88889

o S LMN: £.¢ HROHS REK
((fi,ﬁj,gk) , *ﬁéﬂ\}#\@rﬂé ETE“E
W, W W, : 87 R TOEHRE

e w *d w
0.86113 63116  0.34785 48451 0.90617 98459  0.23692 68851

0.33998 10436  0.65214 51549  0.53846 93101  0.47862 86705
0.00000 00000 0.56888 83889
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on OXx on oy on 07 On
8Ni(§,n,§):8Ni OX +8Ni oy +6Ni o/
o¢ ox 0 oy o o0z 04
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| | | |—'—|3‘§ L Fobe AN - ~ N
{ag o ag} FEERIVEEIZKDOONAD
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BARERRIZE TSRS (2/4)
+ IFUYDORARTRT D E

N | |ox oy az]fen] [N,
0 d0c 0 0g || ox OX
ON. oXx oy oz ||ON, ON,
S— ¢ = ] >:[J]<—>
on on dn 0n || oy oy
ON; OXx oy oz ||oN. ON;
o¢ | |o¢ o¢ oc|lor . | 0z

[J]: 3 EDTR)HIR
(Jacobi matrix
Jacobian)
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c NDODTEER K YFRHE
oxX 0 (<
1= = ZNixl
05 ai(u
0z 0 ZglNz B
13 55 55 - i &i -
8
‘lezaxz 0 ZNiXi —
on on
0Z o
23 = = N;z; |=
on on
_o0X 0
31 64, aé/
0Z %)
33 = N;z; |=
0¢ 55(

BHARERERIZE T HRMS (3/4)

(2RO NS

LN, oy o (s N,
e J”_ﬁf_@f(;l\liyij ;aéy'
LN,

=1 aéjl

L oN, oy _ 0 L oN,
2o 2T o M@:Mjga "’

oN
Z—y.»

= 0 ag(zl j ~ 0¢
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BHARERERIZE T HRMS (4/4)

s OTTRDELDICEMAPZFTETES
- XYaE7Y Bx317H) DFHEITHEKRD D
oN| [x oy el (aN] (N
x| |95 o oL | | o0& o0&
N | o oy a| [N pyp]aN,|
oy on oOn 0On on on
N| |y a| || [N
Loz ) | 0¢ 06 o¢ | |0¢ L 0¢ )
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BxH
lkij J

L TOER

(i,j=1...8)

:—I{Z-Ni,x-Nj,X+/1-N

(—1,+1,+1)

(-1,-1,+1)

N, +2-N,,-N,Jdv

_|_

\
J { N,
Y @x ax 8y

ON . - ON.
J léNl J dV
oy 07 01
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HRERRTOIESD
lkijJ (i, J :1---8)

(—1,+1,+1)

(-1,-1,+1)

6Ni8Nj ON.
—j +A
8x ax 5y oy 0z

—m{ — %“y =

+1+1+1

T[S a B

-1-1-1

‘lﬁN

LN

0Z

ON ;

0Z
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7170 ADF

lkij J ia J =1... 8) (=1,+1,+1)

(-1,-1,+1)

i
)
>
ai.

+1+1+1 8NI (’9NJ aN aN @NI @NJ
_H‘I{l x ox oy 53’ " }det“]"ddedC

—-1-1-1

IZT T Tf(egaﬁaéy)dédnd{

-1 -1 -l

:i i ZMl 'Wj ‘W, - f(giﬂnjaé/k)]

N
i=l  j=1 k=l
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BR>FEART M)V RAEREDE
(3) K1y =(f)

_k1(12) k1(22) k1(32) kl(j)_ ¢l(2) f1(2)
S A L
S P
(2) [k k@ @ @ le®) (1)

(3) KO1p"3 =11

'k1<11) kﬁ) k1(31> kl(i>"¢l(l) fl(l)
S O AR I L
Pk kg0
(2) Lk e klle”) (10

[K{®D} ={F}

D, X X X (@, (B)

X D, X X ®,| |B,

X X D X X X|&o] |B]

X X X D, X Xl|lo, |8,
X X D, X|l®| |B,

I X X X D@ |B
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BB

« NOADEAAXZHERALTUTOEARDOEIA
ERDE (FOYSLEEST, HEBRTHEL
TLZ&WY)

y A 3
4 1:(1.0, 1.0)
2:(4.0, 2.0
3:(3.0, 5.0
2 4:(2.0, 4.0)

+1 +1

| =[dv =] [detd]d&d
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(1/2)

c EREEICL->TYIET7Y (YOEDTH) ZEHE
c AVDADENLBR (0=2) ITRAT B,

+1 +1

= [ [ f(&mdedn= Z ZM W, (&)

-1 -1 =1

implicit REAL*8 (A-H,O0-2Z) n
real*8 W(2)
real*8 POI (2) (e=1 1) .

N

.0d0
.0d0
POI(1)= -0.5773502692d0
POI (2)= +0.5773502692d0 &

SUM= 0.dO0
do jp= 1, 2
do ip= 1, 2
FC = F(POI (ip) ,POI (jp)) f21 1) 1, —1)
SUM= SUM + W (ip)*W (jp) *FC .
enddo Bnsata BAREW
enddo 0.57735 02692 1.00000 00000
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ox oYy

0]=| % 0| gefo|= XK. Y Y X
oX oy 0f 0n O& 0On
on  0n

NG =5 (1= £01=n) Ny =5 1+ £X1-n)

1

Ny = 1+ +m) Ny = (1-&)i+7)
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19 oT 0 oT 19 oT :
ax(l aijr&y (l 6yj+6z (l oz j+Q(X’ ¥,2)=0
s ERIMEE+FHEL
o« —FRIFEMEEER )
T=0@Z=Z, * EAR

Z \ - —IRI1OIAK REAF) EX
— ZAHMIZNX - NY - NZ{&

. ARG

- v . = T=0@Z=z,,,
L V" RS U RBBIIE (XY
NY S aADFIDDELE x_y,) [ZIKTF

X - Q(x,y,2)=QVOL|x. + Y|
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14 R b—JL (CygwinTIE*.exe)

12X =)L

>$ cd <$P-TOP>/fem3d/src
>$ make
>$ 1s ../run/sol

sol

AvoaVrsRL—F3A4A A=)

>$ cd <$P-TOP>/fem3d/run
>$ cc -03 mgcube.c —-o mgcube
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Awo,rah

STREORN

mgcube
IyazRL—4

'

T
)

cube.(

Ay, aTJ7A)L
¥/

E=ETE, D7 M IILEBHE

il

Hl#7—4

—_ 20 |<_ INPUT.DAT

J

test.inp
A[R1E A

-~
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Ay o (CygwinTIE
mgcube.exe)

T=0@Z=2

max

>$ cd <$P-TOP>/fem3d/run
>$ ./mgcube

NX, NY, NZ - HBUES%Z

AT S

20 20 20 « &SI

ANTHS

>$ 1ls cube.O R
cube.O

48
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#wlfEl 7 7 4 )L : INPUT.DAT

INPUT.DAT

cube. O
2000

1.0 1.0
1.0e-08

e fhame
e ITER:
e COND :
e QVOL :
e RESID

0 (/IaT
OX OX

fname
ITER
COND, QVOL
RESID
: Ay, 2aT77A4IL4A
18 [Bl128 LR
BYRE
RES-YRRERH
: RIEEDIRFIEE

o( aT) o(.aT) .
+—| A—|+—| 41— |+Q(X,y,2)=0
jaxiwjai &jQ(y)

Q(x,Yy,2)=QVOL|X. + Y|

49
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% 1T (CygwinTlLsol.exe)

>$ cd <$P-TOP>/fem3d/run
>$ ./sol

>$ 1ls test.inp R ERER
test.inp

50
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ParaView

http://www.paraview.org/

2714 ILEFK
D KR
A A= D7 ILDIRTE

http://nkl.cc.u-
tokyo.ac.|p/class/HowtouseParaView.pdf
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BEXDIELE
=

R
=Ak
AR
Y E A
y:ki:d
=Ak
JNE{R
—REFR
2
=AR2
U £ 2.2
DY {2
A2
=HHE2
JNEA2

UCD Format (1/3)
Unstructured Cell Data

:¥_'7_F &

- o]

. mEH 2
pt 0 0 1 0
line

=&k =Ak2
tri 0 0
w AN
tet ! 2 1 4 2

AEE NE 2
3 1 3
pyr o 0 10
Mo £ fiz mAR 2 2 2
prism 0 3 o7 3
16 8
hex 4 6 7
4 4 ‘
! 2 s 2 6 12 é

line2 _ﬁﬁz = _ﬁﬁz
tri2

quad?

tet2

pyr2

prism2

hex2

52
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UCD Format (2/3)

 Originally for AVS, microAVS
« Extension of the UCD file is “inp”

« There are two types of formats. Only old type can
be read by ParaView.

53
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54

UCD Format (3/3): Old Format

gﬁﬁ,ﬁ.ﬁ;ﬂz) (RERY) (BRHADT—4H) (FEXOT—5H) (ETLOT—4

(BN R ES1) (XEEAR) (YEEAR) (ZEEAR)
(BT mES2) (XEEAR) (YEEAR) (ZEERR)

(BERES) (MHES) (BERDENR) (EREEMI HERDDEAY)
(BRES2) (MHES) (BROREH) (EREE/AT HEHRDDGANY)

(B R DT —2RSH) (D1 DIBRER) (R 2D - - (F RS DHERE)
(B R T —2HA 1 DTN, (Bi)
(BIAT—2ED205R)L), (Bfi)

(BERT—2RSDIN)V), (B
(BimBES1) (BiAT—21) (HimT—452) -
(EimES2) (HiaT—521) (BimT—452) -

(BEROT—AHAH) (FHH DEHL) (KD 20HHY) - - - (BHRS OHEHRY)
(BRT AR 1DIAL), (Ehi)
(BERTF—EMA205~)L), (Eh)

(BERT—HHITDINIL), (HhI)
(BRES1) (BRT ) (BERT—H52) -
(BRES2) (BRT ) (BRT—H2) -



¢« ZRTEFDERL
« ZRILHEMENFERIERX
- H5—% Uik
- EZRT M) RER

» 7073 LDEST
« T—AEE
e JOYT 5 LDER
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Ay, 2 TJ7AILEERL : cube.O
EEL 1] hOBESTULD

- BEXRBEE, MHEES, ARV TA4ET«
 IRTIL—TFT—4

- JIL—T%

— JIL—THNE A

—JIL—T4

— FIL—THNEE
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(NX=NY=NZ=4)

5—4

"

0]

cube.O

N >
Z
P X
N
I
®
T
V|
= o
N
P
VS
!
4z
=L
=
)
LO
¥
LO
¥
LO
I
OO OO OOOO OO OOO
OO OOOOOOOO OOOOO
coococoocooo <ttt <
OO OO OOOO OO OOO
OO OOOOOOOO OOOOO
OO ——r—— <ttt <
OO OO OOOO OO OOO
OO OOOOOOOO OOOOO
Or—aMmtTO—aMm OSr—almn <t
IO QAN M<TLOO~00D QAN M<ITLO
N ANAN AN AN
- YT

Az

YEEAR

XEEAZ

Eim 1D
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cube.0 : EFXT—4 (1/2)

64 =4x4+4 (ZFRHE)
361 361 361 361 361 361 361 361 361 361

361 361 361 361 361 361 361 361 361 361

361 361 361 361 361 361 361 361 361 361

361 361 361 361 361 361 361 361 361 361 T=0@Z=z,,,,
361 361 361 361 361 361 361 361 361 361
361 361 361 361 361 361 361 361 361 361
361 361 361 361

NZ

BEF AT : 361 _
=RJt, NEIEF, —&X

NY
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cube.0 : ERT—4 (2/2)

/ Y
NX

2] 28 33 32
28 29 34 33
29 30 35 34
32 37 36
42 46

31
34 35 40 39

36 37 42 41
3/ 38 43 42
38 39 44 43
39 40 ﬁg 44

33 34 39 38
41

26 271 32 31
32 33 38 3]

—_————r—r——r—Q O

Y p— — p— p— —

Ye— p— p— p— —

Y p— — p— — — — — — — — p— p—

—ANMILOOT~0SH O —AIM

Yo— p— p— p—

o« o

Y p— — p— — — — — p—— — p—

Y p— — p— — — — — p—— — p—

Y p— — p— — — — — p—— — p—

Y p— — p— — — — — p—— — p—

82 8/ 86
8/ 88 93 92
88 89 94 93
89 90 95 94
92 97 96

91
94 95 100 99

82 83 88 8]
83 84 89 88
84 85 90 89
86 87 92 091
92 93 98 97
93 94 99 98

81

Y p— — p— — — — — p—— — p—

ZRID #31D
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NX=NY=NZ=4, NXP1=NYP1=NZP1=5
ICELTOT= 64, INODTOT= 125, IBNODTOT= 25

k=1 k=2 k=3
24 25 49 S0 74 &
16 32 48
20 45 70
19 44 69
11 1z 36 i 61 62
) 21 S
] 718 19 | . 32133 134 | o 57 |58 |59 |
1 2 3 4 17 | 18 | 19 | 20 33 | 34 | 35 | 36
1 2 3 4 5 26 27 28 29 30 51 52 53 54 55
k=5 - 125 - 100, 4
64 64
119 120 94 95
" 112 86 87
53 953
106 107|108 1109 | g 82 |83 |4 |
49 | 50 | 51 | 52 49 | 50 | 51 | 52

101 102 103 104 105 76 77 78 79 80
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JI—TT—4

-

41

]
tm

cube.O

N >
zZ
~ x
X
m prd
N
I
®
T
— >
Z
N
—~
&
Bk
N
N—r
ﬁﬂ OO OO OO
3K <o (qploo) QN
hﬂn
= —— o Yor oo
MMMGB <o AN~ —
R
RE
Aﬁ/ _ OO (co]oo) (eo)oo)
(qploo] AN~ ~—
Y
)
A —— m~r— ~r—
= (apXeo] AN~ ~—
D
OO OO OO
AN~ AN~ ~—
— r—r— LOLOLO LOLOLO
AN~ LOO — QN
— —
() ({eoll{el{e] < s < < <
(@) O — LOO N\
— — —
LO — r—r— (aplaplqp) (aplaplep)
r~ — O — OO QN
— —
o O OO AaNANAN ANAN AN
LO LOO LOO — N
— —
<ILO Cr—v—v— Cr—vr—v— Cr—vr—v—
N e~ LOO e — LOO e~ — QN
= ~— e — e
> > N

(el
QN

Y— p—

SHO
Or—

Y— p—

(eo)oo]
Or—

Y—p—

N~~~
O

Y—p—

©O© O
Or—

Y—p—

LOLOLO
O—aA

Y—p— —

<<+ <t
O—aA

Y—p— —

(qplapiap)
O—aA

Y—p— —

ANANAN
O—aA

Y—p— —

X r— v—v—
CO—N

Er—v—vr—

(AT EAEY)
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NX=NY=NZ=4, NXP1=NYP1=NZP1=5

62

ICELTOT= 64, INODTOT= 125, IBNODTOT= 25

k=1 k=2 k=3
24 25 49 >0 74 &
16 32 48
20 45 70
19 44 69
11 2 36 el 61 62
o) 21 37
5 7 8 9 10 31 32133 134 |, 57 |58 159 |
1 2 3 4 17 | 18 | 19 | 20 33 | 34 | 35 | 36
1 2 3 4 5 26 27 28 29 30 51 52 54 55
125 100
k=5 124 99 =4
K=9 64 64 K=4
119 120 94 95
111 112 86 87
53 53 Xmin: i=1
106 1071108 109 [ o g, 82 183 |84 | Ymin: j=1
49 | 50 | 51 | 52 49 | 50 | 51 | 52 Zmin: k=1
Zmax:k=5

101 102 103 104 105 76 77 78 79 80



FEM3D

AwadRk

o EIEMBIICIEKELERRE

— MR
— KA YD a

i 5I{E AVERE L Ly

MEROA Y a&ERT7 IV r— 3>
— FEMAP
e« CADT—R2,EDAUFTT—X

63
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« ZRILHEMENFERIERX
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- EZRT M) RER

» 7073 LDEST
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. AR

— HIEN 2 3 e A+ 9A A

65

- JOg5 L

BEZRSRAFAA>ERER (NEIRZ, NE: EXH)

— Ee5#EAIE (@AY RO R, BRI LI R)
—EBEESARTMNY)HLRATYETS (Index, Item)

« Y M) RER

— BEFRHEAMOMNE (doicel=1, NE)

s ERV MO REFE

s 2RI M)V AANDEREDE

— i“ﬁl EOPIR

—RARERN
kBkdix (CG)




FEM3D

testl

AM7ayv5 4

= RITEMBIERE
#r3— Fheat3D
DFERK

input_cntl

HEHT—2AN

input_grid
AyaTd7PAILAS

find_node

B REEER

mat_con0

F'_IEJ:I*U?{E?/(EEE

mSORT
v—F

mat_conl
F'_IEJ:I*U?{E?/(EEE

mat_ass_main

FRBATHNERL

jacobi
YaE7UEHE

mat_ass_bc

BREMNE

solvell

B ILN—H

cg
CGHFHH

output_ucd

AR L ALEE

66
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/%%

program heat3D

*k /

#include <stdio.h>
#include <stdlib.h>

FILEx fp_lo

g,

#tdefine GLOBAL_VALUE DEFINE
#include “pfem_util.h”

//#include

extern void
extern void
extern void
extern void
extern void
extern void
extern void
extern void
int main()

“solver11.h”

INPUT_GNTL () ;
INPUT_GRID () ;
MAT_CONO () ;
MAT_CON1 () ;
MAT_ASS_MA

INQ ;
MAT _ASS BC ()
0

SOLVEI1 () ;
OUTPUT_UCD () ;

INPUT_CNTL () ;

INPUT_GRI

MAT_CONO (
MAT_CONT (

DO;

)
)

MAT_ASS_MAINQ) ;
MAT_ASS BC() ;

SOLVE11 ()

OUTPUT_UCD ()

AL

IH

67
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GlobalZ#3 : pfem util.h (1/3)

pUE e AR H4 X /0 SIS
fhame C [80] I Ay aTdrAILE
N, NP 1 || EiAE%
ICELTOT I | | EH=H
NODGRPtot I | | BRI IL—TH
XYZ R [N] [3] I B R AR
ICELNOD I | [ICELTOT][8] | | ERaRITAET4
NODGRP_INDEX I | [NODGRPtot+1] | | RERTL—TISEENBE AR (BHE)
NODGRP_ITEM ! éﬁ?ﬁ?f?ﬂ WDEKINODG | | g5 — Tz e n iR
NODGRP_NAME €80 éﬁ?ﬁ?f'fﬂ NDEXINODG | | | g — 7
NLU I O | BEIRIEXARSEK
NPLU 1 O | FERAMSHRY
D R [N] O | &4&T5 . xmJovy
B, X R [N] O |HEBERY RIL, RHMEARY kL




FEM3D

GlobalZ#3&

. pfem_util.h (2/3)

¥4 =]l B4 X /0 N =
AMAT R | [N] O | 2175 : FFFEMARS
indexLU I [N+1] O | £F175 : FEFIERARSTH
itemLU I [NPLU] O | 2173 : EFEMAKS (FIFS)
INLU I [N] O |&HEHROFFFAARDTH
[ALU I [N] [NLU] O | BERDFEFEAARSE (FIFS)
TWKX I [N] [2] O 7 —% REC3
ITER, ITERactual I | | REEZD LR, ZEEORERZR
RESID R | TEUYRE (1.e-8I2EKTE)
pfemlarray I [100] HEH (ER
pfemRarray R [100] BEH (ER)
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GlobalZ #43

% . pfem util.h (3/3)

EHA e B4 X /0 n =
08th R | |=0.125
PNQ, PNE, PNT R | (2121 (8] O |&AYREAAILHETSE TL.T0Thi-1-9
POS, WEI R | [2] O |&AYRENADERE, EHFH
NCOL1, NCOL2 [ | [100] o | v—rRI—yES
SHAPE R [2]1[2]12] 18] O |BHVAESRIZEITHEKEE N, (i=1~8)
PNX, PNY, PNZ R | [21[2][2] 8] O |&AYREAAIBTE To.TTrli-1-y)
DETJ R | [21[2][2] O |&AYAEAAIIETBYIET LTHIR
COND, QVOL R || BMEEE, AN Y EREBRR

70
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#2774 JLAF : INPUT_CNTL

/%

*x [INPUT_CNTL

*k /

#include <stdio.h>
#include <stdlib.h>

#include “pfem_util.h”
/*% xk/

void INPUT_CNTL ()
FILE *fp;

if( (fp=fopen ("INPUT.DAT”, “r”)) == NULL) {

fprintf (stdout, “input file cannot be opened!¥n”);

exit(1);

fscanf (fp, "%s”, fname) ;

fscanf (fp, “%d”, &ITER) ;

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

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

INPUT.DAT

cube.O
2000
1.01.0
1.0e-08

fname

ITER

COND, QVOL
RESID

71
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A w1 AA : INPUT GRID (1/3)

#include <stdio. h>
#include <stdlib.h>
#include “pfem_util.h”
#include “allocate. h”
%oid INPUT_GRID ()

FILE *fp;
int i, j,k, ii,kk nn, icel,iS, iE;
int NTYPE, IMAT;

if ( (fp=fopen (fname, “r”)) == NULL) {
fprintf (stdout, “input file cannot be opened!¥n”);

exit(1);
/%
NODE
*k /
fscanf (fp, “%d”, &N) ;
NP=N;

XYZ= (KREAL**) a| |locate_matrix (sizeof (KREAL), N, 3) ;
for (i=0; i<N; i++) {

for (j=0; j<3; j++) {
XYZ[i][j1=0.0;

J

for (i=0; i<N; i++) {
| fscanf (fp, “%d %If %If %If", &ii, &XYZ[i][0], &XYZ[il[1], &XYZ[il[2]);

72
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FEM3D

(NX=NY=NZ=4)

5—4

"

0]

cube.O

-

/ Y
NX

X
®
e
N
1|
®
Tt
VI
= o
N
>
=
|1
OO OO OO OOOO OO OOO
OO OO OOOOOO OO OOO
OO OO OO OOOO OO OOO
OO OO OOOOOO OOOOO
OO OO OO ODOOO OO OOO
OO OO OOOOOO OOOOO
IO QAN M<TLOO~00 QAONM<ITLO
(@N| ANANANANIAN
-~ T T—T

XYZ[1][3]
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allocate, deallocate g%k

#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 ;

} .
y e e al |ocate ZFORTRAN 1=
void deal locate_vector (void *a) ﬁ;ﬁﬁ':‘bé 1‘:&’)0)55]&

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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A w1 AR INPUT GRID (2/3)

*k /

ELEMENT ICELNOD[i][jjo* & &L TIE
fscanf (fp, “%d”, &ICELTOT) ; [0SR EIBLEABZTEMN
e T e g Ty e 0 EOTTMAVENLLS.

for (icel=0; icel<ICELTOT; icel++) {
fscanf (fp, “%d_%d %d %d %d %d %d_%d_%d %d”, &ii, &IMAT,
&IGELNOD[ice!|][0], &ICELNOD[icel] [1], &ICELNOD[icel] [2], &ICELNOD[ice!] [3],
&ICELNOD[ice!|][4], &ICELNOD[icel] [5], &ICELNOD[icel][6], &ICELNOD[icel][7]) :

el

75
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cube.0 : EFXT—4 (1/2)

ICELTOT

-

/ Y
NX

T=0@2Z=z,,,

Y — — — p— —

36
36
36
36
36
36

Y — — — p— —

36
36
36
36
36
36

Y — — — p— —

36
36
36
36
36
36

Y — — — p— —

36
36
36
36
36
36

Y — — — p— —

36
36
36
36
36
36

Y — — — p— —

36
36
36
36
36
36

Y p— y— p— p— — p—

36
36
36
36
36
36
36

Y p— y— p— p— — p—

36
36
36
36
36
36
36

Y p— y— p— p— — p—

Y p— y— p— p— — p—

36
36
36
36
36
36

361

JT, JNEIR, —X

23
7

%%9470 :

NY
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cube.0 : ERT—4 (2/2)

/ Y
NX

2] 28 33 32
28 29 34 33
29 30 35 34
32 37 36
42 46

31
34 35 40 39

36 37 42 41
3/ 38 43 42
38 39 44 43
39 40 ﬁg 44

33 34 39 38
41

26 271 32 31
32 33 38 3]

—_————r—r——r—Q O

Y p— — p— p— —

Ye— p— p— p— —

Y p— — p— — — — — — — — p— p—

—ANMILOOT~0SH O —AIM

Yo— p— p— p—

NY

Y p— — p— — — — — p—— — p—

Y p— — p— — — — — p—— — p—

Y p— — p— — — — — p—— — p—

Y p— — p— — — — — p—— — p—

92 97 96

82 8/ 86
92 93 98 97

82 83 88 8]
8/ 88 93 92
88 89 94 93
89 90 95 94
94 95 100 99

83 84 89 88
84 85 90 89
86 87 92 091
93 94 99 98

81
91

Y p— — p— — — — — p—— — p—

IGELNOD[icel] [8]

IMAT
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A w1 AA : INPUT GRID (3/3)

*k /

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+11;
fscanf (fp, “%s”, NODGRP_NAME [k]. name) ;

= iE - iS;
FCnn1=0) |
| for (kk=iS;kk<iE:;kk++) fscanf (fp, “%d”, &NODGRP_ITEM[kk]) ;
- o RS IN—FDhEEM A
e SEEDELEAESNZOD

FEZRARAFTN TS,

78
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cube0: EimTIL—TT—4

4 NODGRPtot
25 50 75 100 NODGTP_INDEX[1-4]
Xmin NODGRP_NAME[1]
1 6 11 16 21 26 31 36 41 46 NODGRP_ITEM[0-24]
b1 56 61 66 71 76 81 86 91 96
101 106 111 116 121
Ymin NODGRP_NAME [2]
1 2 3 4 5 26 27 28 29 30 NODGRP _ITEM[25-49]

ol 52 53 54 5 76 77 78 719 80
101 102 103 104 105

NODGRP_NAME [3]

n
1 2 3 4 5 6 7 8 9 10 NODGRP_ITEM[50-74]
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25
Zmax NODGRP_NAME [4]
101 102 103 104 105 106 107 108 109 110 NODGRP _ITEM[75-99]
111 112 113 114 115 116 117 118 119 120
121 122 123 124 125



FEM3D

= RITEMGERE
#r3— Fheat3D

testl

AMo7ag5.4

DFERk

input_cntl
HET—2 AR

input_grid
Ay aTFAILAN

mat_con0
TR AR TAETAEH

mat_conl
TR AR TAETALEH

mat_ass _main
FREBUTHI &L
mat_ass_bc
BR&EHNE

find_node
MRIER

solvell
B8R ILAA—$HIE

mSORT
=k

jacobi
YaE7 RtE

Cg

output_ucd
Al R

CG%EtE

80
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GlobalZ#3 : pfem util.h (1/3)

pUE e AR H4 X /0 SIS
fhame C [80] I Ay aTdrAILE
N, NP 1 || EiAE%
ICELTOT I | | EH=H
NODGRPtot I | | BRI IL—TH
XYZ R [N] [3] I B R AR
ICELNOD I | [ICELTOT][8] | | ERaRITAET4
NODGRP_INDEX I | [NODGRPtot+1] | | RERTL—TISEENBE AR (BHE)
NODGRP_ITEM ! éﬁ?ﬁ?f?ﬂ WDEKINODG | | g5 — Tz e n iR
NODGRP_NAME €80 éﬁ?ﬁ?f'fﬂ NDEXINODG | | | g — 7
NLU I O | BEIRIEXARSEK
NPLU 1 O | FERAMSHRY
D R [N] O | &4&T5 . xmJovy
B, X R [N] O |HEBERY RIL, RHMEARY kL




FEM3D

GlobalZ#3&

. pfem_util.h (2/3)

¥4 =]l B4 X /0 N =
AMAT R | [N] O | 2175 : FFFEMARS
indexLU I [N+1] O | £F175 : FEFIERARSTH
itemLU I [NPLU] O | 2173 : EFEMAKS (FIFS)
INLU I [N] O |&HEHROFFFAARDTH
[ALU I [N] [NLU] O | BERDFEFEAARSE (FIFS)
TWKX I [N][2] O 7 —% REC3|
ITER, ITERactual I | | REEZD LR, EEORERZR
RESID R | Y RE (1.e-8I25KTE)
pfemlarray I [100] REH (ER
pfemRarray R [100] BEH (ER)

82
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GlobalZ #43

% . pfem util.h (3/3)

EHA e B4 X /0 n =
08th R | |=0.125
PNQ, PNE, PNT R | (2121 (8] O |&AYREAAILHETSE TL.T0Thi-1-9
POS, WEI R | [2] O |&AYRENADERE, EHFH
NCOL1, NCOL2 [ | [100] o | v—rRI—yES
SHAPE R [2]1[2]12] 18] O |BHVAESRIZEITHEKEE N, (i=1~8)
PNX, PNY, PNZ R | [21[2][2] 8] O |&AYREAAIBTE To.TTrli-1-y)
DETJ R | [21[2][2] O |&AYAEAAIIETBYIET LTHIR
COND, QVOL R || BMEEE, AN Y EREBRR

83
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T YO RERMET

o —RITMNDE =X, index, item|ZBHE L -5 Z RS
HIZEHAZEMNWTET-

— EE OB D EIE2

- BEENERIZH LT +1&-1

« ZRTDIGEIEEL > EEH
- EEOFEFARTDEIL7T~26 (BREDHIK)
- ERITEH - LEH
— BILUT, EERERARSEIIHI L

movie
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T YO RERMET

o —RITMNDE =X, index, item|ZBHE L -5 Z RS
HIZEHAZEMNWTET-

— EE OB D EIE2

- BEENERIZH LT +1&-1

s ZREDGEITE - LEM
— EFAERBRIDEKIET~26 GEEDIK)
— ERIEEH - L EH
— BT, FE¥OERAEIEITHA,S AL
« INLU[N], IALU[N][NLU] 2{E-> CIEE OIER AR
NEEFRBIZEIET S



FEM3D

EIRALE

/%
/ program heat3D 13 (19 @ 6
k%
#include <stdio. h>
#include <std ib.h> ! I 8 9
*x fp_log;
#define GLOBAL_VALUE DEFINE (O—40——1)—12

#include “pfem_util.h”
//#include “solver11.h”
extern void INPUT_CNTLOQ) ;
extern void INPUT GRID() ;
extern void MAT_CONO () ; <5\
extern void MAT_CON1() ;

extern void MAT_ASS MAINQ) ;

|~
(3]
(<)

N

@
&
©,

extern void MAT_ASS_BC() ; 1 2 3
i o SHET o
extern voi i ; () 23 (
int main() o k2/ 3 @

INPUT_CNTL () ;
INPUT_GRID () ;

T 00 MAT _CONO: INU, IALUA X
e MAT CONI1: index, item4E Bk

MAT_ASS_MAINQ) ;
MAT_ASS_BC(O

SOLVE11() ; - = =
wrrwmo . CUBAT IDLIRFSERESZRIE
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MAT CONO : &Kk

do icel= 1, ICELTOT (- L+1,+1) (+1,4+1,+1)
SE A DEFZRMN 5,
INLU, TALUZ 2R
(FIND_NODE) (~L-L+1) (+1,-1,+1)
enddo
(+1,+1,-1)
A\ ~ (&n.¢)=(-1,-1-1) (+1,-1-1)
13—(19——15—s
7 8 9
A\ 7 4
©O—0—=)—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 %Eﬁ,'ﬁ(»j:b”'%)

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

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

s static functuons skx + 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"(‘[,\éd)"@
o o COE3TED
NLU= 26; = 21~
INLU= (KINT* )al locate_vector (sizeof (KINT),N) ; .
IALU= (KINT##) a| |ocate matr ix (sizeof (KINT) N, NLU) ; FHDIZENDEE:
for (i=0;i<N; i++) INLU[i]=0; =L R—rERE

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

/%

*x MAT_CONO
%k /
#include <stdio.h> ZTA H4A4 X A B

#include “pfem_util.h”

#include “allocate.h

LEEDIEFIE AR
t FILE *fp_log; o
%*irgxternaT ?Eng%ions Kk / INLU [(N] S
?xterntvgid $SOR1(int*;*l9t*, int);
*xxx static functuons re __ .
static void FIND_TS_NODE (int, int); [ALU IN] {[NLU] ZET R DIEFIER AL
n (BFES)

%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),N) ;
IALU= (KINT*x) al locate_matrix (sizeof (KINT), N, NLU) ;

for (i=0; i<N; i++) INLU[i]=0;
for (i=0; i<N; i++) for (j=0; j<NLU; j++) IALU[i][j]1=0;
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THNARD T4 ET 4 ER
MAT CONO (2/4) :1hSIAEERES

for ( {c?éEEﬁ68Q!< }QE%IQT:iceI++){
in2=ICELNOD[ice|] [1]’ (=1+1+1) (+1+1+1)
in3=ICELNOD[ice|] [2]
RS ) e
1no= [ 1cel|l4], L 1l.—1.+1
in6=1CELNOD[ i ce|] [5] Gl
in7=ICELNOD[ice|] [6]
ing=ICELNOD[ice!] [7]

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

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

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, inl1):
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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EimiEZE : FIND TS NODE
INLU,IAUEZ «km:’Cli GDﬁI! T EFF)

/*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;

KHA B4R AN

INLU IN] gg,ﬁd)#%#ﬂﬁhﬁ
FETRDIEFIEX A

[ALU IN{INLUD | % e
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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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EiS3¥EZE : FIND TS NODE
RILTTIEC @ﬁB \li—EE)J

/*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++

Ogé(ipz = IALU[i[;')?—H][kk—ﬂg {return: IALUIZEENTLVELY
EE(E, INLUIZIZNAT

icou=INLU[ip1-1]+1; IALU(:*%%W

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

return;
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THNARD T4 ET 4 ER

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

MAT CONO (3/4)

(-1,+1,+1)

(—1,-1,+1)

(&1.¢)=(-1,-1-1)

(+1,4+1,+1)
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THNARD T4 ET 4 ER
MAT CONO (4/4)

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

for (in=0; in<N; in++) {
NN=INLU[in];
for (k=0;k<NN;k++) {
| NCOL1[k]=IALU[in] [k];
mSORT (NGOL1, NCOL2, NN) ;

for (k=NN:k>0;k—-) {
| TALU[in] [NN-k]= NCOLT[NCOL2 [k-1]-11;

REAIZHBT,
IALU[][K] AV INEWLNEE M5
RKEWESICIHESKIIZY—F
(BT ILY—)
BLELMO0EEEDELDEY—FT 5
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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), N+1) ;
for (i=0; i<N+1;i++) indexLU[i]=0;

C
for (i=0; i<N; i++) |
indexLULi+1]=indexLU[i]+INLU[i];
index[i Z INLU[K]
NPLU=indexLU[N] ;
itemLU= (KINT=) al locate_vector (sizeof (KINT), NPLU) ; index[0]=0
o R0 kN UL ke (
=0; Tk++
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<N; i++) {
indexLULi+1]=indexLUL[i]+INLUL[i];

NPLU=indexLU[N] ; NPLU=index[N]
i temLU=(KINT*) al locate_vector (sizeof (KINT), NPLU) ; itemDHY AR
for (i=0; i<N; i++) [ JEt O IEXT AR Fa %

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

}
deal locate_vector (INLU) ;

] deal locate_vector (IALU) ;

MAT_CON1
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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), N+1) ;
for (i=0; i<N+1;i++) indexLU[i]=0;

for (i=0;i<N; i++) {
indexLULi+1]=indexLUL[i]+INLUL[i];

MAT CON?

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

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

for (k=0;k<INLULi]: k : - S s
ottt e iteml=T0 M DIAES

\ itemLU[kk]=IALU[i][k]-1; ﬁﬁﬁ%%%gﬂ%
}
deal locate_vector (INLU) ;

] deal locate_vector (IALU) ;

MAT_CON1
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CRSHZADZEH#: : MAT_CON1

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

J

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<N; i++) {
indexLULi+1]=indexLUL[i]+INLUL[i];

NPLU=indexLU[N] ;

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

for (i=0; i<N; i++) {
for (k=0;k<INLULi];k++) {
kk=k+indexLU[i];
itemLU[kk]=IALUL[i] [k]-1;

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

MAT_CON1

INLEFEHIETPTRE
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/%%

program heat3D

*k /

#include <stdio.h>
#include <stdlib.h>

FILEx fp_log

#tdefine GLOBAL_VALUE DEFINE
#include “pfem_util.h”

//#include

extern void
extern void
extern void
extern void
extern void
extern void
extern void
extern void
int main()

“solver11.h”

INPUT_GNTL () ;
INPUT_GRID () ;
MAT_CONO () ;
MAT_CON1 () ;
MAT_ASS_MA

INQ ;
MAT _ASS BC ()
0

SOLVEI1 () ;
OUTPUT_UCD () ;

INPUT_GNTL () ;
INPUT_GRID () ;

MAT_CONO () ;
MAT_CON1 () ;

MAT_ASS_MAINQ ;
MAT_ASS_BC(O

SOLVE11 ()

OUTPUT_UCD ()

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,
BXUVYaET7 U ZHEH (JACBI)

dodief 1,18 ] Je
Oﬁgggﬁhéiﬁééz ip, Jp ©|0|0]|0]|0]|0]|0|0
Aip,jpd)itemLUl:BH'éT KL X :kk O O O O O Q O Q
do kpn= 1, 2 i, O|O|0|0|0|0|®@|O

do jpn=1, 2

do ipn=1, 2 7% ’ ’ ) Ol10|0010]|0[0]|0
m%fhhﬁiiﬁﬂﬁhﬁﬁ,é%ﬁﬂ«@ﬂbuﬂ olololololololo
enzggdo Ol10|0010]|0[0]|0
enddo O|10|0l0|10|0[0]|0
onado o|o|o|o|o|o|o|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) ; FHE¥1T5 GEFIEXNARS)
B =(KREAL*) allocate_vector (sizeof (KREAL),N ); FiBRY kL

D =(KREAL*) allocate_vector (sizeof (KREAL), N) ; B ~IL

X =(KREAL*) allocate_vector (sizeof (KREAL),N) ; ZREATH CHAERS)

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;
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%z17% : 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;
double Z1,72,73,74,175,176,71,18;
double PNXi, PNYi, PNZi, PNXj, PNYj, PNZj;
double CONDO, QVO, QVC, COEFij;
double coef;

KINT nodLOCAL[8];

AMAT= (KREAL*) allocate_vector (sizeof (KREAL), NPLU) ;
B =(KREAL*) allocate vector (sizeof (KREAL) ,N ) ;
D =(KREAL*) allocate vector (sizeof (KREAL), N) ;
X =(KREAL*) allocate_vector (sizeof (KREAL),N) ;

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;

WEI[O]= 1.0000000000€0:  qw g =
ieifi1= 1 ooooooee0,  POS: - ARST R EEAR
= —0. el; sle

POS[i1= 0. 577380260260. WEI: EHAREK

(=11 1)

(-1, —1) 1, —1)

BOS+ a SALEEW
0.57735 02692 1.00000 00000
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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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%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++) {

- 110 BOSHEL QPI(i)=(1+¢&). QMI(i)=(1-¢&)
1 150 = post EP1(j)=(1+7.) EMI(j)=(1-7)
Ibi= }:eO + POS[kp] J=\T15) 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 % EM1 * 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

]= 08th * QP1 * EM1 * TP1;

[6]= 08th * QP1 * EP1 * TP1’ _
71= 08th * Qi % EP1 * TP1: (&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 4nli-2)
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 [ 5]= 06th + Q1 * ENl * TP1:
7

K01 U712 ath O * EP1 » Th1: No(&.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] |
PNQLip] |
PNQLijp] [
PNQLijp] [
PNQLijp] [
PNQLjp] [

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

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

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
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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, Cy) IS8+ BRAARBI S D — B 15>
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1\%‘511‘{5'] MAT_ASS_MAIN (3/6)

PNQ[ ]

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=IGELNOD
in6=IGELNOD
in7=1GELNOD
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: (-1,41,+1) (+1,+1,+1)
+ 08th * QM1 * EP1;

Il (+1,-1,+1)

(&n.¢)=(-1,-1,-1) (+1,-1,-1)

109



FEM3D

%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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%27 -

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
&n.¢)=(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




FEM3D

%27 -

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)
&m¢)=(-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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%27 -

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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#include <st
#include <ma
#include “pr
#include “al
/%K

skx JACOBI
sokk /

void JACOBI (

dio. h>
th. h>
ecision. h”
locate. h”

KREAL DETJ[2][2][2],

JACOBI (1/4)

KREAL PNQ[2] [2] [8], KREAL PNE[2][2][8], KREAL PNT[2][2][8],

KREAL PNX[2][2][2][8], KREAL PNY[2][2][2][8], KREAL PNZ[2] [2][2] [8],

KREAL X1, KREAL X2, KREAL X3, KREAL X4, KREAL X5, KREAL X6, KREAL X7, KREAL X8,
KREAL YT, KREAL Y2, KREAL Y3, KREAL Y4, KREAL Y5, KREAL Y6, KREAL Y7, KREAL Y8,
KREAL Z1, KREAL 72, KREAL Z3, KREAL 74, KREAL 75, KREAL Z6, KREAL Z7, KREAL Z8)

calculates JACOBIAN & INVERSE JACOBIAN
dNi/dx, dNi/dy & dNi/dz

int ip

. Ip, kp;
double dXdQ, dYdQ, dZdQ, dXdE, dYdE, dZdE, dXdT, dYdT, dZdT;

double coef;

double all, al2, al3, a21, a22, a23, a3l, a32, a33;

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

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

For (kp=0; kp<2:k
PNX[ip] []

X[ip] [

PNXLip] []
PNXLip] []
PNXLip] []
PNXLip] []
PNXLip] []
PNXLip] []
PNX[ip] [}

p++) {
[Kp]

e e

' ON, ON, oN, | L
]\jj _af’aﬂ’ag_’(XI’yl’ZI)(l_l 8)

(ON, N, oN,
,—L, =L | det|J
=P v S
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HRERZRRICE TSRS (1/4)

» [R5 @ﬁT&UMT@&oL&é
5Ni(§a77»§):aNi 6X_|_8Ni oy

116

o& X 0 oy a§+ P ag
8Ni(§9779§):a|\|i OX _I_aNi ay_i_aNi 0z
on oXx on oy on 07 On
ON;(&,7,¢) _ ON; OX +8Ni oy +6Ni o/
o¢ OX 0, oy 0 07 0¢
ON. ON. ON, e Ll | B [ R
{55 o a;} FERIYBEITKRDLONDAD
P\' SR }&Bﬂ@ﬁﬁﬂﬁﬁﬁm
ox oy oz
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BRERRIZE T SRMS (2/4)
* REUYIARTTRHE

N | [ox oy azffen]  [eN,
05 0 O0g 05 || ox OX
ON,; ox oy oz ||oN; ON,

Y= 3 >:[J ]<—'>
on| |0n On On|| oy oy
ON; oXx oy oz ||oN. ON;

|0 ) 06 0 og |loz. L 0z

Ju Jin Jps [J]: YaED<rJHR
3]=13,, 3, J., (Jacobi matrix
3] ] Jacobian)

31 32 33
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HAEEZERICE T 5RMS (3/4)
é(?wbhé

|laé:
3, ON.

-N@ =& URGE

‘]11
55 65[.1 j = 85

8

J N.

= DL
OX 0 [x

J N

21 = 877 877 ; i X
0z 0 (<

23 87] 877 |Z:1: |Z|
X 0 (<

J,, = = N.X.

31 6; aé, ; |X|
0z O (<

J., = N.z.

33 aé, 6;(21 |Z|

oy _ (s N,
12 85_85[;‘"\"%] ,Z:‘@é‘y'

y _0 N
J22 877 877(2 |y|] Z:‘a i

oN
Z—y.»

= 0 ag(zl j ~ 0¢
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/%

%k /

DETERMINANT

JACOBI (2/4)

PNY[ip] [jp]
PNY[ip] [jp]
PNY[ip][]
PNY[ip][]
PNY[ip][]
PNY[ip][]
PNY[ip][]
PNY[ip] [}

PNZ[ip] [ ]

PNZ[ip][]
PNZ[ip][]
PNZ[ip][]
PNZ[ip][]
PNZ[ip] [ ]
PNZ[ip][]
PNZ[ip] [}

of the JACOBIAN

dXd@ = PNQ[jp] [kp]
+ PNQ

+ PNQ[ j
+ PNQ[
dYdQ = PNQ[jp] [kp]
+ PNQ

+ PNQ[
+ PNQ[j
dZdQ = PNQ[jp] [kp]
+ PNQ

+ PNQ[ j
+ PNO[j
dXdE = PNE[ip] [kp]
+ PNE

+ PNE[i
+ PNE[i

e e Hﬁﬁﬁﬁﬁ%o

1xX1 + PNQ[ jp] [kp]
1[kp] [2]*X3 + PNQ[
[kp] [4]*X5 + PNQ[j
[kp] [6]*X7 + PNQ[
*Y1 + PNQ[jp] [kp]
[kp] [2]*Y3 + PNQ[
[kp] [4]*Y5 + PNQ[j
[kp] [6]*Y7 + PNQ[
*Z1 + PNQ[jp] [kp]
[kp] [2]*Z3 + PNQL
[kp] [4]*Z5 + PNQ[j
[kp] [6]%Z7 + PNQ[j
*X1 + PNE[ip] [kp]
[kp] [2]*X3 + PNE[
[kp] [4]*#X5 + PNE[i
[kp] [6]1*X7 + PNE[i

Ol ~NOIW NI ~OTW

1kX4
1xX6
1xX8;

1%Y4
1%Y6
1%Y8;

1*Z4
1%Z26
1%Z8;

1xX4
1xX6
1%X8;
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/%

%k /

INVERSE JACOBIAN

JACOBI (3/4)

dYdE = PNE[lp][kp 0]*Y1_+ PNE[ip] [kp] [1]*Y2
PNETip] [kp] [2]*Y3 + PNELip] [kp] [

+ PNEzlpzzkp==4=*Y5 + PNE[ |p [kp]

+ PNE[ip] [kp] [61%Y7 + PNE[ip] [kp]

dZdE = PNE[ID][kp=[0=%Z1_ﬁ PNE[lp][kp_[1 1%72
PNE[ip] [kp] [2]*Z3 + PNE[ip] [kp]

+ PNEzlpzzkp==4=*Z5 + PNE[ip] [kp]

+ PNE[ip] [kp] [61%Z7 + PNE[ip] [kp]

dXdT = PNT[ID][JD=[0=%X1_ﬁ PNT[lp][Jp_[1 1xX2.
PNTLip] [jp] [2]*X3 + PNTLip] [jp]

+ PNTzlpzsz==4=*X5 + PNT[ip] [Jp]

+ PNT[ip] [jp] [61#X7 + PNT[ip] [jp]

dYdT = PNT[lp][Jpz[Oz*Y1_ﬁ PNT[lp][Jp.[1 1%Y2
PNTLip] [jp] [2]*Y3 + PNT[ip] [jp]

+ PNT=|p= [jp] [4]*Y5 + PNT[ip] [ip]

+ PNT[ip] [jp] [61*Y7 + PNT[ip] [jp]

dzdT = PNT[lp][Jpz[Oz*Z1_ﬁ PNT[lp][Jp.[1 %22
PNT[ip] [jp] [2]*Z3 + PNT[ip] [jp]

+ PNTzlp_ [Jp] g_*Z5 + PNT[ |p [Jp]

DETJ[Ip][Jp][kp]

LIP
dXdQ*(deE*dZdT dZdE*deT
dYdQ* (dZdE*dXdT-dXdE*dZdT)

dZdQ* (dXdE*dYdT-dYdE*dXdT) ;

coef=1.0 / DETJ[ip] Ljp] [kp];
all= coef * ( dYdExdZdT - dZdExdYdT

al2= coef *
al3= coef *

a21= coef *
a23= coef *

a31= coef *
a32= coef *

dZdQ*dYdT - dYdQ*dZdT
dYdQ+dZdE - dZdQ*dYdE

)
( )
( )
( dZdExdXdT - dXdExdZdT ) ;
a22= coef * ( dXdQxdZdT - dZdQdXdT ) ;
( dZdQ*dXdE - dXdQ*dZdE ) ;
( )
( )
)

dXdExdYdT - dYdExdXdT
dYdQ*dXdT - dXdQ*dYdT

a33= coef * ( dXdQ*dYdE — dYdQxdXdE
DETJ[ip] [jp] [kpl=Ffabs (DETJ[ip] [jp] [kp]) ;

ol o ol ~ole '\l"o-l"oo

1%Z7 + PNT[i E_

1xY4
1xY6
1%Y8;

1xZ4
1%Z6
1%Z8;

1%X4
1xX6
1%X8;

1xY4
1xY6
1%Y8;

1%Z4
1%Z6
1%Z8;

‘Jll ‘]12
‘]21 ‘]22
‘]31 ‘]32
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BHARERERIZE T HRMS (4/4)

* O TTERDKLIITREMAZETRETED
- ¥IAET Y Bx31TH) OFTIERDD

121

-1

oN,| | ox ez | [oN, N,
OX 0 0¢ 0g | |0g 0
N | [ox gy a| [N | N, |
oy on oOn 0n on on
ON. oXx oy oz ON. ON.

Loz ) |oc oc oc| |ac¢ ] oC




FEM3D

/%

%k /

INVERSE JACOBIAN

JACOB]I (3/4)

dYdE = PNE[ID][kD

PNELip] [kp]
LIPS L

ip]
[0]

+ PNE
+ PNE[i

dZdE = PNE[lp][kp: k
PNE[ip] [
LID] L

ip]
[0]*
PNT[ip] [
=Ip==

[oj
PNT [ip]
=|p=

[oj
PNT [ip]
=Ip_

+ PNE
+ PNE[i

dXdT = PNT[.p][JpZ

+ PNT
+ PNT[i

dYdT = PNT[.p][JpZ

+ PNT
+ PNT[i

dzdT = PNT[.p][JpZ

+ PNT

0]xY1 + PNE[ip] [kp] [1

*Y1:
L P
Jp=

*Z1:
LJP.
Jp=

1+ 1 1+ 1 1+ 1

1+

c»;S%o OREN_ OAN_ ORN cﬁhﬁho

[2]%Y3 + PNEL|
1%Y5 + PNE[
Y7 + PNE[i

1%23 + PNE[
1%Z5 + PNE[
*Z7 + PNE[i

1%X3 + PNT[
1%X5 + PNT[
X7 + PNT[i

1%Y3 + PNT[
1%Y5 + PNT[
Y7 + PNT[i

1%23 + PNT[
1%Z5 + PNT[
*Z1 + PNT[i

PNE[ip] [kp]

PNT[ip][jp]

PNT[ip][jp]

PNT[ip][jp]

Ip ;

U

[ip] [
lp [

U

[ip] [
lp .

*Y2:
L P
Jp=

*zzj
L P
Jp=

U
[ip]
Ip

U
[ip]
Ip

[3]*Y4
1xY6
1%Y8;

1xZ4
1%Z6
1%Z8;

1%X4
1xX6
1%X8;

1xY4
1xY6
1%Y8;

1%Z4
1%Z6

;Jhﬁhd ol doiw  —oTw LJhﬁho

1xZ8;

DETJ[ID][JD][kp]— dXdQ*(deE*dZdT dZdE*deT)'+

coef=1.0 / DETJ[ip] [jp] [kp]:
all= coef * ( dYdE*dZdT - dZdE*dYdT

al2= coef *
al13= coef *

a21= coef
a23= coef

a31= coef *
a32= coef *

dZdQ*dYdT - dYdQ+dZdT
dYdQ*+dZdE - dZdQ*+dYdE

)
( )
( )
* ( dZdExdXdT - dXdExdZdT );
a22= coef * ( dXdQ*dZdT - dZdQ*dXdT );
* ( dZdQ*dXdE - dXdQ+dZdE ) ;
( )
( )
)

dXdExdYdT - dYdExdXdT
dYdQ*dXdT - dXdQ*dYdT

a33= coef * ( dXdOxdYdE - dYdQ+dXdE
DETJLip] [jp] [kp]=fabs (DETJ[ip] [jp] [kp]) :

dYdQ* (dZdExdXdT-dXdExdZdT) +
dZdQ* (dXdE*dYdT-dYdExdXdT) ;

p]" =

a11 a12 a13
a21 a22 a23
a31 a32 a33__

122



FEM3D

/%

%k /

set the dNi/dX,
PNX [

PNX
PNX
PNX
PNX
PNX
PNX
PNX
PNY
PNY
PNY
PNY
PNY
PNY
PNY
PNY
PNZ
PNZ
PNZ
PNZ
PNZ
PNZ
PNZ
PNZ

dNi/dY &

[ip] [}
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip][

NOTTRWN = OJDTTRWN = O ~JD TR LWN — O

JACOBI

dNi/dZ components

J=al1+PNQ[ ]
]=al1+PNQ[ ]
]=al1+PNQ[ ]
=al1*PNQ[]
J=al1%PNQ [
J=al1+PNQ[]
J=al1+PNQ[]
J=al1+PNQ[]
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a31+PNQ []
1=a31+PNQ []
1=a31+PNQ []
1=a31+PNQ []
1=a31+PNQ []
1=a31+PNQ []
1=a31*PNQ[ ]
::a31*P?0_'

,r
©
D TTRWN—=OLDTTRWN = O ~d T N — O

1+a12xPNE

1+al2xPNE[ip] [

+al12+PNEL ip] [
1+al12«PNE[ip] [
1+a12xPNE[ip] [
1+a12xPNE[ip] [
1+a12xPNE[ip] [
1+a12xPNE[ip] [
1+a22%PNE[ip] [
1+a22xPNE[ip] [
1+a22%PNE[ip] [
1+a22%PNE[ip] [
1+a22%PNE[ip] [
1+a22*PNE[ip] [
1+a22*PNE[ip] [
1+a22xPNE[ip] [
1+a32xPNE[ip] [
1+a32xPNE[ip] [
1+a32xPNE[ip] [
1+a32xPNE[ip] [
1+a32xPNE[ip] [
1+a32xPNE[ip] [
1+a32xPNE[ip] [

1+a32xPNE[ip] [

OX

[ip] [

(4/4)

NOTTRWN = OJDTTRWN = O ~JD T LWON — O

1+al3*PNT

1+al13*PNT [ip] [jp]

1+a13+PNT[ip] [ip]
1+a13+PNTLip] [jp]
+al3*PNT[ip] [ jp]
1+a13*PNT [ip] [jp]
1+al13*PNT [ip] [jp]
1+al13*PNT [ip] [jp]
1+a23+PNT [ip] [jp]
1+a23+PNT [ip] [jp]
1+a23+PNT [ip] [jp]
1+a23+PNT [ip] [jp]
1+a23*PNT [ip] [jp]
1+a23+PNT [ip] [jp]
1+a23*PNT [ip] [jp]
1+a23*PNT [ip] [jp]
1+a33*PNT [ip] [jp]
1+a33*PNT [ip] [jp]
1+a33*PNT [ip] [jp]
1+a33*PNT [ip] [jp]
1+a33*PNT [ip] [jp]
1+a33*PNT [ip] [jp]
1+a33*PNT [ip] [jp]

1+a33+«PNT [ip] [jp] [

ol

0z

05
OX

05
0z

on
OX

on
0Z

e

oG

[ip] [ip]

S e e Ca e S N G S

a11
a’21

a‘31

a'12
a22

a32

al 3
a23

a33 _
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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]; 17 X, 7]
f je=0; je<8; j
ogéiﬁostJ)gAL[jgirT)[ A. .
1P, JP
ol 1= i)
| iiégihaexfunp—ﬂ; kk:itemlZHIFTHTFTRFL R
iiE=indexLULip 1;
for ( k=iiS;k<iiE;k++) {
ifékiﬁgmLU[k] = jp-1){
. break; ip= nodLOCAL[i€]
} jp=nodLOCAL[je]
~ Fehe
(-1+1,+1) (+1.+1+1) IMBIRFESETRES

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




< 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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%z17%1 : MAT_ASS_MAIN (5/6)

CONSTRUCT the GLOBAL MATRIX

%k /

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

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

kk=k;
break;

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

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




475 - 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*CONDO+ (PNXi*PNX j+PNY i *PNY j+PNZ i*PNZ j) ;

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

}
}
}

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

if (jp !=ip) {
| AMAT[kk]+— COEFi j;

} ] oN,ON; AN, ON; AN, ON,
} } Ulj]{z v +z@y @y +A—L— }demdgdndg




75 - 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+PNZ i*PNZj) ;

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

QVO+= SHi * QVOL * coef; +1 41 +1
} =] [ [f&n.¢)dednds
} -1 -1
} L M N
f iD==1i = . . I - -
| DHB—]]IEL ({)OEFij; Z : ZI‘NI Wj Wk f(éanpgk)l
BLip-1]+= QVO*QVC; i=1  j=1 k=l

if (jp !=ip) {
| AMAT [kk]+= COEFi j;

+1+1+1 _ 8N 8N - aN
! Hj{za'\" 1y g N 5 N ‘}detmdgdndg
} “1-1-1 OX  OX oy 5y 07 01




T®RT5 - 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 _Wi '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*PNZ j) ;

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

+1 +1 +1

. =] [ [f&n.¢)dednds
B R
} L M N
'fDEfoT]IEL SoEFi i :Z 2 ZI‘N. ‘W, 'Wk'f(fi,m,?k)l
BLip-1]+= QVO*QVC; i=1  j=1 k=l

if (jp !=ip) {
| AMAT[kk]+— COEFi j;

+1+1+1 _ 8N 8N - aN
! Hj{za'\" 1y g N 5 N ‘}detmdgdndg
} “1-1-1 OX  OX oy 5y 07 01




T®E4T5] - 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*CONDOx (PNXi*PNX j+PNY i xPNY j+PNZi*PNZ]) ; [L(U J (Ia J — 1~ . Eg)
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




T®4T5] - MAT ASS MAIN (6/6)

Qvo= 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]; L(](e) {Qb}(e) — {if }(e)
PNYi= PNY[ipn] [jpn] [kpn] [ie]; | __
PNZi= PNZ[ipn] [jpn] [kpn] [ie];
PNXj= PNX[ipn] [jpn] [kpn] [jel: £ ]®) _ [ ]T
PNYJ= PNY[ipn] [1pn] [ken] jg : _f] — IQ N[ dV
PNZj= PNZ[ipn] [jpn] [kpn] [jel;
COEF i j+= coef*GONDO* (PNX i*PNX j+PNY i*PNY j+PNZi*PNz}J) ;
SHi= SHAPE[ | j k iel; 0
V0+= SHi L'B{}%EJE”]CCEE,??] el Q(x, Y, z) — QVOL‘XC + yc‘
}
}
| QVC =[x + Y|
ifDEfpri+) éOEFI
BE b11e= VowUC: QVO0= jQVOL[N ]TdV
if (jp !=_ip) Vv

{
| AMAT[kk]+— COEFij;

! [f]® =QVvo0-QVC
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MAT ASS BC : &R

do i=1, N

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

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, N NZ
do k= indexLU (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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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 iS5, 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;

/%%
/=7max

%k /
for (in=0; in<N; 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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IEREH - MAT_ASS BC (2/2)

for (in=0; in<N; 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<N; in++) {
for (k=indexLU[in] ;k<indexLU[in+1];k++) {
if (IWKX[itemLU[k]I[0] ==1) {
| AMAT [k]1= 0. e0;
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MR ET DERE | —RTEMEERRE

7

RIEL Y —HRH2R Q

x=0 (Xmin)

O ol :
% éBx(/1 6xj+Q_O

X= Xmax

o« —FR7E : BRETRA, BMZEZR]
- RS Y—HER (BEzY) QLT Q
» REREH

— x=0

— X=X

- 1=0

OX

(

=]

O _ o ()

" Mmax -

7€)

B8 —RitE



Xx=0CRILT S AR
T,=0

7

RIEL Y —HRH2R Q

O ol :
% é?x(/1 0xj+Q_O

X=0 (Xin) X= Xmax
« —FR7E : BTETEA, BMEEER/
s ARESY —#%ER (FRE=EY) (QL3T') Q
» WREH

—x=0 : 750 (EE)

— XXy - 2—1:0 (HrEh)

B8 —RitE
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7°|:I7°5L\- 1d.c(6/6)
—BRREH@x=0

/%
// A
// | BOUNDARY conditions |
// A
¥/ T,=0
+ Xmin =/ SRS, Hil=0, JERAMS=0
i=0;
jS= Index[i];
AMat[jS]= 0.0;
Diagli 1= 1.0;
Rhs [i 1= 0.0;

for (k=0; k<NPLU; k++) {
i f (Item[k]==0) {AMat [k]=0.0;
1

#E: —RE
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o045/, :1d.c(6/6)

Ik _
FE—HEERZH@x=0
/%
// A :
// | BOUNDARY conditions
// A :
g To=0
/% X=Xmin */ tARD=1, Hi8=0, FEXAMH=0
i=0;
jS= Index[i];
AMat[jS]= 0.0;
Diagli 1= 1.0; 3 I
Rhs [i 1= 0.0; tryu7y

for (k=0; k<NPLU; k++) {
i f (Item[k]==0) {AMat [k]=0.0;
1

B8 —RitE
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A4 5.1 :1d.c(6/6)
F—REEREH@x=0

/%

// A

// | BOUNDARY conditions |

// A

*/ T,=0

/% X=Xmin %/ A D=1, Ai0=0, FJEXRAZ=0
i=0;
jS= Index[il; HE, Easyr
AMat[jS]= 0.0;
Diagli 1= 1.0;
Rhs [i 1= 0.0;

for (k=0;k<NPLU; k++) {
i f (Item[k]==0) {AMat [k]=0.0;
}H

T DXMEZRDI=D, F—EIEFRF

HrzEALTOSE RISHIET B517Z,

BLICHBIALTHET S (S DGEIXIEX
ARDZ0ZT BT TRLY)

#E: —RE
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—RRIERFHELTAODS S

/%
% T | TR FEZTR D=0, F—FEERSE
7. conditions | g2 BRI TLNBEAIS *TFC\?%WIJJ%
*/ ALICBIELTHEET S
Index[ j+1]-1

e Xekin o Diag ¢, + > Amat, ¢ = RhS;

i=0: k=Index[ j]

JS= Index[i];

AMat[jS]= 0.0;

Diag[i ]=1.0;

Rhs [i 1= PHImin;

for (j=1;i<N;i++) {
for (k=Index[j]:k<Index[j+1];k++) {
if (Item[k]==0) {
Rhs [j]1= Rhs[j] - Amat[k]*PHImin;
AMat [k]= 0.0;
H

#E: —RE
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—RRIERFHELTAODS S

// 4 TR DORFEERDT=th, F—TEERE
/) Lm0 aitions | 2wl Tingg mlﬂmﬁéWME

i H0I-BELTHEET S

Index[ j+1]-1

Diagj¢j + Z Ama'tk ¢Item[k]

/* X=Xmin */
i=0: k=Index[ j].k=k,
jS= Index[i];
AMat[jS]= 0.0; — Rth - Amatks ¢Item[ks]
Diag[! 1= 1.0;.
Rhs [i 1= PHInin: = Rhs; — Amat, ¢,;, where Item[k;]=0

for (j=1;i<N;i++) {
for (k=Index[j]:k<Index[j+1];k++) {
if (Item[k]==0) {
Rhs [j]1= Rhs[j] - Amat[k]*PHImin;
AMat [k]= 0.0;
H

#E: —RE
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IR - MAT_ASS BC (2/2)

L
" Blin]= 0. IWKX[in-1][0]=1& %GB8 RIZ *‘IL,'C

D 1.e0; . o
fg;QE(—lndngU[in]:k<indexLU[in+1]:k++)[ ﬁﬁﬁk_ﬁ:L Eﬂ:O, gFgﬂﬁﬁk_

| AMAT [k1= 0. e0;

}
} L

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

——

CCTCOOTWNAIEE—RITDOREE
E<{E ALY
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IEREH - MAT_ASS BC (2/2)

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

}
}
}

Bk, aoy7r

CCTCOOTWNAIEE—RITDOREE
E<{E ALY
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test1 input_cntl
P E il N HEHT—2AN
input_grid find_node
Ay aT7PLILAS MRER
mat_con0 mSORT
F??ll:l*bv‘-»rl:’v‘-»riﬁﬁl v—k
mat_con]
F:rﬁllz*77_'»fl:'7_—4$ﬁ?|
mat_ass_main jacobi
FREATINAE R YaE7 RHE
mat_ass_bc
EREHNE
- — FEhiI=— 355 &7 solvell cg
= Rt EnE e
D\
*ﬁ :l I\ heat3D output_ucd

Al {E 0

D&k



FEM3D

/%%

program heat3D

*k /

#include <stdio.h>
#include <stdlib.h>

FILEx fp_lo

g,

#tdefine GLOBAL_VALUE DEFINE
#include “pfem_util.h”

//#include

extern void
extern void
extern void
extern void
extern void
extern void
extern void
extern void
int main()

INPUT_CNT
INPUT_GRI

MAT_CONO (
MAT_CONT (

“solver11.h”

INPUT_GNTL () ;
INPUT_GRID () ;
MAT_CONO () ;
MAT_CON1 () ;
MAT_ASS_MA

INQ ;
MAT _ASS BC ()
0

SOLVE11() ;
OUTPUT_UCD

LQ);
DO

)
)

MAT_ASS_MAINQ) ;
MAT_ASS BC() ;

SOLVE11 0

OUTPUT_UCD ()

AL

IH
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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 |
**/I I
ITER = pfemlarray[0];
RESID = pfemRarray[0] ;
/%

| ITERATIVE solver |

*

ITERactual= ITER;

SOLVE11

*
CG_(N,NPLU, D, AMAT, indexLU, itemLU, B, X, RESID, ITER, &ERROR):

146
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RIS KR B ECE

Preconditioned Conjugate Gradient Method (CG)

Compute r(@= b-[A]x(®
for 1=1, 2, . . o
solve M]zGv= ren RGBT —1)2)
pi_= rli-1) z(i-1)
if i=1
pM= z©
else
Bi-1= Pi-1/Pi-2
p(O= zG-1D + g, pG-D
endif
q‘i'= [A]lp@D
oj = pi-/pHqt
xM= xG-D + ¢.p®
rd= rG-1 _ g.qd
check convergence |r|

)
>
o
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XTARAr—)2), RNIEALE

« BILETTHIELT, LEDITIDX AT DHZEHYH
LT=175ZmI0E1TS [M] £T %,

T

— AR —1)5, F4akE (point-Jacobi) B fLIE
D, 0 0 0
0 D, 0 0
M]=| ...
0 0 D,, O
0 0 0 Dy

[N

- solve [M]zGD= rG-DENSBEITHEITHIZEE
IZRDBENTES,
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CGYIL/\—(1/6)

#include <stdio.h>
#include <math. h>
#include “precision.h”
#include “allocate. h”
extern FILE *fp_log;

void CG (
KINT N, KINT NPLU, KREAL D[],
KREAL AMAT([], KINT indexLU[], KINT itemLU[],
KREAL B[], KREAL X[], KREAL RESID, KINT ITER, KINT *ERROR)
{
int 1, J,k;
int ielL, 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 IterPRE;

KREAL *+WW;
KINT R=0, Z=1, Q=1, P=2, DD=3;

KINT MAXIT;
KREAL TOL;
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CGYIL/\—(1/6)

#lnclude <stdio. h>

o 1l /oo 1N\

# WWLil[0]= WWLil[R] = ({r Compute ri= b-[AIX®
s e for i= 1, 2, .
_ [‘ 1 aJE L] ]
e WW_I_ 1]1= W] [Z] = {z solve [M]z(-D= rG-»
WL (1= WWLil[Q] = {a] pi= rd-n zG-n
107 — (] if i=
WWLilL(2]= WWLilIP] = 1pp . pr(ll)i 2
WWLil[3]= WW[i]l[DD]= 1/{D} e clse
{ ot LIS A
int i, Jk; Bi-1= Pi-1/Pi-2 _
int iel, isL, iel, isU; pO= zG-D + g. . pCG-D
333EI§ ‘gmhéo BNRM2, DNRM20, DNRM2 ; bl g
double ST TIME E1 TIME; qv= [A]p™
double ALPHA, BETA; a; = pij_/pMg®
double C1,C10, RHO, RHOO, RHO1 ; XM= xG-D 4+ ¢ pD
int i terPRE; rd= rG-1 _ Otiq(i)
KREAL s+WW: check convergence |r]|

D
>
o

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



FEM3D

CGYIL/\—(2/6)

WW=(KREAL**) al locate_matrix (sizeof (KREAL), 4,N) ;

MAXIT = ITER;
TOL = RESID;
for (i=0; i<N; i++) {
X[i]1=0.0;
}
for (i=0; i<N;i++) for (j=0; j<4;j++) WW[jI[i]=0.0;
/%%
| {r0}= {b} - [Al{xini} |
*k / |

for (j=0; j<N; j++) {
WW[DD][jl= 1.0/D[j];
WVAL= B[j] - D[jI*X[jI;

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

}

WW[R] [j]= WVAL;

WWLil[0]= WWLil[R] = {r]
WWLill1]= WW[il[z] = {zZ}
WWLill[1]= WWLil[Q] = ({al
WWLil[2]= WWLil[P] = {p}
WWLi][3]=ww[i][DD]= 1/1{D}

xt R DR (RTALER)
TDEE, FEZTHEDNEN
B8, T ORISR

151
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CGYIL/\—(2/6)

WW= (KREAL*x) allocate matrix(sizeof (KREAL), 4,N) ;

MAXIT = ITER; Compute r®O= b-[A]x
TOL = RESID; for i=1, 2, .. |
solve [M]zG-D= rG-1

for (i=0; i<N; i++) { pi= rd-n zG-n
I_

X[i1=0.0; -1
| = 1if 1=1
for (i=0; i<N; i++) for (j=0; j<4; j++) WW[jI[i]1=0 pH= z©O
a | else
| {r0l= b} - [A] {xini] | Bi-1i= Pi-1/Pi-
! {ro}= {b} - [A]l{xini} | pl(i%: Zl(il—l) I+2Bi_1 p(i—l)
or (j=0; j<N; j++ (iD= (i)
WWIDD]Lj1= 1.0/DLj]: qt= [Alp '(i) .
WAL= B[] - DLj1*X[j1: oa; = pij-1/ptq
x(M= xG-D + o .p®
for ( k=indexLU[j];k<indexLU[j+1];k++) { rd= G- _ oc-q(i)
i= itemLU[K]; '
WVAL+= —AMAT [KI*X[i1: check convergence |r]|
] end

WW[R][j]= WVAL;
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CGYIL/\—(3/6)

BNRM20= 0. e0;

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

}

BNRM2=|b | 2

BNRM2= BNRM20; & & TUNERH E (5

if (BNRM2 == 0.e0) BNRM2= 1.e0;

ITER = 0;

for ( ITER=1; ITER<= MAXIT; ITER++) {
/%%
sokorkkokkolkkkkkkokklkokkkskokkolkkskkkkokklkkkkkkokkkkkk - Con jugate Gradient Iteration
*k /
/%%

| {z}= MinvI{r} |

*k /

for (i=0; i<N; i++) {
WWLZ][il= Ww[DD] [i]+WW[R][i];
J
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CGYIL/\—(3/6)

BNRM20= 0. e0;
for (i=0; i<N; i++) {
BNRM20+= B[i]*B[i]:
J
BNRM2= BNRM20;
if (BNRM2 == 0.e0) BNRM2= 1. e0;
ITER = 0;

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

skokkskokskokskokskokkokkskokskokskokkokkkokkok sk ok sk kkkok sk ok skok sk k ok k ok sk ok >k

*k /

/%%

| (2= Minvl{r} |

*k /
for (i=0; i<N; i++) {
Ww[z][il= WW[DD] [i]+WW[RI[il;
}

Compute r©®= b-[A]x®
for 1= 1, 2,
solve [M]zG-ll= p(E-1)
pi—1: r(i—l) Z(i—l)
if 1=1
p(l): z(0)
else
Pi-1= Pi-_l/Pi_z _
p(l): z(i-1) 4 Bi—l p(|_1)
endif
q(i): [A]p(i)
aj = pi/pMg®
x(M= x(@-1) 4 Otip(i)
rd= rG-1 - g g
check convergence |r|
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CGYIL/\—(4/6)

/*%

| RHOI= (r} (2} |

%k /
RHOO= 0. e0;

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

}
RHO= RHOO;
/*%
| {p} = {z} if ITER=1 |
| BETA= RHO / RHO1 otherwise |
%k /
if( ITER == 1) {

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

} WWLP] [il=WW[ZI[i];
lelse{

BETA= RHO / RHO1;

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

J
J

WWIPT[i]=WW[ZI[i] + BETAXWW[P][il:

o

Compute r®= b-[A]x©
for 1=1, 2, .

solve [M]z(-D= rG-D
P;_1= r(i-1) z(i-1)
if i=1
p(1)= z(o)
else
Bi—_1= pi—_1/Pi_2 |
p(l): z(l—l) + Bi_l p(l_l)
endif
qO= [A]p@®
x(M= x(@-1) 4 Otip(i)
rd= rG-0 - g.q®
check convergence |r]|
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CGYIL/\—(5/6)

/*%
= = Compute r®= pb-[A]x©®
| {al= [Al{p} | for i= 1, 2, ..
) | solve [M]zC(-D= rG-H
for ( j=0; j<N; j++) { pi_= rd-n zG-n
WVAL= D[j] * WW[P][j]: { it 1=1
for (k=indexLU[j];k<indexLU[j+1] ;k++) — _
i=itemLU[k] ; pH= z©®
WVAL+= AMAT[K] * WW[PI[i]; else
} Bi-1= Pi-1/Pi
WWLQD [j1=WVAL; e i ol i
: [Q][j] p(_u)_ zG-D + g, pG-D
endif
/¥ qi= [A]lp@
| ALPHA= Ri0 | o; = p;/pHq
! = / {p} {a} I x(M= xG-1D + ¢ p
*ok / rM= rG-H - o,gq®
C10= 0. e0; check convergence |r]|

for (i=0; i<N; i++) {
C10+=WW[P] [i]+WW[Q][il;

}

G1=C10;

ALPHA= RHO / C1;
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CGYIL/\—(6/6)

/*%
- = Compute r®= b-[A]x©
| {x}= {x} + ALPHAx{p} | for iz 1. 2
| {r}= {r} - ALPHAx{q} | 1or 2,
: : solve [M]zCG-D= G-
oy pi= ra-n zG-n

X [i1 += ALPHA *WW[PI[i];

WW[R] [i]+= —ALPHA *WW[QI[i]: pM= zO
] else
Bi-1= Pi-1/Pi-o
DNRM20= 0. €0; S -
for (1=0; 14N 1+ | pV= z(-D + g; , pti-D
DNRM20-+=WW[R] [i J*WW[R] [i]; en_d it _
} qd= [A]pD®

DNRM2=DNRM20;

= 5. /pMg®d
RESID= sqrt (DNRM2/BNRM2) : i Pi-1/P*>’q

x(l)= x(i_l) + aip(i)
if (RESID <= TOL ) break; rtl= rG-1) - g,q)
if ( ITER == MAXIT ) *ERROR= -300; check convergence |rj|

RHO1 = RHO
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/%%

(x}] + ALPHA¥[p) |
{r} — ALPHA*{a} |

| ]
| {r}

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

DNRM20= 0. e0;

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

}

DNRM2= DNRM20;

RESID= sqrt (DNRM2/BNRM2) ;

if (RESID <= TOL ) break;

if ( ITER == MAXIT ) *ERROR= -300;

RHO1 = RHO :

Compute r®= pb-[A]x©®

for

end

=1, 2, .
solve [M]z(-D= rG-D
pi—1: r(i—l) Z(i—l)

if i1=1

pD= z©

else

Bi-1= Pi-1/Pi2

p(O= zG-1 + g. . pG-D
endif

qO= [A]pD®
o; = pi-1/PMIgd

x(D= xG-D + . p
rO= G- _ g.q®

check convergence |r|

Resid = \/DNorm2 = M = ‘Ax—b‘ <Tol

BNorm2 [b| |
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