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XRET HEE : ZRTEFMEE
0 (/\ aTj+ 0 (/] 6T)+ 0 (/] aTj+Q(x,y,z):O

ox\ ox,) oy\ oy ) 0z\ 0z

¢ ERRMEE+HE
—FRIGEMBEEER )
@z * HEAK

Z \ - —lARI1IDIIAK GRERK) BEX
— ZAMIZNX = NY - NZ{&

Ve BEREH

Z \

— — _T:O@Z:Zmax
|- V7 - SR RRBEGE (A
" Y2 OPDOERE Xy, 11K

x = Q(xY,2)=QVOL|x; +y|
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IR ET HRERE  ZRTEEETE
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B DENESA

el
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s KIBL-YRBEX
fIEE (AwiraH
IDDERR) [TIKF
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- #IHIME
— TR A A A

- 7095 LA

— EEFHAA>ERLER (N:ETRZEL, ICELTOT : EFX#)
— 25 #EAE (@AY RO R, BRI LI R)
—EBESeAERTEMYHLRTYETS (Index, ltem)

e Y)Y RERL

— BXRBFOUE (doicel=1, ICELTOT)

« EEVT MY REE

« ERT LD AANDEREDE

—Pﬁ%#®ME
o« EI—RAFEXK
- /\f&qﬁali (CG)




« —ZRTEZXNDEII

o ZRITEMEEARER
- Ho—F ik
—EZRT M) RER

« JRYTSLDRTT
« T—AEE
e JOT 5 LDIER
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ZRIEADIRER - ZARER

« FEDBRZEHR D ZENTE D,

« HIT—RERIIHFENELS, —HBOMEZRVNTHE
UERASNIELY,
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ZRITADILE  UEARER

o —RTEBEFRERBUMRKEREZXYHIZERT S &I
£-oT, HMAREZEOERILIXAIEETH S,
— =AML L THITIEXREZRORFEIL L
e LMLEDLL, BN EERICFEITHERAKTRIT
nIEE 5730
- EREEEDLIEL

X 3 ¢« D& SHEMKERS

4 ZEMNTELLY,
2
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-
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BB/ ER ERR (1/2)

Natural/Local/Element

« BREFXRZ, BARERZR En) OEAMER[£],
+1] [CEHT D,

Yy 4 A

3
4 i 3
. o +1 g
2 I -1 +1 g
1 ® ®
> X 1 -1 2

» EEROEARERR (global coordinate)  (x,y) 28
TR 7, BAREERIZE T HRIRERIN]
(E%_&ﬁﬂo)j‘]fﬁ FES5NDERLCIND #ERALTE
9 5
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BRIBIER FEER (2/2)

Natural/Local/Element

> X 1 -1 2

o BEITRDERR : (XY, (%¥2), (Xa,Y3), (X4Ya)
° %ﬁﬁ:‘ﬁ‘zj&s('}_é}ﬂAE , Tl, Tz, T3; T4

4

T=3 N(ENT

4 4

x=2 Ni(f,n)Dq,y:ZNi(f,n)EM
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TAVJINT A MY YyHER

N
Y A A
_|_
ol o
> —0 O &
o @
> X T—l

S ROMEEEMEEZAE, B HELHKI LN
A[REE T B,

ZTO2WSEKT IBRERFER] EHFATLS,
Super-Parametric: Higher-Order N, for (x,y)
Sub-Parametric: Lower-Order N; for (X,y)
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2DBEAREEZEZRDRSREESL (1/3)

« BAREERIZEITHIEARL

4 15 = —ar o O
DREZIAXIITHTEZ 5
nas: ~ ¢
-1 +1
T=a+ta,d+an+a,ién 0 (>

« ZENRTOEHKLY -

T+T,+T,+T -T.+T,+T,-T
0,1:1 243 4 a, = 1 24 34
_ _T1 _Tz +T3 +T4 — Tl_TZ +T3 _T4
- 4 e T 4

as
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2DEREZRRDOAIREZL (2/3)

T=a+a,l+an+a,én ‘+1
T AT, ST AT T, o ©
4 4 1 P
AT AT LT T
4 4 1 e 2

(1 E-n+&n)T, + (1+£ - - &N, +
(1+E+/7+é’/77r3 (1 E+n-&n,
(1 E)L-n)T, + (1+€)(1 n)r, +
1(1+5)(1+/7TF3 La-a)aenr,

4
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2DEREZRRDOAIREZL (2/3)

T=a+a,+an+a,ién
_T1+T2+T3+T4 -T,+T,+T,-T

4
4 4 ¢
“T,-T,+T,+T,  T,-T,+T,-T
1 24 3 /7 4 45

==(1-&-n+&n)T, + (1+£ -n-&nT, +

(L+&+n+&n)T, + (1 E+n =&,
1 N
( (1+§Z)(1_’7 2t

RN~ -I>IH

N
=y
I

Iy

N

T

S

[

Z
I~

L-aasa,

Z.
w
N

=y
+

J\,‘

g
=
+

S

w
.l_
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2DEREZRRDOAZIREZL (3/3)

n
e TAOXIZKALT, TIZTDWT b
IS 2 L LTDE S (D o 3
T =NT,+N,T, +N,T, +N,T, 7 T ¢
» MWKBEENEUTOLS125E: 61,0

N(Em) =5 (- E-n), N =+ €)a-n),

NJEm) = (L é)en) NoEm =4 -eNeen)

o W—RX (bi-linean EXRELMEEN D,
¢ ZFEIRICETANDEZFTEL THE
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=RITT~DILEE

s MEARESR : ZRTICETH5=ARESR
- EEDORIREHRSI ENTE D,
- FIC—RERIIBENEL, —HBOBBZEREVNTHFTYE
Y (A AN
- BROMEAREZREILSEHSNTNS - - -

s REETIHEXRNHAER (TAVYNTAR)IYIE
%) AT 5,
— tri-linear

- = . B
¢ > . /.

Kt

@FE R L
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3D B ARER R D RLIRE R

N(E7.0) =5 1--nL-0) N €) =2 (- ENe-m)ae )
N7 =S n)i=¢)  Ni(Em Q) =L+ Ei-n)a+<)
N, (&,7,8) == (1+£)(1+/7)(1 7)) NJ(EnQ)== (1+€)(1+/7)(1+Z)

N, (E,7,0) = 5(1—5)(1+f7)(1—z) Ng(&,7,{) = 5(1—5)(1+/7)(1+z)

T :iNi(E,n,Z JJut H;ﬂ@ 6/?(+l+1+1)
5 (-1-1+1) (+1-1+1)

x=Y N,(&,7,0) X

- (-1+1-1) ‘

. 8 (+1,+1,—1)
y=2NE2 DT, =2 NEnOE L/ /

(6.7.¢)=(-1-1-1) (+1-1-1)



« ZRITTEXRDEANAL
o = RIEMEEAIER
- AS—F Uik
— BRI M) RER

« JRYTSLDRERTT
« T—AEE
e JOT 5 LDIER
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NI —FVEDER (1/3)

¢ UTDKIG=ZRAMEFTERZERT 5 (BVn
HE—F)

5 e
ox° oy° 0z°

_ BERADEEDTH
T= [N]{¢} (REYOAR), BRICHITHEREZ pLTHS,

o HS—FEITHLY, EE"%LF;EJ;&’E[N]tﬁ“ét
FRERICEVTUTORSAEANFTLND

AT Ao
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Ao5—FENER (2/3)

« ZRITNDT')—2DEE

2 2 2
J OI?+6I§+6I§ dV:jAa—BdS—j OAOB+6AGB+6AOB ny
ox- ody° 0z on 2\ 0x 0x 0y dy 0z 0z

. BT D2BEMA OIS TER (REES L)
[IN] (T )+ AT, )+ AT v
=[N T )+ aN T )+ A(N T T fov

o CNIZUUTZRAT S :
T=[Nkg T.=INJa T, =Ng T.=IN.a
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Ho—xEDER (3/3)
. BB YRREOEOEME TRAABLAS -
- [N ING D)= AN TN D+ AQN TN v g+ [ QIngav =0

\Y,

e ZNXZEZFHFEKX (weak form EFER, TTDHMDHAH
B TIH2PEOMAaNEENTL=A, EXTIT,
J)—2DFBICE>TIEMAIZIEFBINTLS,
_BRIC & o CEMES (R, NIEER) (xd

HERMNFELEH>TWDS : T EIRETEKT2REM Y
DNREFEEERTZE S,
—IEMNEZ T T, —&kxkERELC




FFFFF

BREMEEEE L-ERE  SEE

ol =(1}

kI = [A(N, TN, BV + [ AN, TN Jav
+J')I([N,Z]T[N,Z])1V

1] = [QIN] av




Z2RN M) X 8%x81T5

010_ (W_|/
x T
% To—
K AN K AN N K AN
O|O|O0|0]|O|0|0|0O
O|lO@O|O|0|0|0O
O|lO|O0|0]|O|0|0|0O
O|O|O0|0]|O|0|0|0O
O|lO|O|0]|O|0|0|0O
O|O|O|0]|O|0|0|0O
O|lO|O0|0]|O|0|0|0O
O|lO|O0|0]|O|0|0|0O

(+1-1-1)

(6.7.¢)=(-1-1-1)



FFFFF

BEVYHRIT R K

|_k|J J =1.. 8 (-1+1+1) (+1,+1,+1)
(-1-1+1) @uﬁ
=) |
il =)
/ /
(€n.¢)=
[K]©® = j AN TN TRy + j AN TN v
IA([N,Z] [N,z]}lv

Y

ki ==[{A DN, DN, , + AN, [N, + AN, , [N}V

1]
\Y

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



BIERICIR S =X

ERAR
TN NR

89 D7k

HORADERLBRK (ADR=)Lov 2 FIL
(Gauss- Legendre) EELMFEIND, FERLY)

AEEDZHTAITKOH DD TIEE L, ARG

DY TILRIZE T HEZEF,

[ (0= 3ol ()

19 %

s

w




1D-Part2

ﬁ"? ?E’VAT — Rt DB
TN EIYFBEERL

Smpson's
/( \f(X):Sin(X) : \
X, X, X 1 ;zl 0 ;zz+1

Simpson’s

>

-

X, =0, X, % x3:g &, &, = +0.5773502692
7Tl 2
h=X, =X, =X, =X, = 5= | f(xhx= f (€)hde

S= g[f (X,)+4f(X,)+ f(X,)]=1.0023 DhZWk F (& ) =0.99847



1D-Part2

£ 2 DS A

« BRITILENT-BREEZER[-1,+1] X% LT 5,

. m1IE|0)$§ TRZEERATLSE 2m-1) ROBHET
[FIELLATEE (€ > TIR, 2ROANEEE (F2IKEE
H) ZEAITHEEIE, m=2T+57)

Jreme=Smoe)] e T L

é,=-0.577350 ¢,=+0.577350

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

é, =x0.774597w, =5/9
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Gaussian Quadrature
HoZDES B
« BREER (&0, LTEZES>AIDRERLAMN

F23 (ZRT)

n=2
i n=3
(—1,1) G,

5

(=1, -1 (@ =1
Enomta BEAEHW +a w
057735 02692 1.00000 00000 0.77459 66692 0:55555 55555
0.00000 00000 0.88888 88889

n=4 n=5

+ a w o 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 88889

+1 +1 +1

= | [1(&n.0)dédnds
33 w4

LM,N: &n,{ ARIDIED m#
($i:77;:¢,) : B RDEEE
WLW W BT R TOEA R

[T




Gaussian Quadrature
HoZDES B

DA EHLEHI KL
Ehhd, —RITTIE4
RIZBITAIDIEZETE
LTREIXRLN (=X
JTTIE8 )

n=2

7
s Rl (1, 1)

fomliioady =1

BHSE+ a EALEHW
0.57735 02692 1.00000 00000

n=4

+:5 w
0.86113 63116 0.34785 48451
0.33998 10436 0.65214 51549

=gl w
0.77459 66692 055555 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
A ZDES AR

DA EHLEHI KL
EFhnd, —RTTIE4

RICBITAIDEZEE
LTREIXRWN(=R
JLTIE8R)

+1 +1

(=

n=2

7
(=21,1) (1, 1)

=1

BHS+a EALEHW
0.57735 02692 1.00000 00000

e

=gl w
0.77459 66692 055555 55555
0.00000 00000 (0.88888 88889

n=5

= [ [t dédn = ZZBNEN 1 (&)

-1 -1

=1

=1.0x1.0% f (-0.57735-0.57735 +1.0x1.0x f (-0.57735+0.57735
+1.0x1.0x f (+0.57735+0.57739 +1.0x1.0x f (+0.57735-057739

U.339986 Lu4

DOOOOO 00000 056888 88889
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hEFEAZERONIE

- BAERR ({nd LTE
#zx5 (ERm) -

(=1, -1 (@ =1
Enomta BEAEHW +a w
057735 02692 1.00000 00000 0.77459 66692 0:55555 55555
0.00000 00000 0.88888 88889

n=4 n=5

+ a w Ta 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 88889
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H2AVAR/S AN
L™L, Mah

+1 +1 +1

= | [1(&n.¢)dédnds
=Y > Y w o g,.0)

LMN: &En,d BRIDIERD R
(éﬂ’?p(k) *ﬁﬁ:‘#\a)r_* 1|E
W, W, W, : 7 R THEAHRK
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BAEERIZE T SRHS (1/4)

e EHAPDAKXLIYLUTDLDIZHES
0N, (¢,7,{) _ 0N, 9x _ ON; dy 0N, 0z

32

0¢ ox 0& 0y 0& 0z 9¢
oN.(¢,n7,{) _ ON. 0x N ON. oy N ON, 0z
on ox dn o0y on 0z on
oN.(¢,n7,{) _ ON. 0Ox N ON. oy N ON. 0z
0 ox 0 o0y 0{ 0z o
ON. ON. ON e .
I, I, [ =/ 3 L ¢'-El|-“ :s ~ N
{ag on GZ} IEZLYBEITKOHNHH
N, N N, | epe st e fT 2
oxX o0y 0z
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BARERRIZE TSRS (2/4)
* YRMUYIARTT D E

ON | [ox dy dz|[oN]  [oN,
0¢ 0 0 9 || ax X
ON.| | ox o9y 0z ||ON | oON.

J—— 1\ = < Ly = [J ]< —1 3
on on 0n 0n || oy oy
oN; ox 0y 0z ||dN ON;

0¢ | |0¢ 0¢ 04 |l 0z | 0Z |

[J] - YaAEDTRJOR
(Jacobi matrix
Jacobian)
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BHARERRIZE T HRMS (3/4)

°N0)

‘Jll (
af 0¢

=N

i E

W)

)

‘]13 65 af(ZNIZIj

ax:6
on on
0z 0

21

Jos =

oXx 0

31

az: 0
0 0¢

33

on on\s

0 a\5

b

8

D N

=1

8
2 Nz
8
D N |=

8

2 Niz

é(?mbhé

- 05 b g?_aé(z y'] 2o
- 65

=Z— Jzz_gzzaiy(gl\liyij:g%%yi
Z%T,z

:éﬁ



FEM3D

BARERRIZE T HRMS (4/4)

* KOTTRDLIIREMAEHETED
- ¥aAET7 2 Bx3175) DFETHZERD S
(oN,) [ox ay 9z [oN (0N,

x| |08 o9& a&| |a& Fi3
ON | _|ox dy 0z | JoN [ _pafoN,
oy on on on| |on 0n
oN. ox dy 0z | |ON oN,

l0z) |o¢ a7 a¢| |oc¢ 07




2XRE
k]

L TOESL

J — 1 8 (—:L+1,+1)
(-1-1+1)

(é.7.0)=(-1-1,

=—[{AN,, N, + AN, [N, , + AN, , [N, }dV
\%

+/
OX ax ay oy 0z 0z

oN, 0N, ON.
J { ON. JON; ON; 0N, ON, } Y
V
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HAEFERTORES

|_k| J J -1 8 (-1+1+1)

(-1-1+1)

_J-{/]aNl aNJ +AaNI aNJ _I_/]aNl aNl}d\/:
v 0X OX ady oy 0z 0z
ax ax ay oy 0z 0z

ﬁlf{ ON, ON; 0N, ON; 0N, ON

etJ| dédnd
0X ax ay ay 0z az} H sande

1-1-1
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) ADIE

|_kij J l, J =1.. 8) (-1+1,+1)

(-1-1+1)

)
>
ai.

—EEE{/] aa':'(i a(';'(i + aalzl/i aalj/j + aal\lzi a(;j }dew\
| =+jl jl Tf(f,n,i) dédrdd
=3 3 S w6 .,.2,)]

=1 J: k=1
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=) DFIE

C_FETT, ERTLOEIMNAIEE LS,
HeElT:

- 2RI M) D RADEREDE

~- BRFHNE
— BN —RAEBKEMEL - - -

FRETOT S LORAREMR LGN LEREAT D,
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ER>ERT M)V RAEREDE
(4) (3) K@p?) =(1?)

KDk (g
K2k KD |g? ||,
K KD K g

(2) L& w2 & k2lle®) (12

©
(4) (3) KUK =(1%)
©

=

KO O ® O, ey
ki kp ks ky||a fy
@ @ @ @ @ @
ky Kz ki kg ||@ f,
@ @

% fs

IN

@ @ @ @
k31 k32 k33 k34
@ @ @ @ @ @

9 _k41 k42 k43 k44_ @, f4

[K{ P} ={F}

‘D, X X X 1(®,] (B

X D, X X o, |B,

X X Dy X X X|[&(_ BgL

X X X D, X X|o,| |B,
X X Dy X||®5] |B;

i X X X Dg||®s) |[Bs




« —ZRTEZXNDEII

o ZRITHEHMENFERFIENX
- Ho—F ik
—EZRT M) RER

- RE

« AT S LDRTT
« T—AEE
e JOT 5 LDIER
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BB

c ADADEAPXZHERALTUTOEARDOEIA
ERDE (FOYSLEEST, HEBTHEL
TLZ& W)

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

> X

+1 +1

|—jdv | [defd|d&d¢

-1 -1
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43

ek (1/2)

EIFEICK>TYIETY (YIEDITH) Z5tE&

¢ ADRADESBR (=2 IZTRAT %,

+1 +1

= jf(f,n)dfd/FZm: > W, o ()

1 -1 =1 j=1

implicit REAL*8 (A-H,O0-2)
real*8 W(2)
real*8 POI (2)

W(l)= 1.0d0
W(2)= 1.0d0
POI(1l)= -0.5773502692d0
POI (2)= +0.5773502692d0

SUM= 0.d0
do jp= 1, 2
do ip= 1, 2
FC = F(POI (ip),POI(jp))
SUM= SUM + W (ip)*W (jp) *FC
enddo
enddo

a8 H

(=) .1)

(-1, —1) (1, —1)

BOS+ a & HEHW
0.57735 02692 1.00000 00000
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(2/2)

ox oy

[J]: o0& ag’ dqu\ ax[ay oy ax
ox oy 0 on 0F a/7
an on_

af af@'\'"] 2\; 65 05(241:N'y'] Z
0/7 0/7(241: j 2%5'7 0/7 0/7(241: j 241:

N(Em) =5 (- E)mn), N =50+ €)a-n),

g
oN:
an

NJEm) = (L é)en) NoEm =5 -€Neen)



« —ZRTEZXNDEII

o ZRITHEHMENFERFIENX
- H5—F Uik
—EZRT M) RER

e JOY S LDET
« T—AEE
e JOT 5 LDIER
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XRET HEE : ZRTEFMEE
0 (/\ aTj+ 0 (/] 6T)+ 0 (/] aTj+Q(x,y,z):O

ox\ ox) oy\ oy ) 0z\ 0z

¢ ERRMEE+HE
—FRIGEMBEER )\
@z * HEAK

Z \ - —lARI1IDMIAK GRERK) BEX
— ZAMIZNX = NY - NZ{&

Ve BEREH

Z \

— — _T:O@Z:Zmax
[T V7 - RS RBRBEGE (LY
" Y2 QRO Xy, |17

x = Q(x,¥,2) = QVOL|x; + v
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A4 R F—JL (CygwinTIld*.exe)

12X =)L

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

sol

AyvyoaozRL—F3AA 2R =)L

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



FEM3D

STREORN

AU aER=ETE, 774 IVAHE
mgcube
IyoazRL—4

'

<
-

cube.O
Ay, aJ7AIl

~

il

H1HT—5

— sol |<_ INPUT.DAT

J

test.inp
AIfRAE A 7

-~
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49

Ay ok (CygwinTIl&
mgcube.exe)

T=0@Z=z

max

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

NX, NY, NZ - BIDEI®H

AT S

20,20, 20 - &SI

ANTHS

>$ 1s cube.O AR EER
cube.O
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I 2 7 4 JL : INPUT.DAT

INPUT .DAT

cube.O fname

2000 ITER

1.0 1.0 COND, QVOL

1.0e-08 RESID

e fname : AwaJ7M4ILEA

e ITER : RiERIZ LR

e COND : R ER

e QVOL : FFEL-VYRRSFRN

e RESID : RAEEDUNEHIEE
0 (/1 6Tj+ 0(,0T), 0 (A aTj+Q(X,y,Z):O
ox\_ ox/) oy\ oy ) 0z\ 0z

Q(x,y,2) = QVOL|x. + Y|
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£ 1T (CygwinTldsol.exe)

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

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

51



FEM3D

ParaView

http://www.paraview.org/

274 ILEEK
DR
A A= T7AILDIRE

http://nkl.cc.u-tokyo.ac.jp/class/ParaView.pdf
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BRDEE

=1
N

R
=Ak
AR
Y E A
y:ki:3
=Ak
JNE{R
—REFR
2
=AR2
Y £ 2.2
DU {42
A2
=HHE2
JNEA2

UCD Format (1/3)
Unstructured Cell Data

F——F
= @ @2
L ]
pt 0 o 1 0 2
line
=K =Ak2
tri 0 0
IRVANPA
tet ! 2 142
pyr
Mo £ fiz mAR 2
prism 0 3 o 7 3
hex 4 é
line2 _ﬁﬁz
tri2
quad?2
tet2
pyr2
prism2
hex2

o

=i

3

A2
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UCD Format (2/3)

e Originally for AVS, microAVS
e Extension of the UCD file is “Inp”

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

54
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UCD Format (3/3): Old Format

(iR (SR (BMAOT—58) (EEROT—5H) (BT LOT—S

(B ES L) (XEEAR) (YEELR) (ZEEAR)
(BT RFES2) (XEAR) (YEER) (ZERR)

(EXES1) HHED) (EROEE) (EXEHERT HHE0OOLAY)
(EXES2) MHES) ER0BE) (BREBRT LHRDOENY)

(EADT—EHAE) (HA1DEHL) (KD 20HEHY) - - (BRSO L)
(BT — 2R ALDTAIL), (Ef)
(i 5T — R 2D5AIL), (Ef)

(BEIRT—2HADINL), (Bhi)
(BRESL) (HiRT—451) (BiRT—52) -
(HmES2) (BRT—41) (#RT—52) -~

(BROT—IHNE) (RS 1OEEE) (RI20DBRE) - - - (BT DERE)
(BRTEIRDLOIN)L), (Bi)
(BET—EAHD20DIR)L), (Bii)

(BERTHRITDINIL), (Bfi)
(BRESL) (BERT 31 (BRT—52) -
(BRES2) (BRTHL) (BRT—H2) -



« —ZRTEZXNDEII

o ZRITHEHMENFERFIENX
- H5—F Uik
—EZRT M) RER

« JRYTSLDRTT
« T—ARIEE
e JOT 5 LDIER
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Ay, 2T 7A)ILEER : cube.O
BT 1] hoigE->~TULNVS

- BERBEE, MBEES, ARV TAET«
« SIRTIL—TFT—4

- JIL—TH

— JIL—THNE A

—JIL—T4

— FIL—THNEE
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(NX=NY=NZ=4)

F—4

AR

0]

cube.O

N >
Z
P VA
=
e (/N}
N
Il
N
©)
i
V|
= Z
N
X
VS
£
Az
=L
1=
N—
Lo
s
Lo
s
Lo
I
lololololololele) lololele)
elelelelelelelele) e lelelels)
elolololololelele <<t <t <t<t
lolololololeolele) lololele)
elelelelelelelele) e lelelels)
o Yo o Yoo Lo ] N — <<t <t <t<t
lololololololele) lololele)
elelelelelelelele) e lelelels)
Or—ANM<TO—AIM Or—alMm<t
LO—AM<FTLOWON~0O S —ANN<LO
N AN
- T YT T

JAZ Y

YEEAR

XEEAR

Eim 1D
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cube.0 : EXT—42 (1/2)

64 =4x4+4 (ZFRE)
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=2,,,,,
361 361 361 361 361 361 361 361 361 361
361 361 361 361 361 361 361 361 361 361
361 361 361 361

BHEAAM T : 361 B R
=k, ANEIK, —X o
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cube.0 : EXT—42 (2/2)

.

:Zmax
/ Y
NX

T=0@Z

/[

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 2% 44

33 34 39 38
41

26 2] 32 31
32 33 38 3]

—_————r—r——r—Q O

Yo p— — p— p— —

Ye— p— p— p— —

Y — — p— — — — — — p— — p— p—

—ANMILOOT~0SH O —AIM

Yo p— p— p—

Y p— — p— — — — — p—— — p—

Y p— — p— — — — — —— — p—

Y p— — p— — — — — p—— — p—

Y 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—

W
e

8EimID

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 >0 74 &
16 32 48
20 45 70
19 44 69
11 12 36 2l 61 62
) 21 37
6 7 8 9 10 31 32 33 34 35 56 57 58 59 60
1 2 3 4 17 | 18 | 19 | 20 33 |1 34 | 35 | 36
1 2 3 4 5 26 27 28 29 30 51 52 53 54 55
k:_5 124 125 99 l00|(:_4
64 64
120 95
119 94
111 112 36 87
(516} 9O
106 107 108 109 110 81 82 83 84 a5
49 | 50 | 51 | 52 49 | 50 | 51 | 52

101 102 103 104 105 76 77 78 79 80
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\7\\11/_ 707__\\_9

-

41

]
m

cube.O

N >
zZ
> x
3
e zZ
N
I /
®
i
VI
= zZ
N
—~
=
Bk
N
N—r
mmM ({ol{o] OO O
%\ <o (qploo) — QN
40z
— —r— SHOS (@rYe>]
m,__w_umﬂ <o AN~ ~—
oj, _ O 00 0 000
(aploo] AN~ ~—
Y
)
A —r— m~r— ~r—
= (apXeo] AN~ ~—
\
({o){o] ({ol{a] ({ol{e]
AN~ AN~ ~—
— r—r— LOLOLO LOLOLO
AN~ LOO — QN
() ({ell{el{e] < s < < <
(@) O — LOO N\
Lo — r—r— (aplaplqp) (aplaplep
™~ O — OO —N
() O OO AaNANAN AN AN AN
LO LOO LOO — N
<ILO Cr—v—v— Cr—v—v— Cr—v—v—
N e~ LOO e — LOO e~ — QN
= ~— e ~— e
> > N

OO
QN

Y— p—

SHO
Or—

Y— p—

(eo)oo]
Or—

Y— p—

N~~~
O

Y— p—

©O© O
Or—

Y—p—

LOLOLO
O—aA

Yo— p— —

<t <t
O—aA

Yo— p— —

(qplaplep)
O—aA

Yo— 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
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
1 12 36 el 61 62
) 21 37
5 7 8 9 10 31 32|33 |34 .. ¢ 57 |58 |59 |,
1 2 3 4 17 | 18 | 19 | 20 33 |1 34 | 35 | 36
1 2 3 4 5 26 27 28 29 30 51 52 53 54 55
k:_5 124 125 99 lOO|(:_4
64 64
120 95
119 94
11 112 36 87
53 53 Xmin: i=1
106 107 1108 109 10 8l 82 1|83 |84 85  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
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Ay asRk

o EIFEMMIICIEIKRETTRE

— fEHAAR
— KFEA Y a

ff 5I4E AVERE L Ly

RN A Y 2ERT IV — 3y
— FEMAP
e CADT—R2,EDA R TT—XR
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66

EREREONIE - 0455 A
o #HAE

— HIfENZE 3 e A+ aA A

4

RS AIAA=>ERER (NETRZ, NE: EXH)

— BEESIHAE (R RN O R, BERT RN R)

—EF=>2KT M) ORTYETS (ndex, Item)
« Y MU RER

- BEFREMOWNE (doicel=1, NE)

= i“ﬁl PR

« ERT MU REE
c EIAT R DRANDEREDHE

—RARERN
kukdix (CG)
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testl

AMo7ag5 4

=R ERE
#r3— Fheat3D
DFERX

input_cntl

FHEHT—2A N

input_grid
Ay aT7AILAS

find_node
M RIER

mat_con0

F‘“rﬁIJ:I*O?zrt‘H_'/rEﬁﬁ

mSORT
v—F

mat_conl
F:rﬁllﬂ*??/rt‘ﬁ_'/riﬁﬁ

mat_ass_main

FRBATHNERL

jacobi
YaE7UEHE

mat_ass_bc

BREMNE

solvell

BRI N—H

Cg
CGixEtE

output_ucd

AR LA

67



FEM3D

/%%

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_CNTL () ;
INPUT_GRID () ;

MAT_CONO () ;
MAT_CON1 () ;

MAT_ASS_MAINQ) ;
MAT_ASS BC() ;

SOLVE11 ()

OUTPUT_UCD ()

EAL0

IH
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GlobalZ#F*&

pfem util.Lh (1/3)

EH % R H4 X /0 SIS
fhame C [80] I Ay aTrTAILE
N, NP 1 || EiES
[CELTOT I | | EE=H
NODGRPtot I | | BRI IIL—TH
XYZ R [N] [3] I B R EEAR
ICELNOD [ | [ICELTOT][8] | | ERaRITAET4
NODGRP_INDEX [ | [NODGRPtot+1] | | RERTL—TISEENBE AR (BE)
NODGRP_ITEM ! éﬁ?B?ffﬂ NDEKINODG | | g5 — Tz e e R
NODGRP_NAME €80 éﬁ?ﬁ?ﬂjﬂ NDEXINODG | | | g — 7
NLU I O | HEIRIEXARS K
NPLU 1 O | FERAMSHRY
D R [N] O | &5 . xmJovy
B, X R [N] O |HEARY bIL, RHMEARY kL
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GlobalZE# %

. pfem util.h (2/3)

EH 4 E BA4X /0 S
AMAT R | [N] O | 2175 : FFFEMARKS
indexLU I [N+1] O | &F175 : FEFIEAARDTE
itemLU I [NPLU] O | 2175 : FEFEMAKS (FIFS)
INLU I [N] O |&HEHROIFFFANARDTH
[ALU I [N] [NLU] O | BERDEFEAARSE (FIFS)
TWKX I [N] [2] O 7 — REC3
ITER, ITERactual I | | REEZD LR, EEORERZRK
RESID R | | FTBEIYRE (1e-8IZEKTE)
pfemlarray I [100] T (ER)
pfemRarray R [100] BEH (ER)

70



FEM3D

GlobalZ %1%

% . pfem_util.h (3/3)

EH A =]l H4 X /0 N B
08th R | |=0.125
PNQ, PNE, PNT R | [212](8] o |&AvAMSAIBTE T T(=1-)
POS, WEI R | [2] O |&AYRESEDEE, EHRK
NCOLT, NCOL2 [ | [100] o |v—rRT—HES5
SHAPE R [2]1[2][2] [8] O |BAVREHSRIZEITSHKEEN, (i=1~-8)
PNX, PNY, PNZ R | [21[21[2] 8] O |&AVAESAIBTE 5T Thi=1-9
DETJ R | 2112112 O |&AYREHAIZEFEYIET LTHIR
COND, QVOL R || BMEEE, (AN Y RBREFRR

71



#8774 JLAR : 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) {
fpr{2¥{(stdout,”input file cannot be opened!¥n”);
exi ;

fscanf (fp, “%s”, fhame) ;
fscanf (fp. “%d” &ITER) - INPUT.DAT
fscanf (fp, “%If %If”, &COND, &QVOL);

fscanf (fp, “%If”, &RESID) ; cube.O0 fname

fclose (fp) ; 2000 ITER
pfemRarray[0]= RESID; 1.0 1.0 COND, QVOL
pfemlarray[0]= ITER; 1.0e-08 RESID



FEM3D

Aw 2 AN 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**) al |locate_matrix (sizeof (KREAL), N, 3) ;
for (i=0; i<N; i++) {
for (j=0; j<3; j++) {
XYZ[i]1[j]=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]);

73
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FEM3D

(NX=NY=NZ=4)

5—4

AR

0]

cube.O

.

~Zmax

/ Y
NX

®
Tt
VI
= >
N
%
=
I
OO OO OO OOOO OO OOO
OO O OO OOOO OO OOO
OO OO OOOOO OO OOO
OO OO OOOOOO OO OOO
OO OOOOOO OO OOO
OO OO OOOOOO OO OOO
IO QAN M<TLOO~00 QAN M<ITLO
N ANANANANAN
- T T—T

XYZ[1][3]
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allocate, deallocate (1/2)
allocate # FORTRANi A4 [ZfE 2155 - O DEE%K

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

void* allocate _vector (int size, int m)
void *a;
if ( ( a=(void * )malloc( m * size ) ) == NULL ) {
fpr{q?f(stdout,”Error:Memory does not enough! in vector ¥n”);
exi ;

return a;

void deal locate_vector (void *a)

free( a );

INDEX=(KINT* )allocate vector (sizeof (KINT), NGtot+1); INDEX[NGtot]
NAME =(CHAR80%) al locate vector (sizeof (CHAR8Q) K NGtot) ; NAME[NGtot]
WW= (KREAL**) allocate matrix(sizeof (KREAL),6 4 N) ; WW[4][N]
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allocate, deallocate (2/2)
allocate # FORTRANi A4 [ZfE 2155 - O DEE%K

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

yo{d_**aa;
int i1;
iT ( (aa=(void *x )malloc( m * sizeof (void%) ) ) == NULL ) {

fprlntf(stdout ‘Error :Memory does not enough! aa in matrix ¥n”);

exit(1);

f ( (aa[0]=(void * )malloc( m * n * size ) ) == NULL ) {
fprlntf(stdout ‘Error :Memory does not enough! in matrix ¥n”);

exit(1);

for (i=1;i<m;i++) aalil=(char*)aal[i-1]+size*n;
return aa,

void deal locate matrix(void **aa)

] free( aa );

INDEX=(KINT* )allocate vector (sizeof (KINT), NGtot+1); INDEX[NGtot]
NAME =(CHAR80%) al locate vector (sizeof (CHAR80) K NGtot) ; NAME[NGtot]
WW= (KREAL**) allocate matrix(sizeof (KREAL),6 4 N) ; WW[4][N]
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77

Avwia AN INPUT _GRID (2/3)

*k /

ELEMENT ICELNODIi][j] ®F & ELTIE
fscanf (fp, “%d”, &ICELTOT) ; [ ASIEFEAELEABZTEN

U e G 0 TOESMARTN LIS,
=V, ’ 0 ’ ~
o BEZRBEESXI0IME ST,
for (icel=0; ice | KICELTOT; icel++) {

fscanf (fp, “%d %d %d %d %d %d %d %d %d %d”, &ii, &IMAT,

&IGELNOD[icel] [0], &IGELNOD[icel] [1], &ICELNOD[icel] [2], &IGELNOD[icel] [3],
&ICELNOD[icel] [4], &ICELNOD[icel] [5], &ICELNOD[icel][6], &I CELNOD[icel][7]):

| S -}
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FEM3D

.

~Zmax

/ Y
NX

T=0@Z

A

cube.0 : EEXT—4 (1/2)

Y — p— — p— —

36
36
36
36
36
36

Y — p— — p— —

36
36
36
36
36
36

Y — p— — p— —

36
36
36
36
36
36

Y — p— — p— —

36
36
36
36
36
36

Y — p— — p— —

36
36
36
36
36
36

Y — — — p— —

36
36
36
36
36
36

Y — — p— p— — p—

36
36
36
36
36
36
36

Y — — p— p— — p—

36
36
36
36
36
36
36

Y — y— p— p— — p—

Y — y— p— p— — p—

36
36
36
36
36
36

361

JT, JNEIR, —X

~
7

%?9470:

NY
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cube.0 : EXT—42 (2/2)

.

:Zmax
/ Y
NX

T=0@Z

/[

32 37 36
46

32 33 38 3]

2] 28 33 32
42

28 29 34 33
29 30 35 34
34 35 40 39
36 37 42 41
3/ 38 43 42
38 39 44 43
39 40 2% 44

26 2] 32 31
33 34 39 38

31
41

—_————r—r——r—Q O

Yo p— — p— p— —

Ye— p— p— p— —

Y — — p— — — — — — p— — p— p—

—ANMILOOT~0SH O —AIM

Yo p— p— p—

Y p— — p— — — — — p—— — p—

Y p— — p— — — — — —— — p—

Y p— — p— — — — — p—— — p—

Y 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—

W
e

IGELNOD[icel] [8]

IMAT
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AvwTa AN 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+1];
fscanf (fp, “%s”, NODGRP_NAME [k]. name) ;

oant (9.
T 1=0) 1
| for (kk=iS;kk<iE; kk++) fscanf (fp, “%d”, &NODGRP_ITEM[kk]) ;
ot #AS L —T DR L1H
TR SIMFESBELEABSHNZD

FFEHJARFENTLVD,

80



FEM3D 81

cubeO: BT IL—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 17 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
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= RICEMEBIERE
#r3— Fheat3D

testl

ATAYS L

DIERk

input_cntl
HEHT—2 AN

input_grid
IyaTd7AILAT

mat_conl
THARITAETAER

mat_con0
THARITAETAER

mat_ass _main
ZREATHI A R
mat_ass_bc
BRE&EHNE

find_node
B RIER

solvell
BRIV A—EI#

mSORT
o

jacobi
YaET7UEHE

Cg

output_ucd
a[fR{L AN

CG#EtHE

82



FEM3D

GlobalZ#x*

pfem util.Lh (1/3)

EH % R H4 X /0 SIS
fhame C [80] I Ay aTrTAILE
N, NP 1 || EiES
[CELTOT I | | EE=H
NODGRPtot I | | BRI IIL—TH
XYZ R [N] [3] I B R EEAR
ICELNOD [ | [ICELTOT][8] | | ERaRITAET4
NODGRP_INDEX [ | [NODGRPtot+1] | | RERTL—TISEENBE AR (BE)
NODGRP_ITEM ! éﬁ?B?ffﬂ NDEKINODG | | g5 — Tz e e R
NODGRP_NAME €80 éﬁ?ﬁ?ﬂjﬂ NDEXINODG | | | g — 7
NLU I O | HEIRIEXARS K
NPLU 1 O | FERAMSHRY
D R [N] O | &5 . xmJovy
B, X R [N] O |HEARY bIL, RHMEARY kL

83
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GlobalZE# %

. pfem util.h (2/3)

EH 4 E BA4X /0 S
AMAT R | [N] O | 2175 : FFFEMARKS
indexLU I [N+1] O | &F175 : FEFIEAARDTE
itemLU I [NPLU] O | 2175 : FEFEMAKS (FIFS)
INLU I [N] O |&HEHROIFFFANARDTH
[ALU I [N] [NLU] O | BERDEFEAARSE (FIFS)
TWKX I [N][2] o | 7—7 HES|
ITER, ITERactual I | | REEZD LR, EEORERZR
RESID R | | HFTHEIYRE (1e-8IZERKTE)
pfemlarray I [100] REH (ER)
pfemRarray R [100] HEH (ER)

84
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GlobalZE# %

. pfem util.h (3/3)

EH4A = Ha4 X /O n =
08th R | |=0.125
PNQ, PNE, PNT R | [2][2][8] o |&AvAMSAIBTE T T(=1-)
POS, WEI R | [2] O |&HYREANADMEE EHHRH
NCOL1, NCOL2 [ | [100] O |v—rRI—HEF
SHAPE R [2]1[2]12] 18] O |BHAIVRESRIZETSMKEHK N, (i=1-8)
PNX, PNY, PNZ R | [21[21[2] 8] O |&AVAESAIBTE 5T Thi=1-9
DETJ R | [21[2][2] O |BHYRAEARICHTBYIET LFFIR
COND, QUOL R || RMEEE, ST Y RRERY
O(AOT)_I_O /]OT +0(A6TJ+Q(X,y,Z):O
ox\_ ox/) oy\ oy ) 0z\ 0z

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

85
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T YO RERMET

o —RITDNDE =1L, index itemIZRHE L 1-1H¥R %
HIZELSZEMNTET

— EE OIERARTDEL2

—- BENBRIIHLT: +1&-1

« ZRITDIZFEITE - ELEH
—- EEOERABRI,DEIEL7~26 (FREDRIK)
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— LT, EEOEXMBRSBITHMN LAY
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T YO RERMET

o —RITDEZTIL, index itemlZEEE L =1EHZE
HIZTEAZ EMNTET

— EE OIERARTDEL2

- BENBERIZTHL T +1&-1

¢« ZREDIZFEIFTHL>EEH
- EEOERARTDEIL7T~26 FREDIIK)
- ERIFEL - LEH
— BT, EEOERARSEITHM DAL
e INLU[N], IALU[N][NLU] #{E->TIEEOIEXMARR
NEEFEHIZHIET S
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/%

*k /

program heat3D

#include <stdio. h>

#include <stdlib.h>

FILEx fp_log;

#tdefine GLOBAL_VALUE_DEFINE
#include “pfem_util.h”
//#include “solver11.h”

extern
extern
extern
extern
extern
extern
extern
extern

void INPUT_CNTL () ;
void INPUT_GRID() ;
void MAT_GONO () ;
void MAT_CON1() ;
void MAT_ASS_MAINQ) ;
void MAT_ASS_BCQ) ;
void SOLVE11();

void OUTPUT_UCD () ;

int main()

INPUT_CNTL () ;
INPUT_GRID () ;

MAT_CONO () ;
MAT_CON1 () ;

MAT_ASS_MAIN() ;

MAT_ASS_BC ()

SOLVE11 () ;
OUTPUT_UCD ()

E{RLE

)

I~

|0o

@

l©

|

=
\o

(&)

)\
=/

(o)

R
Y/

=

IN

[€V)

&)

MAT_CONO: INU, IALU4 R
MAT_CON1: index, iterE B

©)

EYHAT INLIRFAERESZELRE

88



FEM3D

MAT CONO : &Kk

do icel= 1, ICELTOT (-1+1+2) ()
8% SARE DR .
INLU, TALUZ 4Rk
(FIND_NODE) (-1-1+1) (+1-1+1)
enddo
(+1+1-1)
~ (6.1.¢)=(-1-1-1) (+1-1-1)
13—4—159—9
7 8 )
N AN G4
O—W—=01)—1
4 5 6

@
®
O
©,

=
IN
[¢8)

Z
)
®
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 FEaRI T4 ET 4 ERL
MAT CONO (1/4)

/%%
*x MAT_CONO
%k /
ﬁinciuge §s$dio.2}| ” NLU :
include “pfem_util. R
#include “allocate.h %Eﬁ,'ﬁ(»}b('j'%)
?xtern EILE Tf]e_lo%g y 3IE'|ZD3|E§‘-.|'% J'—'ijJ\
s+ external functions g
?xterntvgid rFSORI(int*, iyt*, int) DI KK
s static functuons skx + bbb g
static void FIND_TS_NODE (int, int); (FE#td DET R &)
void MAT_CONO () o o
{ int i jk icel, in; SOEEDIZE
int int, in2, in3, in4, ind, in6, in, in8; ;{f);b\g"(‘[,\%)@"@
o COE3TED
NLU= 26; = E
INLU= (KINT* )al locate_vector (sizeof (KINT),N) ; .
[ALU= (KINT#%) al | ocate_matr ix (sizeof (KINT) N, NLU) ; FHDIZENDEE:
for (i=0;i<N; i++) INLU[i]=0; =L KR—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>
#include “pfem_util.h”
#include “allocate.h

extern FILE *fp_log;
/*xx external functions *xx/

extern void mSORT (int*, intx, int);

/#kx static functuons xxx/

static void FIND_TS_NODE (int, int);

%oid MAT_CONO ()

int i, j,k, icel, in;

int in1,in2, in3, in4, in5, in6, in7, in8;

int NN;
NLU= 26;

EHA YA X S
Irlt-a % - o

INLU IN] ;ﬁ:gmw#ﬂéﬁdﬁﬁk
[ALU ] ([nLyg | B EEROEREIER AR

7 (BIES)

INLU=(KINT* )al locate_vector (sizeof (KINT),N) ;
IALU=(KINT**) 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++) IALULi]1[j]=0;




FEM3D 92

T AR T4 ET 15 R
MAT CONO (2/4) : 1D BLIRESES

for ( icel=0; icel< IGELTOT; icel+) {
ini=ICELNOD[ i ce ] [0]
in2=ICELNOD [ ce ] [1]
in3=ICELNOD[ i ce ] [2]
ind=ICELNOD[ i ce ] [3]
ino=IGELNOD  col] (4] (-1-1+1) (+1-1+1)
6
7

(-1,+1+1) (+1,+1+12)

in6=ICELNOD[ice|] [5]
in7=ICELNOD[ice|][6]
in8=ICELNOD[icel][7];

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

TSNODE (Il 1ngy (€.7.0)=(-1-1-1) (+1-1-1)

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

TS_NODE (in2, inl1):
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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EimiE®E : FIND TS NODE
INLU,IAUSESE | — RSt TIEZ DEH L F 5

/%%

s*xx FIND TS NODE

*k /

Ttatic 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=INLU[ip1-1]+1;
IALULip1-1] [icou-1]=ip2;

INLULip1-1]=icou; L& YA R P
return,
s s T e % ;
SERDIEFTIERAR
IALU [N] { [NLU] N (FED)
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Eim$ERE : FIND TS NODE
—RIEETIEZ DB IEF B, BEFRH2

/%%

%k FIND_ TS NODE
*k /
ip2HNALU[ip1-1][KK]IZ&
s{tatic void FIND_TS_NODE (int ipl, int ip2) FNTLNBENFTYY

int kk, icou;

for (kk=1;kk<=INLU[ip1-1] ;kk++) {

] if(ip2 == IALU[ip1-1] [kk-1]) return; 3 o @E? T
icou=INLU[ip1-1]+1; 4 :I: 3 S
NG icon ©O—a9—@—@
return;

Ip1: No.6 node

Ip2: No.7 node
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Eim$ERE : FIND TS NODE
—RIEETIEZ DB IEF B, BEFRH2

/%%

s*xx FIND TS NODE

*k /

s{tatlc void FIND TS _NODE (int ipl, int ip2) IALU 22 £ TUVE LY
int kk, icou; BEIE, INLUIZ1ZMIA T
for (Kk=1 K< IMLULpT-1] K { IALU (<A

i f(ip2 == TALU[ip1-1] [kk=1]) return;

} i i 13—19——Q159—16
icou?INLU[j?1—1]+1j 4 :I: 8 9
IALULip1-1] [icou-1]=ip2;
INLUCipi-11=icou: O—W—wW—

return,

Ip1: No.6 node

Ip2: No.7 node

95
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Eim$ERE : FIND TS NODE
—RIETIEZDERIEFE), EFRHAS

/*kkx

*xx FIND TS NODE

*k /

s{tatic void FIND_TS_NODE (int ipl, int ip2) BE[CIALU 1SS Eh TS
int kk, icou; HRIX, ROXRFTA

for (kk=1;kk<=INLU[ip1-1]; kk++) {
if(ip2 == IALU[ip1-1] [kk-1]) return;

icou=INLU[ip1-1]+1;
IALULip1-1] [icou-1]=ip2;
INLULip1-1]=icou;

return,

Ip1: No.6 node

Ip2: No.7 node
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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+2+1)

(-1-1+1)

(€.7.0)=(-1-1-1)

97
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THNARD T4 ET 4 ER
MAT CONO (4/4)

TS_NODE (in8, inl)

TS

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

NN=INLU[in] ;
for (k=0;k<NN;k++) {

.
’

TS_NODE (in8, in2) ;
TS_NODE (in8, in3) ;
NODE (in8, in4) :
TS_NODE (in8, ind) ;
TS_NODE (in8, in6) ;
TS_NODE (in8, in/) ;

NCOL1[k]=TALU[in] [Kk];

mSORT (NCOL1, NCOL2, NN) ;
for (k=NN;k>0; k—) {

KBERIZHELT,

IALU[i][K] AVNESWEE NS
REVWEEICHESKSIZY—F
(Bffirs/ T )LY—R)

BV VVI00REEDELDEY—FT 5

IALULin] [NN-k]= NCOL1[NCOL2[k-1]-1];

98
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CRSEEAANDZEH: : MAT_CONL1

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

int ik, 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++) { C

indexLU[i+1]=indexLU[i]+INLU[i]; |

indexX{i +1] = > INLU[K]
k=0

NPLU=indexLU[N] ; _
i temLU=(KINT*) al locate_vector (sizeof (KINT), NPLU) ; indeX0] =0

for (i=0; i<N; i++) |
fo&ékEO;kéthH%i%:k++){
=K+1hdex ],
itemLU[kk]=IALU[i][k]-1; FORTRAN

] . NN
deal locate_vector (INLU) ; Index(i) ; INLU (k)

deal locate_vector (IALU) ; _
} index(0)=0

99
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CRSEEAANDZEH: : MAT_CONL1

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

int ik, 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++) {
indexLU[i+1]=indexLU[i]+INLU[i];

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

for (i=0: [<N; i ++) | NPLU=index|N]
fomkio;kémtﬂ%@% k) | itemD YA X
=K+ , 7
temLUTkk1=IALULi 1 [k]-1 JEt D3RS A R KRS

}
deal locate _vector (INLU) ;
deal locate _vector (IALU) ;
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CRSEEAANDZEH: : MAT_CONL1

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

int ik, 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++) {
indexLU[i+1]=indexLU[i]+INLU[i];

NPLU=indexLU[N] ;

i temLU=(KINT*) al locate_vector (sizeof (KINT), NPLU) ;

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

fo&ék;O;kéthH%j% k) [ itemi=MOI A SIEES
=K+ , o =
temL UTKK]=IALUT i1 [KI~1; RBESZEERE

}
deal locate _vector (INLU) ;
deal locate _vector (IALU) ;
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CRSEEAANDZEHE : MAT_CONL1

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

int ik, 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++) {
indexLU[i+1]=indexLU[i]+INLU[i];

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

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

}
deal locate_vector (INLU) ; —_ g~ -
deal locate_vector (IALU) ; NB[FBIEPTE
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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_BCO

SOLVE11 ()

OUTPUT_UCD ()

A0

1H
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MAT ASS MAIN : &4k

do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
HORE SR (8E) (2HI1T5HIKEHE,
BEUZD TBAREER] ITH TP DEH
enddo
enddo
enddo

do icel= 1, ICELTOT
BEIMDEZEMN D, AIABARIZEITSH, BHRERO 2EERR] ITHT5M7,
BXUvYaE7 U EHEH (JACBI)

do ie= 1, 8
do je=1, 8
LARERES : ip, Jp
Ay pRitemlUIZE1FEH57 KL R - kk

do kpn=1, 2 i
do jpn=1, 2
do ipn=1, 2
EFRBEP>ERTIBSEHE, AR TI~DELIH
enddo
enddo
enddo
enddo
enddo
enddo

O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0O
O|0|0|0|0|0|0|0O
O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|10|@|O|0O &
O|0|0|0|0|0|0|0O
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%#4T5] : 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 MAIN(Q)

int i,Kk,kk;

int ip, jp, kp;

int ipn, jpn, kpn;

int icel;

int ie, je;

int iiS,iiE;

int inl, 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 Z1,72,173,174,75,176,71,178;
double PNXi, PNYi, PNZi, PNXj, PNYj, PNZj;
double GCONDO, QVO, QVC, COEFij;

double coef;

KINT nodLOCAL[8];

AMAT= (KREAL#*) allocate_vector (sizeof (KREAL), NPLU) ; FZETH GEFEXNARS)
B =(KREAL*) allocate_vector (sizeof (KREAL),N ); AR ML

D =(KREAL*) allocate_vector (sizeof (KREAL),N) ; R ML

X =(KREAL*) allocate_vector (sizeof (KREAL),N) ; ZE¥1TH HARKS)

for (i=0; i<NPLU; i++) AMAT[i]=0.0;
i=0;i<N ;i++) B[i]=0.0;
i=0;i<N ;i++) D[i]=0.0;
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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106

%E4175) : 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 1e, je,

int iiS, iiE;

int in1,in2, in3, in4, in5, in6, in7, in8;
double SHi;

double QP1, QMT1, EP1, EM1, TP1, TM1;
double X1, X2, X3, X4, X5, X6, X7, X8;
double Y1,Y2,Y3,Y4, Y5, Y6,Y7,YS;
double Z1,72,73,174,175,176,71,18;
double PNXi, PNYi, PNZi, PNXj, PNYj, PNZj;
double CONDO, QVO, QVG, 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[0]= 1.0000000000€0; BTN =
Sl omemane,  FOS: HARIE
= -0. e0; _ ”
PoS[11= 0 57735026020 WEI: EAHREL

(=3.1) (L. 1)

(=1, —1) =D

BOS+ a BEAHEHW
0.57735 02692 1.00000 00000
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Z#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++) {

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™1=1

.e0 - POS[kp];

SHAPE[ip] [jp] [kp][0]= 08th * QM1 * EMI % TM1:
SHAPE [ip] [jp] [kp] [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{ * TPi:
SHAPE[ip] [Jp] [kp][7]= 08th * QM1 * EP1  TPi:

Soomen—=o
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Z#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++) {

= o0 ERI QPLi)=(1+¢&), QMii)=(1-¢)

= 1].e0 + ipl; . g
e EP())=(Leg, ) EM())= (=)
Thi= 1. 60 - PuSTio] TPik)=(1+7,) T™M1(K)=(1-7,)

SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]

1= 08th = QM1 * EM1 * TM1;
1= 08th = QP1 * EM1 * TM1;
1= 08th = QP1 * EP1 * TM1;
1= 08th = QM1 * EP1 * TM1;
1= 08th = QM1 * EM1 * TP1;
1= 08th = QP1 * EM1 * TP1;
1= 08th * QP1 * EP1 * TP1;
1= 08th = QM1 * EP1 * TP1;

SN
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%E475) : 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++) {

gi- 10 o
=1.e0 - ipl; _
EP1= 1 60 + POS[jp]. (~1+1+1)
Iz 120 - Pt
=1.e0 + pl;
TMi= 1,60 - POS[kp] (-1-1+1)

SHAPE [ip] [ip] [kp]
SHAPE[ip] [jp] [kp]
SHAPE [ip] [ip] [kp]
SHAPE [ip] [ip] [kp]
SHAPE[ip] [jp] [kp]
SHAPE [ip] [ip] [kp]
SHAPE [ip] [ip] [kp]
SHAPE[ip] [jp] [kp]

1= 08th = QM1 * EM1 * TM1;
1= 08th * QP1 * EM1 * TM1;
1= 08th * QP1 * EP1 * TM1;
1= 08th * QM1 * EP1 * TM1;
1= 08th * QM1 * EM1 * TP1;
1= 08th * QP1 * EM1 * TP1;

1= 08th * QP1 * EP1 * TP1: e L
1= 08th * QN1 = EPT % TP1: (¢7.¢)=(-1-1-1) (+1-1-1)

i I-hl e ICDI
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%E475) : MAT ASS MAIN (2/6)

/%K
INIT.
PNQ - 1st-order derivati f sh function by QSI
PNE - Ist-order derivative of shape function by ETA N,(¢,n7.{) = (1 &i-n)a-7)
/PNT - 1st-order derivative of shape function by ZET
kksk
for (ip=0; ip<2; ip++) { N (fl] ()= (l+f)(1 l7)(l Z)

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

Q= 1.0 + POSinl. N,(&,7,0) == (1+£)(1+/7)(1 7)
EP1= 1.e0 + POS[jp];
EM1= } e0 - POS[jp];

1.

TP1= 1.€0 + POS[kp]: —
Hiiz 1750~ postied N,(.n7,{)= (1 &)a+n)1-7)
SHAPE[ip] [jp] [kp] [0]= 08th * QM1 * EM1 * TM1;
DRI 1
| = ) — — —
SHAPE [ |B: jB :kBZ [3]= 08th * QM1 * EP1 * TMI; N5(<.77,€) ——(1 5)(1 ’7)(1+Z)
SHAPE[ip] Lip] [kn] [4]= 08th * QM1 * EM1 * TPI;
SHAPE 1] E1od [ib] (81 08¢h = Qp1 » EPT x 171!
1Pl LJP] LKP] LO]= )
SHAPE [ p] [1o] Ckn] [71= 08th % QM1 * EP1 % TP1: Ng(&.7,{) = (1"'5)(1 n)i+¢)

N, (&,7,) = (1+ &)a+n)a+<)

Ng(&,17,{) = g(l—f)(1+/7)(1+i)
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1%%31175']

PNQ[jp] [kp
PNQLip] |
PNQLip] |
PNQLip] |
PNQLip] |
PNQLip] |
PNQLip] |
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] []
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]

SNSRTEEONSO NRCIEWN—O F%kﬁkﬁ?%ké%i%%

SogiEeN =S

- 08th * EMT
+ 08th * EM1
+ 08th * EPT
- 08th * EPT
- 08th * EM1
+ 08th * EMT
+ 08th * EPT
- 08th * EPT

- 08th * QM1
- 08th * QPT
+ 08th * QPT
+ 08th * QM1
- 08th * QM1
- 08th * QPT
+ 08th * QPT
+ 08th * QM1

- 08th * QM1
- 08th * QPT
- 08th * QPT
- 08th * QM1
+ 08th * QM1
+ 08th * QPT
+ 08th * QPT
+ 08th * QM1

111

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=,{ =)

PNE(i, k) :0—,7'(5:5,/7:/7,-,Z=Zk)

PNT(, j) :%—'\ZI'(£=5J7=/7,-,Z =4\)

. __1
C((E.,U,,Zk) 8(1 f7,)1 )
.60 =gl Ni-c)
i Zk +%@+0J1 Zk

. 1
a—g(f.,n,,zk) -2l Ja-¢,)

(&:7,4,) 1=811 BTRBEH D — B 5
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{3 3%‘51175']

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=ICELNOD
in2=]CELNOD
in3=I1CELNOD
in4=1CELNOD
in5=ICELNOD
in6=ICELNOD
in7=1CELNOD
in8=ICELNOD

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

SNOTECNAS Nooih N o HﬁﬁﬁﬁNH

SNSTE N~

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

MAT_ASS MAIN (3/6)

* TM1;

* THI:
* TM1;
* TM1;
* TP1;
* TP1;
* TP1;
* TP1;

* TM1;
* TM1;
* TM1;
* TM1;
* TP1;
* TP1;
* TP1;
* TP1;

* EM1;
* EM1;
* EP1;
* EP1;
* EM1;
* EM1;
* EP1;
* EP1;

(~1+2+1)

(-1-1+1)

(6.7.¢)=(-1-1-)
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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-

N )

inl;

in2;
in3;
ind;
in5;
inb6;
in/;
in8;

_1=

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

-1101];
1101];
1101];
1101];
1101];
1101];
1101];
110115

EEEEEEES

T T T T T T —r
RS W G W G G G —y
L L L L L L L

MAT ASS MAIN (4/6)

HAOHAEE (-1:+1+1) (+1:41+1)
(-1-1+1) (+1-1+1)

(+1+1 Q
(61,¢)=(-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-
L1=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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%2175 -

nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [

i (T P o

inl;

!n2:
ind;
ind;
ing;
in6;
inl;
ing;

X1=XYZ[in1-11[
X2=XYZ[in2-1]
X3=XYZ[in3-1]
X4=XYZ [ind~1]
X5=XYZ [inb-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 [inb-1]
Y6=XYZ[in6-1]
Y7=XYZ[in7-11[11:
Y8=XYZ[in8-11[11:

EEEEEEEE

T
— ek —d ek —h ) —)
T | TR | NN | MR | M | M |

MAT ASS MAIN (4/6)

(-1+1+1) (+1,+1+1)
(-1-1+1) (+1-1-+1)
(+1+1 Q
B DX EEAE
(f,”’g)z(_l—l.—l) ("'l‘l-l)

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

Z1=XYZ[in1-11[
Z2=XYZ[in2-1]
Z3=XYZ[in3-1]
Z4=XYZ[ind-1]
Z5=XYZ[in5-1]
Z6=XYZ[in6-1]
Z1=XYZ[in7-11]
Z8=XYZ[in8-11[

SIS ISISISISISIS

SEI M D ZEEHE

JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ,
X1, X2, X3, X4, X5, X6, X/, X8,

Y1, Y2, Y3, Y4, Y5, Y6, Y1, Y8, Z1, 72, 73, [4, 15, 16, 7],

4

Z8) ;

REAE{E
,.\\%?h\bng
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nodLOCAL [0
nodLOCAL [1]
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [ in/;
nodLOCAL [ ing;

X1=XYZ[in1-11[
X2=XYZ[in2-1]
X3=XYZ[in3-1]
X4=XYZ [ind~1]
X5=XYZ [inb-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 [inb-1]
Y6=XYZ[in6-1]
Y7=XYZ[in7-11[11:
Y8=XYZ[in8-11[11:

inl;

|n2:
in3;
in4;
ind;
inb;

Sooiswn —o

EEEEEEEE

T
— ek —d ek —h ) —)
T | TR | NN | MR | M | M |

MAT

ASS MAIN (4/6)

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

(-1-1+1)

(€n,¢)=(-2-1-1)

PEFZE(E
' ,.\\%Hh\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]
Z1=XYZ[in7-1]
Z8=XYZ[in8-1]

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,

SISISISISISISIS

12, 7o,

6T)+ a[AaT] O(AG_T)JrQ(X y,2)=0

0 (}4
ox\_ ox) oy\ ady) o0z\ o0z
Q% y,2) = QVOL|x: + yc|

FEEIL-YRRER>ME (A v aDHID

@fﬁ&%)lmﬁ

T, v,
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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 [inb-1]
Y6=XYZ[in6-1]
Y7=XYZ[inT-1]
Y8=XYZ[in8~1]

inl;

|n2:
in3;
in4;
ind;
inb;

Sooiswn —o

CEEEEEES

| e | e | s | sy | s | s | e | ey |
RS W G W G G G —y
[N | WY | NN | WU | NN | SN | WO | M |

MAT ASS MAIN (4/6)

(-1,+1+1) (+1,+1+1)
(-1-1+1) (+1-1+1)
(+1+1 ﬂ
(¢.m.¢)=(-1-1-1) (+1-1-1)

PEFZE(E
' ,.\\%Hb\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[ in5-1]
Z6=XYZ[in6-1]
Z1=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 oT 0( ,0T
A A A—

ax( 0x)+0y£ ay] az( 62)+Q0(% A=t
QX ¥,2)=QVOL|x. + |
(?\/(:::‘)Q:'+ yEJ

22, 73, 74, 15, 16, 71, 18);
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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-

Sooiswn —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

CEEEEEES

T T T T T e
RS W G W G G G —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-

-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, Z4, 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 Y1, 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, J

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(gp =0, kp<2; kp++){

NX[ip] []

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

HﬁMHMNHh

A7

ti 73

0N, ON, N, | S
o ae [ bewa)i=1-9)
(ON, 0N, oN, defd

| Ox dy 0z |

118
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BAEERIZE T SRHS (1/4)

e EHAPDAKXLIYLUTDLDIZHES
0N, (¢,7,{) _ 0N, 9x _ ON; dy 0N, 0z

119

0¢ ox 0& 0y 9& 0z 9¢
oN.(¢,17,{) _ ON. 0x N ON. oy N ON, 0z
on ox dn o0y on 0z on
oN.(¢,n7,{) _ ON. 0x N ON. oy N ON. 0z
0 ox 0 o0y 0 0z o
ON. ON. ON e .
I, I, [ =/ 3 L ¢'-El|-“ :s ~ N
{ag on GZ} IEZLYBEITKOHNHH
N, N N, | epe st @ e T 2
oX o0y 0z
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BHARERRIZE T HRMS (2/4)

¢ YUYV ARTT D E
ON;| | ox dy 0z |(oN,

0E| |08 08 A& || ax
oON. ox o0y 0z c?Ni>:[J]<

on| |an an anl| oy
oN. ox o0y 0z ||oN

¢ |07 8¢ o¢ |l oz

(-

11 ‘]12 13
[J] = ‘]21 J22 J23

31 J32 J33_

[J]: YaEDTRJIR

(Jacobi matrix
Jacobian)
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BHARERRIZE T HRMS (3/4)

-N@ &Uﬁﬁl?mbhé
ay_ oON
hu af 05( ] < 05 SR 05(2 y'] Zlﬁy'

‘]13 65 af(ZNIZIj — 65

1L I R 7 DU

%06 “3el 2 faNz R A
8

=5t e AL
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/%%

%k /

DETERMINANT

JACOBI (2/4)

PNY[ip] [jp] [
PNYzipzzJ'p::kp=
PNY[ip] [ip] [kp]
PNY[ip] [ip] [kp]
PNY[ip] [ip] [kp]
PNY[ip] [ip] [kp]
PNY[ip] [ip] [kp]
PNY[ip] [Jjp] [kp]

PNZ[ip] [ip] [kp]
PNZ[ip] [ip] [kp]
PNZ[ip] [ip] [kp]
PNZ[ip] [ip] [kp]
PNZ[ip] [ip] [kp]
PNZ[ip] [ip] [kp]
PNZ[ip] [ip] [kp]
PNZ[ip] [jp] [kp]

of the JACOBIAN

dXd@ = PNQ[jip] [kp] [

+ PNQ[jp] [
[jp] [
Q[jp][
| [0]

+ PNQ
+ PN

dYdQ = PNQ[jp] [kp] [0]*

+ PNQ[jp] [
LIPJL
QLjpl [
| [0]

+ PNQ
+ PN

dZdQ = PNQ[jp] [kp] [0]*

+ PNQ[jp] [
:'!p= r
Qljp] [
[0]

+ PNQ
+ PN

dXdE = PNE[ip] [kp]
+ P

NE[ip] [
+ PNE[ip] [

+ PNE[ip][

e e Hﬁﬁﬁﬁﬁ%o

| [0]

*X1

T+

+ PNQ[jp] [kp]

[2]%X3 + PNQ

*Y3 + PNQ

DN Eﬁ}%ho

_+ PNE[ip] [kp]
1[2]%X3 + PNE]
1[4]%X5 + PNE[ip] [

1061=X7 + PNE[ip] [

[ [1]*
LJP] L
*X5 + PNQ[jp] [
*X7 + PNQ[ ]

PNQ[jp] [kp.

[jp] [
[ [1]*
E =-!p= =
[4]%Y5 + PNQLjp] [
] *Y/] + PNQ[ j
“+ PNQ[jp] [kp]
1[2]%Z3"+ PNQ
1[4]%Z5 + PNQ[jp] [
1[6]*Z27 + PNO_%?=_
[ip] [

[jp] [
| [1]*
:'!p= —
[jp] [

Ol Ol Ol Ui

1%X4
1xX6
1%X8;

1xY4
1%Y6
1%Y8;

1%Z4
1*Z6
1%Z8;

1%X4
1%X6
1%X8;

[
(@

‘]11 12 13

21 ‘JZZ ‘J23

dxdQ="x =1,
9
dYdQ= a_? =J,,

dzdQ=22=1,,
Qc‘

31 ‘J32 ‘J33_

122
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/%

%k /

INVERSE JACOBIAN

JACOBI (3/4)

dYdE = PNE[lp][kp 0]*Y1 + PNE[ip] [kp] [1]*Y2
PNET ip] [kp] [2]*Y3 + PNE[ip] [kp] [
¥ PNEzlpzzkp==4=*Y5 + PNE[ |p [kp]
+ PNE[ip] [kp] [61%Y7 + PNE[ip] [kp]
dZdE = PNE[ID][kp=[0=f21 + PNE[lp][kp_[1 1%72.
PNELip] [kp] [2]*Z3 + PNE[ip] [kp]
¥ PNEzlpzzkp==4=*Z5 + PNE[ip] [kp]
+ PNE[ip] [kp] [6]*Z7 + PNE[ip] [kp]
dXdT = PNT[ID][JD=[0=%X1_ﬁ PNT[lp][Jp.[1 1%X2.
PNTLip] [jp] [2]*X3 + PNT[ip] [jp]
i PNT='D==JD==4=*X5 + PNTip] [jp]
+ PNT[ip] [jp] [6]*X7 + PNT_ jp]
dYdT = PNT[ID][JD=[0=*Y1_ﬁ PNT[lp][Jp.[1 *Y2_
PNTLip] [jp] [2]*Y3 + PNILip] [jp]
+ PNT=|p= [ip] [4]*Y5 + PNT[ip] [jp]
+ PNT[ip] [jp] [6]*Y7 + PNT_ jp]
dzdT = PNT[lp][Jpz[Oz*Z1_ﬁ PNT[lp][Jp.[1 %22
PNTLip] [jp][2]%Z3 + PNILip] [jp]
+ PNTzlp_ [jp] [4]%25 + PNT[ |p i
6]*%Z7 + PNT[i

LIP |

DETJ[ID][JD][kp]‘ dXdQ*(deE*dZdT dZdE*deT)
dYdQ= (dZdE*dXdT-dXdE*dZdT)
dZdQx (dXdE*dYdT-dYdE*dXdT) ;

coef=1.0 / DETJ[ip] Ljp] [kp];

all=
al2=
al3=

a2l=
a22=
a23=

adl=
ad2=
al33=

coef *
coef *
coef *

(
(
coef * (
coef * (
coef * (
coef * (
(

coef *
coef *

( dYdExdZdT - dZdExdYdT
dZdQ*dYdT - dYdQ*dZdT
dYdQ+dZdE - dZdQ*dYdE

)
)
)
dZdExdXdT - dXdExdZdT ) ;
dXdQ*dZdT - dZdQ*dXdT ) ;
dZdQ*dXdE - dXdQ*dZdE ) ;
)
)
)

dXdExdYdT — dYdExdXdT
dYdQ*dXdT - dXdQxdYdT
( dXdQxdYdE - dYdQ*dXdE

DETJ[ip] [jp] [kpl=fabs DETJ[ip] Ljp] [kp]) ;

Ul oI ol ~oTe LJhﬁho

1xY4
1xY6
1%Y8;

1xZ4
1%Z6
1%Z8;

1%X4
1*X6
1%X8;

1%Y4
1xY6
1%Y8;

1xZ4
1%Z6
1%Z8;

9]

o G O

11

21

31

(-

([

12

22

32

123

(-

13

(-
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BHARERRIZE T HRMS (4/4)

* KOTTRDEIIREMAEZHETED
- ¥aAET7 2 Bx3175) DFETIHZERD S
(oN,) [ox ay o9z [oN (0N,

x| |08 o9& a&| |af Fi3
N[ _|ox dy 0z | JoN [ _pafoN,
oy on on on| |on 0n
oN. ox dy 0z | |ON oN,

l0z) |o¢ a7 o¢| |o¢ 07
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/%

%k /

INVERSE JACOBIAN

JACOBI (3/4)

dYdE = PNE[lp][kp

PNELip] [kp]
LIPS L

ip]
[0]

+ PNE
+ PNE[i

dZdE = PNE[lp][kpZ k
PNE[ip] [
LID] L

ip]
[0]
PNT[ip] [

+ PNE
+ PNE[i

dXdT = PNT[lp][Jpj

+ PNT
+ PNT[i

dYdT = PNT[lp][Jpj

+ PNT
+ PNT[i

dzdT = PNT[lp][Jpj

+ PNT

:lp: :

[oj
PNT [ip]
=Ip=

[oj
PNT [ip]
=Ip_

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

*Y1:
LJP.
Jp=

*Z1:
LJP.
Jp=

1+ 1 1+ 1 1+ 1

1+

c»;S%o DOEN_ ORAN_ 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[ipl[jp]

lp ;

U

[ip] [
Ip [

U

[ip] [
Ip .

*Y2:
LJP.
Jp=

*zzj
LJP.
Jp=

U
[ip]
lp

U
[ip]
lp

[3]*Y4
1xY6
1%Y8;

1xZ4
1%Z6
1%Z8;

1%X4
1*X6
1%X8;

1%Y4
1xY6
1%Y8;

1xZ4
1%Z6
*/8;

;Jhﬁhd ol doiw  —oTw LJhﬁho

DETJ[lp][Jp][kp]— dXdQ*(deE*dZdT dZdE*deT)'+

coef=1.0 / DETJ[ip] Lip] [kp];

all= coef *
al2= coef *
al3= coef *

a21= coef *
a23= coef *
a31= coef *

a32= coef *
a33= coef *

( dYdExdZdT - dZdExdYdT
dZdQ*dYdT — dYdQ*dZdT
dYdQ*xdZdE - dZdQ*dYdE

(

(

( dZdExdXdT - dXdE*dZdT
a22= coef * ( dXdO*dZdT - dZdQ*dXdT

( dZdQ*dXdE - dXdQ@*dZdE

(

(

dXdExdYdT - dYdExdXdT
dYdQ*dXdT — dXdQ*dYdT
( dXdQ@*dYdE - dYdQ@*+dXdE ) ;

N N N N N

DETJ[ip] [ip] [kp]=fabs (DETJ[ip] [ip] [kpl) ;

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

3] =

A,
!
A

A,
)
A,

A3
3

a3 |
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/%

%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 &

Lip] []
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
Lip] [}
[ip][

NOTTRWN = OJDTTARWN = O ~JD T LN — O

JACOBI

dNi/dZ components

1=al1+PNQ[]
J=al1+PNQ[]
J=al1+PNQ[]
J=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_'

=
©
e e e e Lo e e et i e

1+a12xPNE

J+al2+PNE[ip] [

J+al2+PNE[ip] [
J+al2+PNE[ip] [
J+al2+PNE[ip] [
J+al2+PNE[ip] [
J+al2+PNE[ip] [
J+al 2+PNE [ ip] [
1+a22+PNE [ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [

1+a32xPNE[ip] [

0X

[ip] [

(4/4)

LD TTRWN = OJDTTRWN = O TR LWN — S

1+al3xPNT

1+al3*PNT [ip] [

J+al3+PNT[ip] [
J+al3+PNT[ip] [
J+al3+PNT[ip] [
J+al3+PNT [ip] [
J+al3+PNT[ip] [
J+ai3+PNT [ip] [
1+a23+PNT [ip] [
J+a23+PNT [ip] [
1+a23+PNT [ip] [
J+a23+PNT [ip] [
1+a23+PNT [ip] [
1+a23+PNT [ip] []
1+a23+PNT [ip] [
1+a23+PNT [ip] [
1+a33+PNT [ip] [
1+a33+PNT [ip] [
1+a33+PNT [ip] []
1+a33+PNT [ip] [
1+a33+PNT [ip] [
1+a33+PNT [ip] [
+a33+PNT[ip] [

1+a33*PNT [ip] [

__1(

0z

[ip] [

0¢
0z

n
0z

a7 | | a¢ |

—
O
e e T P L S e P P e A o P

&,
Co

| 85,

A3
A3

Ay |
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%#475 : MAT ASS MAIN (5/6)

CONSTRUCT the GLOBAL MATRIX
%k /

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

for (je=0; je<8; je++) {
jp=nodLOCAL[je]l;

kk=-1; .
if( jp 1= ip){
iiS=indexLU[ip-1];
i iE=indexLULip 1;
for ( k=iiS;k<iiE;k++) {
if( itemLU[k] == jp-1){
kk=k ;
break;

(-1+1+1)

(-1-1+1)

AT DIEXN AR
Aip,Jp

kk:itemlZEHIFTHT7RKL R

Ip= NnodLOCAL]Ji€]
jp= nodLOCAL]Jje]

INGIRFERETRES



Z2RN M) X 8%x81T5

010_ (W_|/
1 T
% To—
K AN K AN N K AN
O|O|O0|0]|O|0|0|0O
O|lO@O|O|0|0|0O
O|lO|O0|0]|O|0|0|0O
O|O|O0|0]|O|0|0|0O
O|lO|O|0]|O|0|0|0O
O|O|O|0]|O|0|0|0O
O|lO|O0|0]|O|0|0|0O
O|lO|O0|0]|O|0|0|0O

(+1-1-1)

(6.7.¢)=(-1-1-1)
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%#475 : MAT ASS MAIN (5/6)

CONSTRUCT the GLOBAL MATRIX
%k /

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

for (je=0; je<8; je++) {
jp=nodLOCAL[jel;

k=1,
if( jp !=ip){
iiS=indexLU[ip-11;
iiE=indexLULip 1;
for ( k=iiS;k<iiE;k++) {
if( itemLULk] == jp-1 ) {

break;

(~1+1+1)

(-1-1+1)

BRIMIR (I~
24T IR ~j,) DEER

kk:itemLUIZETH 7KL R



THRB4TE] - 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[ipn] [jpn] [kpn])*WEI [ipn]*WEI [ jpn]*WEI [kpn] ;

PNXi= PNX[ipn] [jpn] [kpn][ie]:
PNYi= PNY[ipn] [jpon] [kon] [ie]:
PNZi= PNZ[ipn] [jpn] Ckenl[iel;

PNXj= PNX[ipn] [ipn] [kpn] [je]:
PNY j= PNYLipn] [jpn] [kpn] [je];
PNZj= PNZLipn] Ljpn] [kpn] [jel;

COEF i j+= coef*CONDOx (PNXi*PNX j+PNY i #PNY j+PNZi*PNZj) ;

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

J
J
J

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

if (p !=ip) {
| AMAT [kk]+= GOEFi j;

2940 g AN, 9N N, AN, ON.
! [P HAZES gy O TS ) ON T L e edizdg
0X O0X ay oy 0z 0z




THRB4T5] - 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[ipn] [jpn] [kpn])*WEI [ipn]*WEI [ jpn]*WEI [kpn] ;

PNXi= PNX[ipn] [jpn] [kpn] [ie]:
PNYi= PNYLipn] [jon] [kpn] [ie];
PNZi= PNZLipn] Ljpn] [kpn] [iel;
PNXj= PNXLipn] [jpn] [kpn] [je]:
PNY j= PNYLipn] [jpn] [kpn] [je];
PNZj= PNZLipn] [jpn] [kpn]l [jel;
COEFi j+= coef*GCONDOx (PNXi*PNX j+PNY i *PNY j+PNZi*PNZj) ;

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

QVO+= SHi * QVOL * coef; #4141
| = | [f(&n.¢)dédnds
} R
} L M N
ot Goeri: :Z _ ZI\N, WV, WVkl[] (Si:17;,6x)
BLip-1]+= QVO*QVC; i=1 j=1 k=1
if (jp!=ip) {
| MIATIKK] 4= COEFi
+1+1+] . aN . ON | aN
! [P HAZES gy O TS ) ON T L e edizdg
" oAl ox ox oy dy 0z 0z
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MAT ASS MAIN (6/6)

for(kpn 0;kpn<2; kpn++) {
for (jpn=0; jpn<2; jpn++) {
for(lpn—O,lpn<2, pn++) { .
coef= fabs(DETJ[ipn][jpn][kpn])*WEI[ipn]*WEI[JDn]*WEI[kpn];

PNXi= PNX[ipn] [ jon] [kpn] [ie]: coef=W mv, v, @etd(&,n;, 4, )
PNYi= PNY[ipn] [jpn] [kpn][iel:
PNZi= PNZ[|pn][Jpn][kpn][|e]; T T TT(E' N

| = 1, 7
PNXj= PNX[ipn] [jpn] [kpn] [je]: R
PNY j= PNY[ipn] [jpn] [kpn] [je]: LM
PNZj= PNZ[ipn] [jon] kpnl [lel: =3 S Sl mv, my, & (£.7,.2,)]

i=l j=1 k=L

COEF i j+= coef*CONDO=* (PNXi=*PNX j+PNY i*PNY j+PNZi*PNZj) ;
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MAT ASS MAIN (6/6)

for(kpn 0;kpn<2; kpn++) {
for (jpn=0; jpn<2; jpn++) {
for(lpn—O,lpn<2, pn++) {
coef= fabs(DETd[ipn][jpn][kpn])*WEI[ipn]*WEI[an]*WEI[kpn];

PNXi= PNX[ipn] [jpn] [kpn] [ie]; coef=Ww; mV, mv, @efd(&.7,.¢,)
PNYi= PNY[ipn][jpn] [kpn] [i el :
PNZi= PNZ[lpn][Jpn][kpn][le]; T T Tf(f' R

| = 1, 7
PNXj= PNX[ipn] [jpn] [kpn] [je]: R
PNY j= PNY[ipn] [jpn] [kpn] [je]: LM
PNZj= PNZ[ipn] [jpn]l [kpn] [je]l; }:

coef

ZMMMH@mm]

j=1 k=1

I ONDO= (PNXi*PNX j+PNY i *PNY j+PNZi*PNZ j)

COEF i j+=




THRB4TE] - 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[ipn] [jpn] [kpn])*WEI [ipn]*WEI [ jpn]*WEI [kpn] ;

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

PNXj= PNX[ipn] [jpn] [kpn] [je]:
PNYj= PNY[ipn] [jpn] [kpn] [je]

PNZj= PNZ[ipn] [jpn] [kpn] [Jjel;

COEFi j+= coef+CONDO* (PNXi#PNXj+PNY i #PNY j+PNZi+PNZj) : |_k|JJ (|,J :1---8)

SHi= SHAPE[ipn] [jpn] [kpn] [iel: J
QVO+= SHi * QVOL * coef; ololololololololle
! olo|olo]olo]olo|e
e lo]o]o]olo]ole]o]e
"B olelelolofofolo]le
, PR ' ololololo|ololo]e
TP 1+ e olo|olo|o|o|o]o]e
} ololololo]olo|o]e
! olo|olololololo]e




THRB4TE] - 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] [jpn] [kpn] [ie]: k](e){#(e) _{ }(e)
PNYi= PNY[ipn] [jpon] [kpn] [ie];
PNZi= PNZ[ipn] [jpn] [kpn] [ie];
PNXj= PNX[ipn] [jpn] [kpn] [je]: e]®) — [~ T
PNY - PNYZ:BRZ jBR Zkgﬂi jg : _f] — IQ[N] dVv
PNZj= PNZ[ipn] [jpn] [kpn] [jel; v
COEF i j+= coef*CONDO* (PNXi*PNX j+PNY i*PNY j+PNZi*PN.))
SHi= SHAPE[ipn] [jpn] [kpn] [iel; :
QV0+= SHi * QVOL % coef. Q(X, Y, Z) = QVOL‘XC + yc‘
}
} _
| QVC =X + Y|
.fnff‘pﬁ]u)— ({20EFi i T
BB Gioe: QV0=[QVOL[N['dv
if (jp I=_1i V

j p) {
| AMAT[kk]+— COEFi j;

| [£]® =Qvomve
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MAT ASS BC : &A%k

do i=1, N

(TaUO L) BREBFERTET HERET—Y (IWKX)
enddo
do i=1, N

if (IWKX(i, 1).eq.1) then
Xisd BHEAANY KL B) Oy, MAMS D) ORHSDIEE (1T - F)
do k= index(i-1)+1, index(i)
Xt d IEFRERARESD (AMAT) DS DEE (T)
enddo
endif
enddo

do i=1, N
do k= indexLU (i-1)+1, index (i)
if (IWKX(item (k),1).eq.1) then

T HG1ERNY L, EFERAKS (AVAT) OREHSDIEE (F1)
endif
enddo
enddo

Z i
T=0@Z=2,,,,
NZ
/ Y
NX
NY
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BREHE - 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 |n1 |n2 |n3 |n4 Ind, |n6 in/, in8;
int |q1 |q2 |q3 |q4 |q5 |q6 |q7 198;
int iS, iE;

double STRESS, VAL ;

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

/%%
/=/max
%k /
for (in=0; in<N; in++) IWKX[in][0]=0;
ib0=-1;
for ( ib0=0; ibO<NODGRPtot; ib0++) {

BmJIL—T &N Zmaxi THS
BN Ein(1MBIRFES)IZHLNT:

IWKX[in-1][0]= 1

ETD

i f ( strcmp (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;
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BREHE : MAT _ASS BC (2/2)

for (in=0; in<N; in++) {
if( IWKX[in][0] == 1 ){
B[in]= 0.¢e0;
D[in]= 1.¢€0;
for (k=indexLU[in] ;k<indexLU[in+1];k++) {
AMAT [k]= 0. e0;

}
}

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

RIEL Y —HHE Q

X=0 (Xyin) X= Xirax
o —FRE : BTERA RMEER/
« FAIES-Y—HRFER (FRAHEY) QLT Q
« BREH

—x=0 : 7=0 (EE)

— X=X o _ o (wizh)
0X

‘TE'E'_;XJTEFEIEJ%
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X=0TRILT HHIE
T,=0

% .
% ALY —=EER Q

X=0 (Xyin) X= Xirax
o —FRE : BTERA RMEER/
« FAIES-Y—HRFER (FRAHEY) QLT Q
« BREH

—x=0 : 7=0 (EE)

— X=X o _ o (wizh)
0X

‘TE'E'_;XTCFEEJE
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045514 :1d.c(6/6)
F—IEEREH@x=0

/%

// A |

// | BOUNDARY conditions

// A |

g To=0

/% X=Xmin */ Xt =1, Hi8=0, XA 570
i=0;
jS= Index[i];
AMat [jS1= 0.0: 2
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




FEM1D

045514 :1d.c(6/6)
F—IEEREH@x=0

/%
// A =
// | BOUNDARY conditions
// A =
*/
/% X=Xmin */
i=0;
jS= Index[i];
AMat[jS]= 0.0;
Diagli 1= 1.0;
Rhs [i 1=10.0;

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

T,=0

A=,

4= b

4300, IERFMSH=0

142




FEM1D 143

04 5.4:1d.c(6/6)
F—REBEREH@x=0

/%

// A

// | BOUNDARY conditions |

// A

*/ T,=0

/% X=Xmin %/ A D=1, H7i0=0, IEXFARH=0
i=0;
iS= Index[il; HE, €0YU7
AMat [jS]= 0.0; 0
Diagli 1=1.0;
Rhs [i 1=10.0;

for (k=0; K<NPLU; k++) |

;{(Item[k]==0){AMat[k]=0.0:
THDORHEETRDIO, F—ERERSE
HrzEALTOSE RIS ST B517Z,
ALIZHBIALTHET S (SDGEIFIER
AR PDZ0ICT BT TRLY)

‘TE'E'_;XJTCF:IEJEE
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—RBIERFGLTAODS S

/%
% I | ﬁﬁlld)iﬂ‘%'l‘ié‘ﬁﬁf'&b —FEIRRE
A conditions | g @R TLVHE A _m:mralué
%/ r=pUl b zlﬁbfiﬁiﬂ'é
Index| j+1]-1

P Diag.@ + > Amat, @y = RNS,

i=0; k=Index] j]

JS= Index[i];

AMat[jS]= 0.0;

Diag[i 1= 1.0;

Rhs [i ]= PHImin;

for (j=1;i<N; i++) {
for (k=Index[j];k<Index[j+1];k++) {
i f (Item[k]==0) {
Rhs [jl= Rhs[j] - Amat[k]*PHImin;
AMat[k]= 0.0;
H
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—RBIERFGLTAODS S

// 4 THIDRIMEE RO, E—BERE
/) Lo icions |l mml Tinag mlﬂmTéWME

“ HD-BELCEET S
Index j+1]-1
Jo X+ Diag; ¢ + k=|ndexz[j:],ﬁtr2atk Bremik
iﬁztlﬂgﬁi[élo = Rhs, — Amat, @
e 01 - Pilnin: = Rhs, — Amat, ¢, where Itemk;] =0

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

1
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BREHE : MAT _ASS BC (2/2)

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

if( IWKX[in1[0] == 1) { IWKX[in-1][0]=1 ¢ G A8 RICTR LT

EHHf 0.¢0; A=, Hi8=0, FFxAMH=0
for (k=indexLU[in] :k<indexLU[in+11;k++)
] AMAT [k]= 0. e0; ooy

|
|

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

LI T T T T T T T T T ITTT I

CCTCOOTWNAIEE—RITDOREE
E<{EnBIELY
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BREHE - MAT ASS BC (2/2)

for (in=0;in<N; in++) {
if( IWKX[in][0] == 1) {
Blin]= 0.e0;
Dlin]= 1.e0;
for (k=indexLUTin1;k<indexLUlin+1T;k++) {

IWKX[in-1][0]=1 ¢ % 58 R ZIEFIEXT
A E LTHELTWSEIAIC *TL’C il
Bi1O~TBIE, H%IESZEXARS
for (in=0; in<N; in++) {

for (k=indexLU[in] ;k<indexLU[in+1] ;k++) {

if (IWKX[itemLU[k]I[0] == 1) {
AMAT [k]= 0. e0;

) M,
xd=tyl) 4
T TWAZEE—RITTDOEE
E<L{EH L
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testl

input_cntl

ATAYS L

=R ERE
#r3— Fheat3D
DFERK

HET—5AN

input_grid

AvaT7AILAR

mat_con0

148

find_node
B RIER

[ﬁﬁll :*’77‘4&‘7‘455&

mat_conl

[ﬁﬁll :*’77‘4&‘7‘455&

mat_ass_main

mSORT
o

FREATIIE MK

mat_ass_bc
BRE&EHNE

solvell
BRIV A—§IH

output_ucd

AR LE

jacobi
YaET7UEHE

Ccg
CGAEtH
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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()

INPUT_CNT
INPUT_GRI

MAT_CONO (
MAT_CONT (

“solver11.h”
INPUT_CNTL () ;
INPUT_GRID () ;
MAT_CONO () ;
MAT_CON1 () ;
MAT_ASS_MA

INQ ;
MAT _ASS BC ()
0

SOLVEI1 () ;
OUTPUT_UCD () ;

LQ);
DO

)
)

MAT_ASS_MAINQ) ;
MAT_ASS BC() ;

SOLVE11 0

OUTPUT_UCD ()

A0

1H
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SOLVE1]

#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 |
ITER = pfemlarray[0]; CGiE DR AR IERE
RESID = pfemRarray[0] ; CGEDINE HI EE
/%%
| ITERATIVE solver |
**/I |

CG (N,NPLU, D, AMAT, indexLU, itemLU, B, X, RESID, ITER, &ERROR);
} ITERactual= ITER;
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RIS KRB ECE

Preconditioned Conjugate Gradient Method (CG)

Compute r®= b-[A]x(?
for i= 1, 2, .. N o
- . . _ S
solve [M]z( 1= pGE-1) HUMIE;(H‘-J- X/7-_U/7
p; ;= rGD z@E-1
if i=1
pM= z(©
else
Bi—l= Pi1/Pis
p(l)z Z(i_l) + Bi—l p(i_l)
endif
q¥’= [A]lp®
o, = p,1/pVqW
X(l)z X(i_l) + alp(l)
r(l)z r(i_l) —_ alq(l)
check convergence |r]

M
5
Q.



FEM3D 152

i‘-_l-:% X/T_U‘/ﬁ‘, :I#\)V: t\\_ﬁ‘-ﬁmi::

« BILEITIIELT, LEDITH DR AT DAHZHRY H
L7=175ZmILE1TS [M] £T %,

I

- SART—1)24, A3k (point-Jacobi) BT LR
D, 0 .. 0 O
0 D, 0 O
(M]=| ...
0 0 D,, O
0 0 .. 0 D

T
T
lm:
JIK

e solve [M]zU V= rG-LELNDIGEIZHITIZRE
[ZRDBZENTES,
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CGYJ)L/\—(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 iel, isL, ieU, isU;
double WVAL;
double BNRM20, BNRM2, DNRM20, DNRM2 ;
double S1_TIME, E1_TIME;
double ALPHA, BETA;
double C1, G10, 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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CG,;&r“JPr?“yﬁ%
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o R =
N, NP I I | EimE
NPLU I O | FEFEMAMDTHE
D R [N] O | W FUIR A
B, X R [N] O BIART ML
AMAT R [NPLU] O | 2T IR FFFAAHRS
indexLU I [N+1] O | 2RI MIIR: FITOFEFFEAHMITH
itemLU I [NPLU] O | &I MIIR:FIES
ITER L 1/0 %(?%}i@@%‘i (I: EBR, O: EEDOREME
ras1o R o | TTRRE, o BiRE/ LL
MAXIT T - | CGERARREELK
TOL R - | CGERETHUYREREE
WW R (4] [N] - CGE7— 7V BFl

P,Q,R,Z,DD

WW®DHEF (XY kLID)
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CGYJ)L/\—(1/6)

#lnclude <stdio. h>

A VAR T N NN

Compute r®= b-[A]x(®

FWNLi1[0]= W[i][R] = (r}  Comvuce =
o - o e or 1i=
e WW_l_ _1_: WW_l_ _Z_ = {Z} solv’e [l:/l]z(i—l)z r(i-1)
SWWEiI (1= WWLil[Q] = {a] Pi= D zG-D
WWLil[2]= WLiJ[P] = {p} . ~ £i-1
o o I p't'= z
WWLil[3]= WW[i]l[DD]= 1/{D} e clse
{ — = =
int i, J,k; Bi—1= pi—l/pi—Z
int ieL, isL, ieU, isU; pitl= z@D + B . p@-l
double WVAL; endif
double BNRM20, BNRM2, DNRM20, DNRM2 ; "?I;:f_ (1)
double S1_TIME, E1_TIME; q'*’= [A]lp
double ALPHA, BETA; a, = p,/pPg
QOubIe Q1,C10, RHO, RHOO, RHO1; x (1) = x(i-1) 4 alp(l)
int IterPRE; ri= (-1 _ q. q(l)
KREAL sokWWW: check convergence |r|

KINT R=0, Z=1, Q=1, P=2, DD=3;
KINT MAXIT;
KREAL TOL;
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CGYIL/\—(2/6)

WW= (KREAL**) allocate_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] [j1= 1.0/D[j1:
WVAL= B[j] - D[jI*X[j1;

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

}

WW[R] [j]1= WVAL;

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

xR DR (RTALER)
TDEE, REZTHEDNEN
B8, FOESITHER

156
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CGYIL/\—(2/6)

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

MAXIT = ITER; Compute r(®= b-[A]x(®
TOL = RESID; for i= 1, 2,
NP solve [M]z@ D= pG-1)
) - if i=1
for (i=0; i<N;i++) for (j=0; j<4; j++) WW[j1[i]=0 p<1)= z (0)
’@*I . else
| {r0}= {b} - [Al{xini} | Bi—ll= pi—ll/pi—z |
. : pd= 7 (1-1) 4 Bi—l p(l—l)
**1{ (j=0; j<N; j++) { sacit
or(J=V,; ] , J+H (1) — (1)
WWIDDILj1= 1.0/D[j1; q [AlP o
WVAL= B[j] - DLJI#X[j1: a, = p;./p*a
x(W= x(-1 4 oq,p)
o g D A P P - g
WVAL+= ~AMAT [KI*K[i1; check convergence |r|

J
WWIR][j1= WVAL;

}

‘(D
3
0.
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CGYJ)L/\—(3/6)

BNRM20= 0. e0;

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

}

BNRM2= | b | 2

BNRM2= BNRM20; HETIEHIEIZEFH

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

ITER = 0;

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

| {z}= Minv]{r} |

*k /

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

/%%

skokkokkskokskokskokskokkokokskokkokkokskokokkokskok sk ok kkok sk ok sk ok sk sk kk ok sk ok %k

%k /

/%%

| (2= Minvl{r} |

*k /
for (i=0; i<N; i++) {
WWIZI[i]l= WW[DD] [i]+WW[R][i];
}

Compute r®= b-[A]x(®
for i= 1, 2,
solve [M]zG D= pG-1)
p._,= rUD zGE-D
if i=1
p= 7(0)

else

x (1) x (1-1) 4 a:pu)

L
rifl= ri-b — g,qd
check convergence |r|
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CGYJ)L/\—(4/6)

/%%

| RHO}= [} (2} |

*% /
RHOO= 0. e0;

for (i=0; i<N; i++) {
RHOO+= WW[RI [i]+WW[ZI[i]:
J
RHO= RHOO;
/%%

| {p} = {z} if ITER=1 |
| BETA= RHO / RHO1 otherwise |

*% /
if( ITER =1){
for (i=0; i<N; i++) {
}WWP]UPMWH]UL

lelse{
BETA= RHO / RHO1;
for (i=0; i<N;i++) {

}
J

WWIPI[il=WW[ZI[i]l + BETAXWW[PI[il;

Compute r®= b-[A]x(®
for i= 1, 2,

solve [M]z{@ D= p@-1)

pi_1= r(i-1) 5 (i-1)
if i=1

pli= z(0)
else

Bi-i= Pi-1/Pi

piil= -1 4 B, pt-1)

qV’= [A]lp®

a, = pi_l/p(i)q(i)
xW= xiD 4+ q,p@
rii)= pG-1) — g g
check convergence
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CGYJ)L/\—(5/6)

/%%

| {a)= (Al (o} |

*% /
for ( j=0; j<N; j++) {
WVAL= D[j] * WW[PI[J]:

for (k=indexLU[j];k<indexLU[j+1];k++) {

i=itemLU[k];

J
WWLQ] [j1=WVAL;

}

/%%

WVAL+= AMAT[k] * WW[PI[il;

i ALPHA= RHO / {p} {al i

*% /
C10= 0. e0;
for (i=0; i<N; i++) {

}
C1=C10;

C10+=WW[PT[iI+WWLQ][il;

ALPHA= RHO / C1;

Compute r®= b-[A]x(®
for i= 1, 2,
solve [M]z{@ D= p@-1)
p,_,= ri-1 zG-D

check convergence |r|

161
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CGYJ)L/\—(6/6)

/%%
il= b0 + ALPHA {}i Compute r®= b-[A]x(®
Xp= g+ *1p for i= 1, 2
{r}= {r} - ALPHA*{q} — ot . |
! ’ l solve [M]zG D= G-l
*k / P, = ri b zGE-D
for (i=0; i<N; i++) { if i=1

X [i] += ALPHA *WW[PI[i];
WW[R] [i]+= —ALPHA *WW[QI[i];
] else

DNRM20= 0. €0 T iy
For (i=0; i<N; i+4) P’ z + B, p
DNRM20-+=WW [R] [i J5*WW[R] [i]; Sl |

} q(l)= [A]p(l)

DNRM2= DNRM20; _ (1) (i)
a. = Dn.

RESID= sqrt (DNRM2/BNRM2) ; 3 pl(til/)p o
xV= xGE1 ¢+ g.p)

if (RESID <= TOL ) break; ril= r@-1) — g, q¥

if ( ITER == MAXIT ) *ERROR= -300; check convergence |r|

end

RHO1 = RHO
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CGYJ)L/\—(6/6)

/%%
| X)= [x] + ALPHA%[p} |
| (= {r] - ALPHA%[q] |
%k / |
for (i=0; i<N; i++) {
X [il += ALPHA *WW[P][i];

WW[R] [i]+= —ALPHA *WW[Q][i];
J

DNRM20= 0. e0;

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

J

DNRM2= DNRM20;

RESID= sqrt (DNRM2/BNRM2) ;

if (RESID <= TOL ) break;

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

RHO1 = RHO ;

Compute r{®= b-[A]x(9)
for i= 1, 2,
solve [M]zG D= G-l

ai = pi_l/p(l)q(l)
x (M= x(-1 4 o p)

ri= rE-1 — g, g
check convergence |r|
end
Resid= \/DNormZ = iy = Ax <Tol
BNorm2 |b  |b
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