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WRETHEE : ZRITERBEIGE
d(,0T) o ,0T) d(,0T) .
ax(}“ax%@(’layj aZ(/la—Z)+Q(x,y,z)—O

» EREMEE+FHE
« —IRIGEMBER )
T=0@Z=Z; - EARK

Z |\

) - —IARST1DILAHR GRERN) BXR
— & AMIZNX - NY - NZ{&
Ve BREN
v . = T1=0@Z=z,,,

V" RS Y RBEBIIEE (A
W S 2 DRLOEE x,y,) |t
X - Q(x,y,2)= QVOL‘XC +yc‘
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WMRET HEE : ZRTERERE

d( ,0T d( .0\ o ,0T :
A +—| A— [+—| 41— v,2)=0
ox\ odx ) dy\ dy) 0dz\' 0z i Q(x Y Z)

. D DELERS A

—I—QE

=] /m

« (KIEAT-URR=EIX
fMNE (Ayiad
IDDERER) I2IKTFF

= Ox,y,2)=|xc +y(]
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AREREDUNE

¢ TECAFEN
s AS—F % GHER
« BEXREBEMDIER

- BRI M)V RER
o £RKT M) U RER
. ﬁ 143 FF
« EIT—RAFEN
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EREREZONIE - 0455 A

- #HEA1E
— I E G A A H
— BEIESRMAAH>ERER (NEimEL, ICELTOT : EXE#)
- EEHMHE (B8R YO R, ERT R DU R)
—EE=>2KT M) HORTYETS (Index, ltem)

« YN DURER
—- BEFREFMONIE (doicel=1, ICELTOT)

BEREVY M) RHE
« 2RT MY RADEREDLE

- BEREAONLE
* B —RFEN
- AR WEE (CG)
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« ZRTEXRDERIE
o = RITEMEEFIEK
- HI—F ik
—- BRI M) RER

« JNOTSLDET
« T—ARIEE
e 70495 LDWER
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ZRITADILEE  —ARER

« EEDHRIRZEHRD CEMNTE S,

« BFIZT—REBRIFBENELS, —HOBIBEZRINTH:
UERA I,

M
Nl

[

/11

b

oy LT

A I LR
CLOp L R 1 i

~ ] l:': A

-:;.-a-t'ﬁ

o A LR O e, - T
e
= 4

J tath ST
= =0 ="
SEARIEAT RN LA TR
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ZRFTEADYRER - MARESR

+ —REEXRLELCHREBEXYHICERT = &I
REZRDEXEIXFRIEETH S
- ZAR LR L THICEREROBEIL KL

& o T,

e LAMALEMNL, FKIDHE
y (A=Y A A
—EMEEETEH LI

y

| £

3

=

1

X

-

F AR EH (2 S

TR RAR TR

* COELIEMARZEHRD
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BB/ &R EFRR (1/2)

Natural/Local/Element

s FERZT, BREEFER En) OEARER[*1,
+1] ICEHT B,
& 3 4 Ll 3
4 ® @
Q2 > — —
! ® ®
> X 1 -1 o)

« BREZNDEAKEIESR (global coordinate) (x,y) 128
1T SRR 7, BREZERICE T SHAIAEEIN]
(KBZEHORNEIFSDERLIN]D ZFERALTE
95
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B R/ ER ERR (2/2)

Natural/Local/Element

° %ﬁk}%‘:jb (-J—élﬂ]llx : Tl’ Tz, T3, T4

T=2 Ni(gmT,

XZZNi(é:,ﬂ)‘X,-a y=ZN,-(§a77)')’i

10
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TAVINTA M) HER

M
Yy A A
+
o o
) O O—s
1Y Y1 E_,
o——o
> X T—l

SRDMEERRZEEAE, iR #HEIFESIEN
A[REE 8D,

ZTO2WSEKRT IBRERR] EMATWS,
Super-Parametric: Higher-Order N, for (x,y)
Sub-Parametric: Lower-Order N, for (x,y)
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2D B REZRRDRKEZE (1/3)

. BREERICEFZESRL ®
DHEZEXETETE 2 D o1 #©
na : —

T =a, +a,&+an+a,87 1 S 2

s ZETRTOEHELY

o _TALAT T, o - AL AT =T,
4 4
a3:—T1—T2+T3+T4 a4:T1_T2+T3_T4

4 ’ 4
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2D B REZRRDRKER (2/3)

T=a+aé+an+a,én $
(4 e e 3
AT AT AT, “T+ DT =T, .
4 4 .
7 PR
_711_T2+T:5+T4 _I_TI_TZ_I_Tfi_T4§
4 T 4 g T S e 2
1 1
=Z(1—§—77+<§77)T1+Z(1+5—77—§77)T2+

i(1+§+77+<f77)T3 +i(1—§+77—§77)T4

1

— ==+ (+EM1-m)T, +

)+ (=N,
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2D B REZRRDRKER (2/3)

T=a+aé+an+a,én ‘+1
AT AT AT, “T+ DT =T, . o 3
4 4

1
~T-T,+T,+T, T -T,+T,-T,
_I_
1 n 1 én (1

&=+ 0+, 1+ E—n =), +

(1+&+m+ T+ (1-E+n-En)T,
NZ
L+ eN-nl+

||~
N
—~~
[
I
N
N—"
—_
ek
I
S
’d‘

e

(+ & +mn 4 (=& +n .

Z
NG
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2D B REZRRDRKEZ (3/3)

« TOHICTKALT, TIZDOWT ‘H
BIES 2L LLUTOLSI2HS - 4 ©
T=NT +N,T,+N,T,+N,T, = T &

- MIKEENEUTOLSI2HS: 010

NMEm=(1-i-n). NyEm=—(+&i-n)

NG = 1+ Ei+n) NoEm = 1=i+)

o« M— (bi-linear) BEXR L LFEEIN S,
s BERIZBITANDIEZFHEL TH &K
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16

=RITANDIL5R

s MEARER : ZRTICHBITH5=AESR
- EEOWMRERS CEMNTES,
ENELC, —EHOBEZRNTHEY(E

-

ANz,

- BROEEFRERIILSERSNTWNS - - -

« REZETIFEX/NE

x) EERT S

— tri-linear
e FE = . ‘B [F
1 - {0132

@%Eﬁl "

RER (FAVNTAR)YHE

=W
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3D B RERR 2R D RAKE 2K
N ERO =2 1=EM-n)1=0) Ny O) = (1=EMi-n)i+()

NG = L+ E-n)1=¢)  NoEm ()= (1+E)1-n)i+£)
N, (&m0 == (1+<§)(1+77)( -{) N,(&n,O)== (1+5)(1+77)(1+é?)
N4(§,77,§>=§(1—cf)(1+77)(1—§) N8<5,n,4’>=§(1—cf)(1+n)(1+§)

T = 28: N.(&n,0)-T (—1,+? GﬁG 1,+1,+1)
: (=1-1.+1) (+1,-1,+1)

x:ZNi(é:’n’g)'xi

=1 (-1L+1,-1) ‘

8 8 (+1,+1,-1)
y:ZNi(é:vnvg)'yi, Z:ZNi(§909§)°Zi / /

(&.7,0)=(-1,-1-1) (+1,-1,-1)
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« ZRITEFXRDEANIL
« ZRITEIERIEX
- Ho—F ik
- BRI M) RER

° JO

935 LDET

. TS

e J

92 LDOEK
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FEM3D 19

NI—FEDER (1/3)

s UTDLOIB=ZRITEMEEFTERZTEZET 5 (BMs
HE—TF)

( aZT]Jr[ BZT}{ BT] +0=0
ox’ dy’ dz”

~ ERNDEBEL
T=INI9Y (rymrfest). taIcBTHEEE o LLTHS.

o AT—FUEICHEL, EABBZEINIET DL,
FERICEVLWTLUTOESAEANToNSD -

I[N]T< /1[?) €j+ﬂ(g €j+/l(g fj+Q}dV =0
. A Yy <

Vv
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NI—FVEDER (2/3)

« ZRTDYV)—2DEE

J‘A8§+8§+BB o IA ” j[aAaB+aAaB+aAaBjdV
dx dx dy dy 0z 0z

. BT D2BEMA DESITER (REHEHD L)

o« ZNIZLLTZHKAT S :
T=[NJg}, T.=|N lg), T,=|N ko), T.=|N_|ip}



Ho—F2EDER (3/3)
« KIEHEYRBEDEOZMATRANELNS ;
-[olv. Y Iv D+ Al T v, Dl Y v v -fod+ oIl =0

e ZOHOXEZEFTERX (weak form) EMES, TTDWH A
B TIH2MEBOMAaNEENTL A, EXTIL,
JYU—2CDEEBIZK > TIEMAICEBRESNTILNS,
- BEKICK > TEUEZ (IREZR, RNEEZRD) (239

HERMNGFELLEHTULS : T HHLEMEAMT2E MY
DNRZFEEBTE S,
- IEMNBZ-IFT, —RmeERL




FFFFF

BREHEEE LB SBE
1) = ()

K19 = [a(v T[N v+ [alv F N, Do
[l Y v

717 = [O[NT av
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FRILN)O X 8xX81T5

FEM3D

\&i
= o e
2K 2K 2K K 2K QK QN
O10]0]0]0]|0|0]|0
~O00@ 00000
010|0|0|0|0|0|0
O10]0]0]0]0]0]|0
010|0|0|0|0|0|0
010|0|0|0|0|0|0
O10]0]0]0]0]0]|0
010|0]0]0]|0|0]|0

(+1,-1,-1)

(€.7.0)=(1-1-1)
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%$7|‘U7K:kij

V{ijJ (l’ ] =1... 8) (_L+? Gﬁ(ﬂ,ﬂ,ﬂ)
(=1-1:+1) (+1,-1,+1)

(-L+1,-1)

/ /
(&.1.8)=(-1-1-1) (+1,-1,-1)

k12 =[a(v T[N D+ [ 4w, T v, v
[l YT v

Y

ky==[1A4'N,,*N, +A-N,,-N, +A-N, ‘N, JdV
%

(+1,+1,-1)
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HEMICHRD 2RI 2HE

« BN
« UUTYIDAT
¢« HORADBEHLR (AOR=)ILT¥ 2RI

(Gauss- Legendre) &I

HEN S, 15

DY TIVRIZETHEZFIRAT S

[rhe= Sl 1)

i Y

ZERLY)

c FERDZTHMPITKRDLDTIEG S, ARG

w



1D-Part2

AIRABEHTBK : —RTDH

//7V/®®T$UF§EU

/ ] \‘(x) = sm(x) / /o"\

X, X A1 £ 0 £+ ]
X, =0, X2=%, X3:§ E & =40.5773502692
h=X,-X, =X, X—% S=Tf(X)dx=If(§)hd§
S=§[f(xl)+4f(xz)+f(X3)]=1.0023 =) i £(&,)=0.99847

=
UK
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HIOADES DK

c MRTIELSNT-BREER[1,+1] XRET S,

s MEDNENRZERATSE 2m-1) ROBEMET
[FELlalgE (&> T1X, 2RONEEE (F2RE
;) wHEAITHEZIE, m=2T+5n)

i d &=-1 £=0 E=+1
:[f(é:)dé::kz_l:[wkf(é:k)] @ —- ° —@

£,=-0.577350 &,=+0.577350

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

E =+0.774597, w, =5/9
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Gaussian Quadrature
A 2D B
. BREEZEZR (End) LTESESHYRBEHAEIM
ﬁié(_ﬁx)

i & +1 +1 +1
H,n. f . (1.1) . n_ . [ = I I J‘f(é:a 779 él) dfdﬂdg
-1 -1 -1

M

(—1,—1)' .<1.—1> 5 i 24 Z[VVZ 'Wj W, f(é:i’njagk)]

i=1  j=1 k=l

o=t a BAHREW +a w
0.57735 02692 1.00000 00000 0.77459 66692 0.55555 55555
0.00000 00000 0.88888 88889

e LMN: En.¢ FEIDES B
o (1,8 - B R D EEAETE
W, W, W, : B ETOEH R

+ a W g 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



Gaussian Quadrature

AIOADEDZ B

DB EHEIN KL
Ehhnd, —XRTTII4
RIZBITAIDEEZEE
LTREILRWN(=X
JTTIX8 )

(E=3.1) (1,1)

(—1, —1) (1, —1)

BHSE+ a BEHEHW
0.57735 02692 1.00000 00000

n=4

o i W
0.86113 63116 0.34785 48451
0.33998 10436 0.65214 51549

S=id W
0.77459 66692 0.55555 55555
0.00000 00000 0.88888 88889

n=5

= 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
A2 DIES N
DA EHEINEL

mhnd, —RETR4 | P
HIZBTBIDEEHE

LTRHERLN(ZR v,
i?‘iS"ﬁ“) (-1, =1 1 Ay )
Ens+a BAHHRHW +a w

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

I::[ _jlf((f,n)d(fdnzg Z[W-W,--f(é,n,-)]

=1.0x1.0x f(-0.57735,-0.57735) +1.0x1.0x f(—0.57735,+0.57735)
+1.0x1.0x f(+0.57735,+0. 57735) +1 ()><1 ()>< f(+O 57735 O 57735)

U.33995  1u4
000000 00000 056888 88889



FEM3D 31

HEIFETZEZRONIETR L

« BREIER (End) LTESSHYIREHAEH
ﬁié<_ﬁx>-- LHL, #Mah

i & +1 +1 +1
H,n. f . (1.1) . n_ . [ = I I J‘f(é:a 779 él) dfdﬂdg
-1 -1 -1

M

(—1,—1)' .<1.—1> 5 i 24 Z[VVZ 'Wj W, f(é:i’njagk)]

i=1  j=1 k=l

o=t a BAHREW +a w
0.57735 02692 1.00000 00000 0.77459 66692 0.55555 55555
0.00000 00000 0.88888 88889

e LMN: En.¢ FEIDES B
o (&.1,.$,)  HS A D RS
W, W, W, : B A TOEH R

+ a W g 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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BAREEZERIZE T HRMES (1/4)

s BT DERAKIYLUTDEDIZES :
ON,(£7,£) _ N, dx AN, dy ON, oz

0F  ox 0F Oy 0F @ 0z OF
ON(E1.{) _ON, dx AN, dy _ dN, %
on ox 877 dy 877 dz dn
aN,.(z:,n,g,“):aNi 8x+8N By ON, 0z
of ox of 9y of | 9z ¢
ON. AN, ON. - \
i i i —3=5 LIS 84 [—= ~ R
{ag o a;} [TEZELYRBEIZKROHLNSHH
ON, N, ON, | koo st ETE AT 2
ox dy o0z
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BARERRICE TSRS (2/4)
* XYM YIRARTIT D E

ON. | |ox 9y 9z |fan]  [oN,]
dg | |95 dg  dg || ox ox

JON,|_|ox dy oz <8Ni>:[]]<8Ni$
on dn dn on || dy dy
oN, dx dy dz ||9N, oN,
(9G] [d¢ d¢ d¢ |l oz, | dz

[/]: YIEDTRIOR
(Jacobi matrix
Jacobian)
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BAREZRERIZE TSR

5 (3/4)

.Nm &Uﬁﬁl?wbhé

f (llN’Zl ZN
s e
T2 = an an@m) 2377

; % AR
=5 a;@“j > or
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BAREZERICE T RS (4/4)

+ O TTRDEDICEMAZHETES
- XYIAE7>Y B3x3175) DFETHZERDS

oN,) [x 9y 2z | [aN,) (N
ox | |9& 95 d&| | d& G
<8Ni>: ox dy 0z 4%>:[]]—1<%¥
dy i dn adn | | Jn a7
dN, dx dy 0z oN, oN,
Ldz ) 9§ d9¢ d¢] |9¢ | 9¢
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BERBEMNTORES
(i, ] = 1...8) (-1,41,+1) (+1,4+1,+1)
(-1,-1,+1) Bﬁ @f L+1)

K,

/

(-1,+1,-1)|

(€.7.0)=(1-1-1)

ky==[1AN,,*N, + AN, -N, +A-N, -N, JdV

3N oN . ON.
:‘f{ ON. JON,ON, N, J}dv

ox ax By dy Jz Oz

(+1+1,-1)

/

(+1,-1,-1)
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BAERRTODRSD

k| G.j=1...8)

oN oN
B J‘< 2 dN, ) oN,
ox OJx dy dy

(- 1,+1,6+1)P Gﬂ (+1,+1,+1)
(_ 1’_1’+1) (+ 1,—1,+1)

/

(-1+1,-1)|

(€.7.0)=(1-1-1)

BN

Ny ON. }
Z Z

N,

+A

_J‘ J-{/,LBN aN aN aN
ox Ox dy ay

aNa
Z

aN oN ;

14141 aN aN aN aN
_IJI{ ox ax ay ay

—1-1-1

V=
} dxdydz =

/

(+

(+1+1,-1)

1,-1,-1)

det\J\ dédnd
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NIRADET R

k.| G j=1...8) <1,+? 6/9(+1,+1,+1)
(=1-1+1) (+1,-1,+1)

(-L+1,-1)

/ /
(&.1.8)=(1,-1,-1) (+1,-1,-1)

+1+1+1
—Hj{ﬂaN ON N, ON 40N, aN’}detM 1indC
ox ox dy dy Jz 07

(+1+1,-1)

—1-1-1

I :T f Tf(e‘,n, ¢)dednd{

-1 -1 -1

=2 2 S Ww, W f G ol

i=1  j=1 k=l




FEM3D

d

& &I

=Y DFIE

ETT, BRIEDEDHAIREE T D,

-~ éﬁKV f)OANDEREDE

—- BRFHNIE

— EI—RAEKXETHEL -

=3 e

I LDABRZHER LGN GERMAT B,

39
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ER=>FERT M)V RAEREDLE
(4) (3) w10™1=(s)

2) 2) 2) Q[ 4@ 2))
kll klz k13 k14 ¢1 fl
(2) (2) (2) (2) (2) (2)
1 kZI k22 k23 k24 ¢2 $:§ f2 L
(2) (2) (2) (2) (2) (2)
k3l k32 k33 k34 ¢3 f3
®)) (2) (2) (2) (2) (2)
1 2 _k41 k42 k43 k44 i \¢4 f4 )
(1) Dy _ 1)
4 3 kP ={f "}
[ 7D (1) (1) ORIPTIOR ()
kll k12 k13 k14 ¢1 fl
) 1) (1) ) 1) (1)
2 k21 k22 k23 k24 J ¢2 f2

) ) ) ) M )
k31 k32 k33 k34 ¢3 f3

1 2) Wk ok wlle”) (n
L 44 ) /4 )
[K]{P}={F}
D, X X X 1(®,] (B)
X D, X X ®,| |B,
X X D, X X X|®,| |B
3 F =9 >
X X X D, X X|&,| |B
X X D, X|®| |B;
] X X X D||®s] |B




FEM3D

« ZRITEFXRDEANIL
« ZRITEMENFAIERX
- A5—F Uik
- BRI M) RER

- RE

° Jo

935 LDET

« T—HEE

e J

92 LDOEK
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BB

c NOADEAPXZHERALTUTOMHARDOEA
ERDE (FAYTSLERST, HEMTHEL
T IZaly)

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

1=[av={ [detls|ads
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e FEIEEIZL > TV

(1/2)

~ 7 (3

43

= D178 ZEE

s ADADESLR (n=2) ITRAT %,

+1 +1

I:J‘ jf(cf,?])dcfd?] Zm: Z[W W.-f(S.7, )]

-1 -1 i=1

j=I

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

real*8 W(2)
real*8 POI (2)

W(l)= 1.0d0
W(2)= 1.0d0

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))

SUM= SUM + W (ip)*W (jp) *FC

enddo
enddo

(_

fad 1) (1, 1)

b —1 4 Rl 1

BHS+ a & LR W
0.57735 02692 1.00000 00000
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(2/2)

dx  dy |
o d& dx dy dy ox
J = , det|J
=5y oy detl= oF 9n  9& o
an dn |

LON, oy 0 (< _&ow,
85 Bf(szj 2 3¢ " af‘acf(;N"y"j‘z e

= 05

i=1

L 0N, dy 0 (4 ] 4 ON.
Nx, Xis - Ny, |= 2 =V
877 877(2 J S on " an 97 21: 2877

NEm=10-8Mi-n). N.Em=-1+&)1-n)
N, (Em)=— (1+§)(1+77) 4<5,n>=1(1—5)(1+n)

44
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« ZRTEXRDERIE
« =RHEENFAIEX
- HI—F ik
—- BRI M) RER

e JNOT 5 LDET
« T—ARIEE
e 70495 LDWER
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WRETHEE : ZRITERBEIGE
d(,0T) o ,0T) d(,0T) .
ax(}“ax%@(’layj aZ(/la—Z)+Q(x,y,z)—O

» EREMEE+FHE
« —IRIGEMBER )
T=0@Z=Z; - EARK

Z |\

) - —IARST1DILAHR GRERN) BXR
— & AMIZNX - NY - NZ{&
Ve BREN
v . = T1=0@Z=z,,,

V" RS Y RBBIIEE (A
W S 1 DRLOEIE xy,) <k
X — 0(x,y,2)=0VOL|x. + y.|
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14 A =)L (CygwinTII*.exe)

AR

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

sol

Aviavrznrlb—F342R =)L

>$ cd <$P-TOP>/fem3d/run
>$ gfortran -03 mgcube.f —-o mgcube



FEM3D

AU aER=ER, 7714 IVARE

ATEDR

s

mgcube
AyazrL—4

'

T
—

cube.O
Ay, aJd7AIL

w

Hl{HT—5

— sol l<_ INPUT.DAT

/4

test.inp
AItRIE A 7

-~

48
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Ay ok (CygwinTIl&
mgcube.exe)

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

NX, NY, NZ - BULERS%H

ALVT LK B

20 20 20 - &I

ANTHS

>S 1ls cube.O Rl TEER
cube. O

49
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#llfil 7 7 4 )L : INPUT.DAT

INPUT.DAT
cube. O fname
2000 ITER
1.0 1.0 COND, QVOL
1.0e-08 RESID
e fname : AwaJ7AILEA
e ITER : RiE[RZ R
e COND : HRE R
e QVOL : FELT-URASEK
e RESID : RAE;EDUNFEH|E B
0 oT 0 oT 0 oT :
— | A— |+ —|A— |[+—| A— |+ 0lx,y,2)=0
ax( axj ay( ay] az( sz Oli.y.2)

O(x,y,z)=QVOL|x. +y.|



FEM3D

% 1T (CygwinTl&sol.exe

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

>$ 1s test.inp KRl xR
test.inp
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ParaView

http://www.paraview.org/

7714 L% BEL
DRI
A A= T7LILDRE
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BEXRDIEHE
=

iR
=i
uchzzh i
PY 4R
At
=
JNEIR
—RER
Y
=fAR2
Uz 2
P E A2
A2
=AH2
JNEA2

Unstructured Cell Data

#“U“P I

UCD Format (1/3)

' ® mo

[ ]
pt 0 0 I o 2
line

=&k =fAfk2
tri 0 0
AN A
tet ! z2 1 4 2
pyr

M £ 2 mER 2
prism 0 3 07 3
hex 4 é

1 2 1 5 2
line2 =k =f2
tri2 ; ]
quad?2

7 9

tet2 n ﬂ
pyr2 2 ” "3 2 3
prism2
hex2

3

=
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UCD Format (2/3)

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

* There are two types of formats. Only old type can
be read by ParaView.
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UCD Format (3/3): Old Format

g iR (RERY) (BHROT ) (BEROT—3H) (ETILOT—4 (E?@T—Qﬁ‘z"*ﬂ) (A1 DIERE) (AR 20ERE) - -
% (BRT IR 1DINIL), (B4

(ETmEE1) (XEELZ) (YEEAE) (ZEE4E) (BRT—IEP20D5N)L), (BAIL)

(ETmEE2) (XEELZE) (YEEE) (ZEE4E)

\_/

) (BERTHHITDINI), (BhI)
(BRES) (MHES) (BROELR) (BREENIT OH RDDEMY) (BERBS1) (BRT—H) (BERT—52) -
(BEHRES2) (MHES) (ERDEE) (BERZHEHA T HERDDLEAY) (BHRES2) (BERT—H1) (BRT—H52) -

(ETRDT—AHAE) (A1 DB (R 2DBRE) - - - (BT DERE)
(BimT—2RP1DTINIL), (Bf)
(EI‘J BT —AEP205N)L), (BAIL)

55
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« ZRTEXRDERIE
« =RHEENFAIEX
- HI—F ik
—- BRI M) RER

« JNOTSLDET
« T—ARIEE
e 70495 LDWER
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Ay a T 74 ILEER : cube.O
BelE ] hotBE-TLVS

- BFRHW

- ERIAT

- EXRBEE, MHEES, ORIV TA4ET~«
s IR IL—TT—4

— JIL—T#

— JIL—THNE R

— JIL—T4%

— JIL—TRE A
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>

NZ

=Zmax
/ Y
- NX

0@Z

T
NY

(NX=NY=NZ=4)
2y
y

X
VS
e
Iz
—
1=
9 ~
LO
*
LO
_ ¢
LO
. I
_ elelelelelslelele ocoocoOo
lelelelelelelelels) OO D
P elolelelelelelele) <<t <t<t<t
ot
N
.Wn OO ocooOoO
h lelelelelelelele e lelelelels)
E oo —r—r—r <<t <t<t<t
OCOOOOOOOOD ocoocoO
O lelelelelelelelele) lelelelels)
" Or—AM<tTO—AM O—aNm <t
b LO— N <t LO O ~00 —ANO<LO
u N . ANANIANANAN
D Y— M S e e pa
[e2]
: O

movie
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cube.0: EXRT—% (1/2)

Ax4x4 (EFRE)

6

NZ

Zmax

0@Z

T

/Y
=% NX

36
36
36
36
36
36

36
36
36
36
36
36

36
36
36
36
36
36

36
36
36
36
36
36

36
36
36
36
36
36

36
36
36
36
36
36

36
36
36
36
36
36
36

36
36
36
36
36
36
36

36
36
36
36
36
36
36

36
36
36
36
36
36
36

BEEAAA T : 361

-
7

JT, JN@EiE, —XR

NY

movie
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cube.0 : ERT—4H (2/2)

4

NZ

=Zmax
/ Y
" NX

T=0@Z

32 3] 36
42 46

2] 28 33 32
28 29 34 33

29 30 35 34

31
34 35 40 39

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

33 34 39 38
41

26 27 32 31
32 33 38 3/

—_————r—r—r— AN

Y— p— y— — p— p—

Y— — y— p— p—

Y p— p—y—— — p— — — p— — p— p—

— QANMNMTLOOMT~00 SO —AIM

Y— p— p— p—

Y—— p— — — — — — — — — —

Y — p— y— — — — — — — — p—

Y — p— y— y— — y— — — — — p—

Ye— — p— — p— — — — — — — —

82 38/ 86
89 90 95 94
92 97 96

91
93 94 99 98

88 89 94 93
94 95 100 99

82 83 88 8]
83 384 89 88
84 85 90 89
86 87 92 91
8/ 88 93 92
92 93 98 9/

81

Ye— — p— y— — — y— — — — — p—

.
L

8EI R 1D

ZRID ##ID



FEM3D 61

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 7
16 32 48
20 45 70
19 44 &
11 12 36 & 61 e
5 21 37
5 7 s |9 | 4 2 |33 |34 | 57 |58 |59 |
1 2 3 4 17 118 | 19 | 20 33 |34 | 35 | 36
1 > 3 4 5 26 27 28 29 30 51 52 53 54 55
125 100
k= 124 99 k=4
k=5 64 64 k=4
119 120 94 95
111 112 86 87
53 53
(06 107 1108 109 |, g g2 183 |84 |,
49 | 50 | 51 52 49 | 50 | 51 52

101 102 103 104 105 76 77 78 79 80
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FEM3D

O II—TF—A

=
i

cube.O

N >
prd
< - > WM
£
N
Il {///r
@ A
T
— >
prd
-
N Z
\J
VS
&
B
N
N—~
{oll{e) OO OO
.%W <t qploo) N\
A
(el OHO OHO
ﬂﬁ/ _ OO oofoo) (eco)oo)
qpoo) AN~ —
_ Y
)
Lmq — — M~ m~r—
~ qpoo) AN~ —
Qo
O O ©O© O OO
AN~ AN~ —
— —r— LOLOLO LOLOLO
(aN] N aN LOO QN
— —
() O OO < s < <
(@) O +— LOO QN
— — —
Lo vy aplapliqp DO M
~ O +— LOO Al QN
— —
(@) O OO AaNANAN ANAN AN
Lo LOO LOO —QN
~— ~—
<TLO Cr—yr—r Cr—v—v C—r——
N .— LOO . — LOO —QN
= — e ~—
> >

OO
— QN

Y— p—

SHO
Or—

Y— p—

o0 OO
o r—

Ye— —

S~
Or—

Y— p—

OO
O r—

Y— p—

LOLOLO
Or—A

Y— p— p—

< s
Or—A

Y— p— —

qplaplep]
Or—aA

Y— p— —

ANAN AN
O—A

Ye— p— —

X r— v—y—
CO—AN

Er—vr—v—

(LT FEAEY)
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63

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 7
16 32 48
20 45 70
19 44 69
11 12 36 & 61 e
5 21 37
6 7 8 9 10 31 32133 |34 .0 57 158 |59 |
112 | 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
125 100
k=5 124 99 k=4
K=9 64 64 K=4
119 120 94 95
111 112 86 87
23 53 Xmin: i=1
106 107 1108 109 |, g 82 |83 |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 79 80



Aw a1 HERL

o E(IFMRIICITKEZ 4 EERE
— FHRIR
- KFAEREA YD

o AFFH{EAVEEL LY

« MDA Y 2ERT T Tr—2ay
— FEMAP
e« CADT—AREDA AT —R
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« ZRTEXRDERIE
« =RHEENFAIEX
- HI—F ik
—- BRI M) RER

« JNOTSLDET
« T—AEE
« TS LDWER
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AREZEREDUNE

- 1L
— HIENE R A H

66

— BEEEGRAIAH=>ERER (NEIEZ, NE: EX#)
— EH#IHAE (A< PO R, BEERET LY O R)
—EBE8AKT MY HS AT YETS (Index, ltem)

e Y M) RERL

- EFHMOUIE (doicel=1, NE)

- ERV MU REE

« ERT MU RADEREDLE

iﬂﬁ Ho

—RIFFERN
{1k BEgix (CG)

2.1"1 |




FEM3D

testl

ATO5S A

=R ERE
#r3— Fheat3D
DIERX

input_cnt|

HET—2 AN

input_grid
Ay aT7AILATA

mat_con0

find_node
B RER

[f-‘rﬁllzl*’yv‘-»ﬂ:“-?»riﬁq

mat_conl

[f-‘rﬁllzl*’yv‘-»ﬂ:“-?»riﬁq

mat_ass _main

mSORT
J—k

REATHIE R

mat_ass_bc

EREHNE

solvell

jacobi
YaE7URE

B AN A b |

output_ucd

AR LA

cg
CGiAEHE
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program heat3D

use solverli
use pfem util

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

cal| INPUT_CNTL
cal |l INPUT_GRID

call MAT_CONO
call MAT_CON1

call MAT_ASS_MAIN
call MAT_ASS_BC

call SOLVE11
call OUTPUT_UCD
end program heat3D

R0

Ik
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GlobalZ#iZ : pfem_util.f (1/3)

zHe @3] 94X | IO A &
fhame C (80) I Ay aTdrAILE
N, NP 1 || EE
[CELTOT 1 EES"
NODGRPtot 1 || EEL— T
XYZ R | (N, 3) ||
[CELNOD [ | (1cELTOT, 8) | | ERaksFAET4
NODGRP_ INDEX [ | (0:NODGRPtot) || &EATL—TICAENBEAN (RE)
NODGRP_I TEM 1 é'll'gg%RP—INDEX NODG || g —FIcaEh B EE
NODGRP_NAME ¢80 | (NODGRPTOT) || EESIL—T %
NLU I O | BERIEXAMNE
NPLU 1 O | Estfams s
D R (N) O | &K1 7% . x/aJaysy
B, X R (N) O | AE@RY R, KRBT LML
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GlobalZ# &

- pfem_util.f (2/3)

EH 4 25l A4 X O N B
AMAT R | (NPLU) O | £F17%5 : EFEMAMS
index I (0:N) O | £175 : FEFFIARDH
item I (NPLU) O | £&175 : FEFERARS (FIES)
INLU I (N) O |EHEHRDIEFFEAARTE
IALU I (N, NLU) O | BERDFEFFEAARTE FIFS)
TWKX I (N, 2) O 7—% FECS
ITER, ITERactual I | RER#HD LR, EEFEDRERZR
RESID R | TLUIUBRE (1.e-8I25K%E)
pfemlarray I (100) HEH (BHH)
pfemRarray R (100) HTEH (E
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GlobalZ:

MR

pfem_util.f (3/3)

Pk e ] H4 X /10 N B
08th R | | =0.125
PNQ, PNE, PNT R | (2,28 O |&HIRAMARIHTE T2 N1y
POS, WEI R | (22 O |&EHIRENADEE, EHFEH
NCOL1, NCOL2 [ | (100) O | v—rR7—2E5
SHAPE R | (22208) O |&HIREHERIZE T BHRBEEK N, (i=1~8)
PNX, PNY, PNZ R | (22208 O |&BAVRBMARIZHEITE N aﬁ,?( ~1~58)
DETJ R | 222 O |&HIRESAIZEITEYaET UT75IR
COND, QVOL R I MEER, AEL-YRAERHK
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72

flliEl 2 7 4 JLAZ : INPUT_CNTL

subroutine INPUT _CNTL
use pfem util

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

open (11, file= " INPUT.DAT', status="unknown’)
read (11, (a80)’) fname

read (11,%) ITER

read (11,*) COND, QVOL

read (11,%*) RESID

close (11)

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

return
end

INPUT.DAT

cube.O
2000
1.01.0
1.0e-08

fname

ITER

COND, QVOL
RESID



FEM3D

Avwra AR INPUT_GRID (1/3)

| Gsksksk

| Cxx* [NPUT_GRID
| Cskksk

1C
subroutine INPUT _GRID
use pfem_util
implicit REALx8 (A-H,0-2)

open (11, file= fname, status= "unknown’, form= "formatted )

1C
|C— NODE
read (11,%) N
NP= N
allocate (XYZ(N, 3))
XYZ= 0.d0
do i=1, N

read (11,%) ii, (XYZ(i, kk), kk=1, 3)
enddo
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FEM3D

(NX=NY=NZ=4)

5—4

"

0]

cube.O

Zmax

0@Z

T

NZ

/Y
=% NX

ololololololole s
OCOOOOOOOO

Or—ANMTO—AIM

LO—ANMILOON~0

N

—

Y p— y— p— p—

NY

XYZ (i, 3)

movie
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allocate, deallocate (1/2)
allocate Z FORTRANiL A4 IZfHEHEIZX0 5 - Hh DEEEK

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

%oid* al locate _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 =(CHAR80x) al locate vector (sizeof (CHAR80), NGtot) ; NAME[NGtot]
WW= (KREAL**) allocate matrix(sizeof (KREAL), 4, N) ; WW[4][N]



FEM3D

allocate, deallocate (2/2)
allocate Z FORTRANiL A4 IZfHEHEIZX0 5 - Hh DEEEK

voidkx allocate matrix(int size, int m, int n)

yo{d_**aa;

int i;

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

exit(1);

}

if ( ( aal0]=(void * )malloc( m * n * size ) ) == NULL ) {
fpr{2¥§(stdout,”Error:Memory does not enough! in matrix ¥n”);
exi :

for (i=1;i<m; i++) aali]=(charx)aali—-1]+size*n;
return aa,

}

void deal locate matrix(void *%*aa)

free( aa );

INDEX=(KINT* )allocate vector (sizeof (KINT), NGtot+1); INDEX[NGtot]
NAME = (CHAR80x) al |locate vector (sizeof (CHAR80), NGtot) ; NAME[NGtot]
WW= (KREAL**) allocate matrix(sizeof (KREAL), 4, N) ; WW[4][N]
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Avwra AR INPUT_GRID (2/3)

1C
|C— ELEMENT
read (11, %) ICELTOT
al locate (ICELNOD (ICELTOT, 8))
read (11,7 (10i10)") (NTYPE, i= 1, ICELTOT)

do icel= 1, IGELTOT
read (11,” (10110, 2i5,8i8)") ii, IMAT, (ICELNOD (icel, k), k=1,8)

enddo

77
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cube.0: EXRT—% (1/2)

ICELTOT

NZ

Zmax

0@Z

T

/Y
=% NX

36
36
36
36
36
36

36
36
36
36
36
36

36
36
36
36
36
36

36
36
36
36
36
36

Y — p— p— p— p—

36
36
36
36
36
36

36
36
36
36
36
36

36
36
36
36
36
36
36

36
36
36
36
36
36
36

36
36
36
36
36
36
36

36
36
36
36
36
36
36

BEEAAA T : 361

>

JT, JN@EiE, —XR

7

NY

movie
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cube.0 : ERT—4H (2/2)

4

NZ

=Zmax
/ Y
" NX

T=0@Z

32 3] 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 jg 44

26 27 32 31
33 34 39 38

31
41

—_————r—r—r— AN

Y— p— y— — p— p—

Y— — y— p— p—

Y p— p—y—— — p— — — p— — p— p—

— QANMNMTLOOMT~00 SO —AIM

Y— p— p— p—

Y—— p— — — — — — — — — —

Y — p— y— — — — — — — — p—

Y — p— y— y— — y— — — — — p—

Ye— — p— — p— — — — — — — —

92 97 96

82 38/ 86
92 93 98 9/

82 83 88 8]
83 384 89 88
84 85 90 89
86 87 92 91
8/ 88 93 92
88 89 94 93
89 90 95 94
93 94 99 98
94 95 100 99

81
91

Ye— — p— y— — — y— — — — — p—

.
L

[CELNOD (icel, 8)

IMAT
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Avwra AR INPUT_GRID (3/3)

1C

IC— NODE grp. info.
read (11, (10i10)’) NODGRPtot
al locate (NODGRP_INDEX (0:NODGRPtot), NODGRP_NAME (NODGRPtot))
NODGRP_INDEX= 0

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

do k= 1, NODGRPtot
iS= NODGRP_INDEX (k-1) + 1
iE= NODGRP_INDEX (k )
read (11, (a80)’) NODGRP_NAME (k)
nn= IE - IS + 1
if (nn.ne.0) then
read (11,7 (10i10)") (NODGRP_ITEM (kk), kk=iS, iE)
endif
enddo

close (11)

return
end

80
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cube.0 : BT IL—TT—4

4 NODGRPtot
20 950 75 100 NODGTP_INDEX (1-4)
Xmin NODGRP_NAME (1)
1 6 11 16 21 26 31 36 41 46 NODGRP_ITEM (1-25)
ol 56 61 66 /1 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 (26-50)

ol 92 53 54 55 716 /] 18 19 80
101 102 103 104 105

Zmin NODGRP_NAME (3)
1 2 3 4 5 6 7 8 9 10 NODGRP_ITEM (51-75)
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25
/max NODGRP_NAME (4)
101 102 103 104 105 106 107 108 109 110 NODGRP_ITEM (76-100)
111 112 113 114 115 116 117 118 119 120
121 122 123 124 125
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testl

AM7Ag5L4

= RITEMEEHE
#r3— KFheat3D

DRk

input_cnt|
HET—2AN

input_grid
Ay aTd7ALILAS

mat_con0

THARITAETAER

mat_conl
TR AR TAETAEH

mat_ass main
FBBATHERL

mat_ass_bc
BREHNE

solvell
S AN WA Fidl

find_node
MRER

mSORT
V—hk

jacobi
a7 R E

Cg
CGEEtHE

output_ucd
AR AR
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GlobalZ#(% : pfem_util.h/f (1/3)

zHe @3] 94X | IO A &
fhame C (80) I Ay aTdrAILE
N, NP 1 || EE
[CELTOT 1 EES"
NODGRPtot 1 || EEL— T
XYZ R | (N, 3) ||
[CELNOD [ | (1cELTOT, 8) | | ERaksFAET4
NODGRP_ INDEX [ | (0:NODGRPtot) || &EATL—TICAENBEAN (RE)
NODGRP_I TEM 1 é'll'gg%RP—INDEX NODG || g —FIcaEh B EE
NODGRP_NAME ¢80 | (NODGRPTOT) || EESIL—T %
NLU I O | BERIEXAMNE
NPLU 1 O | Estfams s
D R (N) O | &K1 7% . x/aJaysy
B, X R (N) O | AE@RY R, KRBT LML
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GlobalZ #%k : pfem_util.h/f (2/3)
EH % =Rl Ha4X /0 N =B
AMAT R | (NPLU) O | £&175 : FFFFAEMS
index I (0:N) O | £175 : FEFFIARDH
item I (NPLU) O | £&175 : FEFERARS (FIES)
INLU I (N) O | BEHRADFEFFAARSTH
IALU I (N, NLU) O | BERDFEFFEAARTE FIFS)
TWKX I (N, 2) O 7—% FECS
ITER, ITERactual I | RER#HD LR, EEFEDRERZR
RESID R | TLUIUBRE (1.e-8I25K%E)
pfemlarray I (100) HEH (BHH)
pfemRarray R (100) HTEH (E
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GlobalZ

- pfem_util.h/f (3/3)

B
1

EH4 F& H A4 X /O N =
08th R | |=0.125
PNQ, PNE, PNT R | (2.2,8) O |&HIABARIZE TS D20 D1y
POS, WEI R | 2,2 O |&AHYRENHDERE BHFY
NCOLT, NCOL2 | (100) O |v—rE7—HES
SHAPE R | 2,229 O |&AYRESAIZETDHKEH N, (i=1-8)
PNX, PNY, PNZ R | 2228 O | &AYREARICETS GGG l=1-9
DETJ R 2,2,2) O |BHIVRBERRAICEITHAVYIET U 1THK
COND, QVOL R || BMEEE, KN RBREBRY
i(/la—T)+i 29T +i(/la—Tj+Q'(x,y,z):O
ox\ dx ) dyl dy ) 9dz\l 0z

O(x,y,z)=QVOL|x. + y.|

85



FEM3D

T h)ORERET

o —RITMD & =L, index, item|ZEHE L -5k 25
HIZEAZEMNTETE

- EF OIERAHKST DEIL2

— BEENBERICH LT : +1&-1

s ZRTTDIZEILL - EEH
- X OERARSDEIL7~26 FREDRIK)
- ERIEXE - &EH
— BIT, FEEOIEFARSEITHMN LT

movie
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I hJDRERMET
o —RITMD & =L, index, item|ZEHE L -5k 25

HICHELHZEMNTETL:

— EEOIERFBRDTDEIL2
- BENBRIZH LT : +1&-1

« ZRTDGEEIFEH - ELEM

- FEOERARTDEIT7~26 GREDRIN)

— ERITEH - LEH

- HIULT, EEOFEMNARTORITHM LGN

« INLUN), IALUNNNLU) > T+

DRz TIRICEIET 4

IE T £
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E{R0LIE

program heat3D

use solverlt

use pfem uti | 7 8 9
implicit REAL%8 (A-H, 0-2) B - —

N 2 q
call INPUT_CNTL ©—9 (1) 12
call INPUT_GRID N 5 :
call MAT_CONO - = =

cal | MAT_CONT <5>_H_<8>

cal | MAT_ASS_MAIN
cal |l MAT_ASS_BC 1 2 3

call SOLVE11 N N -
Q oO—0GB—~©w
call OUTPUT_UCD

end program heat3D

MAT CONO: INU, IALU4 K
MAT CONI1: index, item4E ik

EYHAT INLIRFAERESZELIE
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MAT CONO : ©&{R#Enrk

do icel= 1, ICELTOT (—L+1,+1) (+L+1,+1)
SET AR DEEN, D, 6/6 @/9
INLU, TALUZ &Rk
(FIND_NODE) (-1-1+1) (+1-14+1)

enddo
(-L+1,-1)
(+1,+1,-1)
/ /
n,0)=(-1-1-1 —1,-1
E ” i3 © (&.7.{)=(-1.-1-1) (+1-1-1)
7 8 9
<
@Q—(90——(1)—2
4 5 6
6—0—0—06
1 2 3
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FHARY T4 ET 4 &R %
MAT CONO (1/4)

IC

| Cokskok

I Cxx MAT_CONO

| Coksksk

¢ subroutine MAT_CONO NLU:
e e dtile (At 0-2) FHRISHITD
Implicl * —n, U— gF_anF AN

%t 58 Rl 7

NLU= 26 @B%j(,;&
allocate (INLU(N), TALU(N,NLU)) (FEET A8 ED)
INLU= 0
[ALU= 0

SOREDEEIE
HM->TLNADT,
ZNDESIZTES

REHDIZFEDELE:
= R RA
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THNARD T ET 4 &R

MAT_CONO (1/4)

IC
| Gk
I Gx+x MAT_CONO
| Coksksk
IC
subroutine MAT_CONO
use pfem util
implicit REAL*8 (A-H, 0-2)
NLU= 26
allocate (INLU(N), IALU(N,NLU))
INLU= 0
IALU= 0
L4 H4 X A =®
HE R DIEFIER AR
INLU (N) e
BET R DIEFIEX AR
[ALU NANLD) | Sz e
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THNARD T ET 4 &R

MAT_CONO (2/4)

do icel= 1, ICELTOT

inl=
in2=
ind=
in4=
inb=
in6=
in7=
in8=

ICELNOD (icel, 1)
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,

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

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

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

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

AN IRFEIES

(=1,+1,+1) (+1,4+1,+1)
(~1-1+1) (+1,-1,+1)
(-1,+1,-1)
(+1,+1,-1)
- /
(&.1.8)=(=1,-1,-1) (+1,-1,-1)
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EmE% : FIND TS _NODE
INLU,JAUIR® : —RFT Tl DE EFH

1C
| Gsksksk

| Cx+x FIND_TS NODE
| Cskksk

1C

subroutine FIND TS _NODE (ipl, ip2)

do kk= 1, INLU(ip1)

if (ip2.eq. IALU(ipl, kk)) return

enddo

icou= INLU(ip1) + 1

[ALU (ip1, icou)= ip2

INLU (ipT )= icou
return

end subroutine FIND TS NODE

T4 H4 X N B
Vaslan E % - o
INLU N) ig,.“d)éliwéliﬁﬁﬂz
TALU (N, NLU) L ET R DIEFIERARK

7 GI&ES)
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BN mER®E : FIND_TS_NODE
— R TIEZ DEWHEF B, E#

1C

| Gsksksk

|Cxx*x FIND TS NODE

| Gk .

1C ip2ANALU(ip1,kk)IZEFE
subroutine FIND TS NODE (ipl, ip2) NTLNBINFTYY

do kk= 1, INLU(ip1)
if (ip2.eq. IALU(ip1, kk)) return
enddo
icou= INLU(ip1) + 1
[ALU (ip1, icou)= ip2
INLU (ipT )= icou
return

end subroutine FIND TS NODE

ip1: No.6 node

ip2: No.7 node



FEM3D

BimPERE® - FIND_TS NODE

—RITTIEZDER A F=
1C
| Gsksksk
| Cx+x FIND_TS NODE
| Cskksk
1C

subroutine FIND TS _NODE (ipl, ip2)

do kk= 1, INLU(ip1)
if (ip2.eq. IALU(ipl, kk)) return
enddo
icou= INLU(ipl1) + 1
IALU (ip1, |cou)— 1p2
INLU (ipT )= icou
return

end subroutine FIND TS NODE

ip1: No.6 node

ip2: No.7 node

~5f), BR#H2

IALUIZEENTLVELY
E&IL, INLUIZ1ZMMAT
TIALUIZ#& %k

13—(149) 15
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BN mER®E : FIND_TS_NODE
— R TIEZ DB EFH, BHE#5

1C
| Gsksksk

| Cx+x FIND_TS NODE
| Cskksk

1C

subroutine FIND_TS_NODE (ipl, ip2) ICIALUICZ TR TLNS

do kk= 1, INLU(ip1) BEIE ROXRFTA
if (ip2.eq. IALU(ip1, kk)) return

enddo

icou= INLU(ip1) + 1

[ALU (ip1, icou)= ip2

INLU (ipT )= icou

return

end subroutine FIND TS NODE

ip1: No.6 node

ip2: No.7 node
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THNARD T ET 4 &R
MAT CONO (3/4)

| FIND_TS_NODE (in4, in1)

| FIND_TS_NODE (in4, in2)

| FIND_TS_NODE (in4, in3) (-1,+1,+1) (+1L+1,+1)
caII FIND_TS

|

|

_NODE (in4, in5)
i1 EBTHE
ca In4, In —_1—
cal | FIND_TS_NODE (in4, in8) (~1-1.+1) (+1,-1,+1)
call FIND_TS_NODE (in5, in1) “1+1-1
call FIND_TS_NODE (in5, in2) (1+1,-1)
cal | FIND_TS_NODE (in5, in3) (+1,+1,-1)
call FIND_TS_NODE (in5, in4) / /
cal| FIND_TS_NODE (in5, in6)
cal| FIND_TS_NODE (in5, in7)
cal | FIND_TS_NODE (inb, in8) (&,n,8)=(-1,-1-1) (+1,-1,-1)
call FIND_TS_NODE (in6, in1)
call FIND_TS_NODE (in6, in2)
call FIND_TS_NODE (in6, in3)
call FIND_TS_NODE (in6, in4)
cal| FIND_TS_NODE (in6, in5)
cal| FIND_TS_NODE (in6, in7)
call FIND_TS_NODE (in6, in8)
call FIND_TS_NODE (in7, in1)
call FIND_TS_NODE (in7, in2)
call FIND_TS_NODE (in7, in3)
call FIND_TS_NODE (in7, in4)
cal| FIND_TS_NODE (in7, in5)
cal| FIND_TS_NODE (in7, in6)
call FIND_TS_NODE (in7, in8)
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THNARD T ET 4 &R
MAT CONO (4/4)

TS_NODE (in8, in1)
TS_NODE (in8, in2)
TS_NODE (in8, in3)
TS_NODE (in8, ind)
TS_NODE (in8, inb)
TS_NODE (in8, in6)
TS_NODE (in8, in7) &KEFAIZELINT,

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

enddo IALUG D N ENEE
do in=1, N REWESITHSKIITY—K
o 0 Aol v
NCOL1' (k)= TALU(in, k) HFUOVELMOEEEDELNDEY—FT 5
enddo
call mSORT (NCOL1, NCOL2, NN)
do k= NN, 1, -1
IALU (in, NN-k+1)= NCOL1 (NCOL2 (k) )
enddo

enddo
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CRSHZHA D Z

| Csksksk

I Cxxk MAT _CONT1

| Cokskx
1C

subroutine MAT_CON1
use pfem util
implicit REAL*x8 (A-H, 0-2)

allocate (index(0:N))
index= 0

do i= 1,

|ndex(|)- index (i—-1) + INLUC(i)

enddo
NPLU= index (N)
allocate (item(NPLU))

do i=1, N
do k=1, INLUC(i)
kk = k + index(i-1)
i tem (kk) = TALU (i, k)
enddo
enddo

deal locate (INLU, IALU)
end subroutine MAT _CONT

MAT_CONT

C

index[i+1] = Zl: INLU[ k]
index[0] = .
FORTRAN

index (i) = Zl: INLU(k)

index(0) =0
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CRSHZHA D Z

| Csksksk
| Gk
| Cokskx
1C

MAT_CON1

subroutine MAT_CON1
use pfem util
implicit REAL*x8 (A-H, 0-2)

allocate (index(0:N))
index= 0

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

NPLU= index (N)
allocate (item(NPLU))

do i=1, N
do k=1, INLUC(i)
kk = k + index(i-1)
i tem (kk) = TALU (i, k)
enddo
enddo

deal locate (INLU, IALU)
end subroutine MAT _CONT

MAT_CONT

NPLU=index(N)
itemMDY A X
JE O IEXT A R 57

N K
IL.\
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CRSEEAXAADZEH#

| Csksksk
| Gk
| Cokskx
1C

MAT_CON1

subroutine MAT_CON1
use pfem util
implicit REAL*x8 (A-H, 0-2)

allocate (index(0:N))
index= 0

do i=1, N

index (i)= index(i—-1) + INLUC(i)

enddo
NPLU= index (N)
allocate (item(NPLU))

do i=1, N
do k=1, INLUCi)
kk = k + index(i-1)
i tem (kk) = TALU (i, k)
enddo
enddo

deal locate (INLU, IALU)
end subroutine MAT _CONT

MAT_CONT

item|Z1MBIRES
RESZELE
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CRSIEEAANDZEH# : MAT_CONT

| Csksksk
| Gk
| Cokskx
1C

MAT_CON1

subroutine MAT_CON1
use pfem util
implicit REAL*x8 (A-H, 0-2)

allocate (index(0:N))
index= 0

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

NPLU= index (N)
allocate (item(NPLU))

do i=1, N
do k=1, INLUC(i)
kk = k + index(i-1)
i tem (kk) = TALU (i, k)
enddo
enddo

deal locate (INLU, IALU)
end subroutine MAT _CONT

NLIEHIEOFRE
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E{RILE

program heat3D

use solverli
use pfem_util

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

cal| INPUT_CNTL
cal | INPUT_GRID

cal| MAT_CONO
cal | MAT_CON1

call MAT_ASS_MAIN
call MAT_ASS_BC

call SOLVET11
call OUTPUT_UCD
end program heat3D
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MAT ASS MAIN : &{&x#Enrk

do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
HORESR BE) 1251 5RIREEL,
BLUZD TEBREER] ITET5MHDEH
enddo
enddo
enddo

do icel= 1, ICELTOT
SETMMDERZREMN D, AIABNRICEITSH, MKERD 2FERR] I2EF5M5,
BLUVYaET U ZEHEH (JACOBI)

do ie= 1, 8
do je= 1, 8
RERES ip, jp
A pDitemlZHIFH7 FL R : kk

do kpn=1, 2 ;
do jpn=1, 2
do ipn=1, 2
EXBO>ERTIBDHTHE, 2&KTIHI~NDRLIH
enddo
enddo
enddo
enddo
enddo
enddo

O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|0|@|O |0 |+
O|0|0|0|0|0|0|0
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%2175 : MAT_ASS MAIN (1/6)

IC
| Goksksk

[ Ckkx MAT_ASS_MAIN

I Gk
1C

subroutine MAT_ASS_MAIN
use pfem util

implicit REAL*8 (A-H, 0-2)
integer (kind=kint), dimension( 8) :: nodLOCAL

allocate (AMAT (NPLU))

allocate (B(N), D(N), X(N))

AMAT= 0. d0
B=0.d0
X=0.d0
D= 0.d0

WEI (1
WET (2

POS (1
POS (2

)
)
)
)

+1..0000000000D+00
+1..0000000000D+00

-0. 5773502692D+00
+0. 5773502692D+00

FEH1TH GEFENAMS)
21ANT FIL
REBAT KL

FHITH HAES)
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%z01751 : MAT_ASS_MAIN (1/6)

| Coksksk
| Goksksk
| Goksksk
IC

MAT_ASS_MAIN

subroutine MAT_ASS_MAIN

use pfem util

implicit REAL*8 (A-H, 0-7)

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

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

AMAT= 0. dO0

B=0.d0
0.d0
0.d0

+1. 0000000000D+00
+1. 0000000000D+00

—0. 5773502692D+00
+0. 5773502692D+00

nodLOCAL

POS :
WET:

ol

P
¥ g
e

ez
(it 4 (1, 1)
o 3
(=1, —1) (1, —1)
BHE+ a EAHEKRW

0.57735 02692 1.00000 00000
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R%1T5 - MAT_ASS_MAIN (2/6)

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

IC— INIT.
IC
IC PNE -
IC PNT -
IC
do kp=1, 2
do jp=1, 2
do ip=1, 2
QP1=1.d0
QM1=1.d0
EP1=1.d0
EM1=1.d0
TP1=1.d0
TM1=1.d0
SHAPE (ip,
SHAPE (ip,
SHAPE (ip,
SHAPE (ip,
SHAPE (ip,
SHAPE (ip,
SHAPE (ip,

SHAPE (ip,

+

+

+

jp,
jp,
jp,
ip,
ip,
ip,
ip,
jp,

POS (ip)
POS (ip)
POS (jp)
POS ( jp)
POS (kp)
POS (kp)

kp, 1)= 08th
kp, 2)= 08th
kp, 3)= 08th
kp, 4)= 08th
kp, 5)= 08th
kp, 6)= 08th
kp, 7)= 08th
kp, 8)= 08th

* QM1
* QP1
* QP1
* QM1
* QM1
* QPT
* QPT
* QM1

* EMT
* EMT
* EPT
* EPT
* EMT
* EMT
* EPT
* EPT

* TM1
* TM1
* TM1
* TM1
* TP1
* TP1
* TP1
* TP1
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R%1T5 - MAT_ASS_MAIN (2/6)

IC— INIT.

IC
IC
IC
IC

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

PNE
PNT

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

QP1=
QM1=

EM1=
TPI=
M=

, 2

2

, 2

SHAPE (ip,
SHAPE (ip,
SHAPE (ip,
SHAPE (ip,
SHAPE (ip,
SHAPE (ip,
SHAPE (ip,
SHAPE (ip,

jp,
jp,
jp,
ip,
ip,
ip,
ip,
jp,

kp
kp
kp
kp
kp
kp
kp
kp

1.d0 + POS(ip)
1.d0 - POS(ip)
EP1= 1.d0 + POS(jp)
1.d0 - POS(jp)
1.d0 + POS (kp)
1.d0 - POS (kp)

, 1)=08th
,2)= 08th
,3)= 08th
,4)= 08th
,5)= 08th
,6)= 08th
, 1)= 08th
,8)= 08th

* QM1
* QP1
* QP1
* QM1
* QM1
* QPT
* QPT
* QM1

* EMT
* EMT
* EPT
* EPT
* EMT
* EMT
* EPT
* EPT

* TM1
* TM1
* TM1
* TM1
* TP1
* TP1
* TP1
* TP1

QP1(i)=(1+¢), QMi(i)=01-¢)
EPI(j)=(1+7,). EMI(j)=(-7)
TP1(k)=(1+¢,), T™™I(k)=(1-¢,)
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MAT_ASS MAIN (2/6)

1st-order derivative of shape function by QSI
1st-order derivative of shape function by ETA
1st-order derivative of shape function by ZET

IC
IC— INIT.
IC PNQ -
IC PNE -
IC PNT -
IC
do kp=1, 2
do jp=1, 2
do ip=1, 2
QP1= 1.d0 + POS (ip)
QM1= 1.d0 - POS (ip)
EP1=1.d0 + POS(jp)
EM1= 1.d0 - POS(jp)
TP1=1.d0 + POS (kp)
TM1= 1.d0 - POS (kp)
SHAPE (ip, jp, k

P,
SHAPE (ip, P,
SHAPE(ip ip, kp,
SHAPE (ip, jp, kp,
SHAPE (ip, jp, kp,
SHAPE (ip, jp. kp,
SHAPE (ip, jp, kp,
SHAPE(ip ip, kp,

0
0
0
0
0
0
0
0

N’ N/ N N NN NN

OC)\IC)’C)'I-hCADI\)—L

8th * QM1 * EM1 * TM1
8th * QP1 * EM1 * TM1
8th * QP1 * EP1 * TM1

8th * QM1 * EM1 * TP1
8th * QP1 * EM1 * TP1
8th * QP1 * EP1 * TP1
8th * QM1 * EP1 *x TP1

(_1’+1’+1) (+1,+1,+1)
(1-1.+1) (+1,-1,+1)
(-L+1,-1)]
8th * QM1 % EP1 % TMi p . (+1,4+1,-1)
(&7.8)=(-1-1-1) (+1,-1.-1)
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REATF] - MAT_ASS_MAIN (2/6)

1C— INIT.
1C PNQ - Tst-order derivative of shape function by QSI __J; _ _ _
N e ey g NERO=gl-d-nli-0
' 1
go Kp: 1, 2 N2(é:7777;):_(l+§)(l_n)(l_;)
o jp=1, 2 8
do ip=1, 2 1
o pe o N1, = (L )l+n)i=¢)
EP1= 1.d0 + POS(jp)
R R :
THi= 1.d0 — POS (kp) N4(§a77af):g(l—f)ﬁ“?)(l—;)

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

Py - 1
SIAPE (1. 1o Kb, &)= 03th » QM » EP1 * iﬂi Ns(§.m.8) = (1=¢)1-n)i+¢)
*

SHAPE (ip, jp, kp, 5)= 08th * QM1 * EMI
SHAPE (ip, jp, kp, 6)= 08th * QP1 * EM1 * TP1

ip, J = * * * 1
SHAPE (1o 1o 8= Oth = Ot P » TP1 No(&1.6) =21+ 8)1=n)1+)
1
N, (6.8 = o L+ SN+

NG 0= (1= ENin)i+()
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%27

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

enddo

enddo

enddo

do icel= 1, ICELTOT
CONDO= COND

in1= ICELNOD (icel, 1)
in2= ICELNOD (icel, 2)
in3= ICELNOD (icel, 3)
in4= ICELNOD (icel, 4)
inb= ICELNOD (icel, 5)
in6= ICELNOD (icel, 6)
in7= ICELNOD (icel, 7)
in8= ICELNOD (icel, 8)

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)=%—A;(§=é,f7=n,-,§=é”k)
PNE(i,k>=%<f=é‘,-,f7=m,§=é“k)
PNT (i, j)= ;(‘f G =1;¢ =¢0)
5<§,nj,;k>=—1(1—nj)(1—:k)
B;Z;(é,n,,fk) e ( -n,J1-¢,)
aaNg<fi,n,.,§k>=+§(1+n,.)(1—;k)
aaN;<f,.,n,.,;k>=—§(1+nj)(1—§k)

(&.1,,¢,) 1261+ R R EH D — B35
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175 -

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

enddo

enddo

enddo

do icel= 1, ICELTOT
CONDO= COND
in1= ICELNOD (icel, 1)
in2= ICELNOD (icel, 2)
in3= ICELNOD (icel, 3)
in4= ICELNOD (icel, 4)
in5= ICELNOD (icel, 5)
in6= ICELNOD (icel, 6)
in7= ICELNOD (icel, 7)
in8= ICELNOD (icel, 8)

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

X X % X X % X X

MAT_ASS MAIN (3/6)

M
TM
M1
TM
TP1
TP1
TP1
TP1
M
M
M
M
TP1
TP1
TP1

(&n.¢)

(-1,+1,+1)

(-1,-1,+1)

(-1,+1,-1)

(+1L+1,+1)

(+1,-1,+1)

(-1,-1,-1)

/

k=1

(+1,-1,-1)
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2o go o

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

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

Y8= XYZ(in8

in
in2
in3
in4
in6
in/
in8

L N Sl Wl NS T WL T W N N S N e Wl g

ind 8’Erﬁ"“0)§ﬁ II\\%%

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

Z1= XYZ(in1
£2= XYZ(in2
Z3= XYZ(in3
Z4= XYZ(in4

Z5= XYZ(inb,
26= XYZ(in6,
Z1= XYZ(in7,
Z8= XYZ(in8,

call JACOBI

, 3)

. 3)
' 3)

(DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
1, 72, 73, 74,

PNT, PNX, PNY, PNZ,

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

(—L+1,+1)

= L= 1)

(€.7.0)=(1-1-1)

Qo o o

(+1,+1,+1)

/

(-L+1,-1)

(+1,-1,+1)

(+1,+1,-1)

/

(+1,-1,-1)
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Qo go o

nodLOCAL (1)
nodLOCAL (2)
nodLOCAL (3)
nodLOCAL (4)
nOdLOCAL(5§

)

ini
in2
in3
in4
inb
N6
in/
N8

nodLOCAL (6
nodLOCAL (7
nodLOCAL (8)

X1= XYZ (in1, 1
X2= XYZ(in2, 1
X3= XYZ(in3, 1
X4= XYZ (in4, 1
X5= XYZ (inb, 1
X6= XYZ(in6, 1
X7= XYZ(in7, 1
X8= XYZ(in8, 1
Y1= XYZ(in1, 2
2
2
2
2

Y2= XYZ(in2,
Y3= XYZ(ing,
Y4= XYZ(in4,
Y5= XYZ(inb,
Y6= XYZ(in6, 2)
Y7= XYZ(inl, 2)
Y8= XYZ(in8, 2)

iR DYEEAR

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

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

call JACOBI (DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
11, 72, 73, 74,

8E1 R D ZHELR

PNT, PNX, PNY,
X5, X6, X7, X8,
Y5, Y6, Y/, Y8

PNZ,

75 76, 77 78")

(—L+1,+1)

= L= 1)

(+1,+1,+1)

/

(-L+1,-1)

(+1,-1,+1)

(+1,+1,-1)

(€.7.0)=(1-1-1)

Q0 o o

/

(+1,-1,-1)
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2o go o

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

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

Y8= XYZ(in8
QVC= 08th =*

Z1= XYZ(in1,
£2= XYZ(in2,
Z3= XYZ(in3,
Z4= XYZ(in4,
Z5= XYZ(inb,
26= XYZ(in6,
Z1= XYZ(in7,
Z8= XYZ(in8,

call JACOBI

= inl
= in2
= in3
= ind
= ind
= in6
= in/
= in8

1)

1)

s

) 8EN s D XPEEZ
1)

1)

2)

:

2 S A DY EEAE
2)

2)

2)

'(X1+X2+X3+X4+X5+X6+X7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+YT7+Y8)

3)

(DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
1, 72, 73, 74,

PNT, PNX, PNY, PNZ,

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

u:?g c{ﬂMﬂﬂ
(_ 1’_1’+1) (+ 1,—1,+1)

(-1+1,-1)|

(+1,+1,-1)

/ /

(+1,-1,-1)

oT

(&.7.$)=(-1-1-1)
0 (ﬂaT}r 0 ﬂaT s 0 (/1
ox\_ odx) dyl 9dy ) oz
Q(x, Y, z) = QVOL‘xC + yc‘

AREBELA-YRBREFIMNME (A vy aDFID
DEERZR x,y,) IZIKHF

aZj+Q(x,y,Z)=0

&
&
&
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2o go o

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

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

QVC= 08th =

Z1= XYZ(in1,
Z2= XYZ(in2,
Z3= XYZ(in3,
Z4= XYZ(in4,
Z5= XYZ(inb,
26= XYZ(in6,
Z1= XYZ(in7,
Z8= XYZ(in8,

call JACOBI

ini
in2
in3
in4
inb
N6
in/
N8

L N Sl Wl NS T W T W N N S N T Wl g

(X1+X2+X3+X4+X5+X6+XT7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)

3)

(DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
1, 72, 73, 74,

PNT, PNX, PNY, PNZ,

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

(—1+1,+1) (+1,+1,+1)
(SL=ltl) (+1-1+1)
(-L+1,-1)]
(+1,+1,-1)
/ /
&.7.¢)=(-1-1-1) (+1,~1,~1)

3 (., 3(,or) a(,dT)
p p p 3,2)=0
ax( axj+ay( ayj+az( azj+Q(”Z)

O(x,y,z)=QVOL|x. +y,]|

QVC = ‘xc + yc‘

Qo o o
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Qo Qo o

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

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

QVC= 08th *

Z1= XYZ(in1,
£2= XYZ(in2,
Z3= XYZ(in3,
Z4= XYZ(in4, 3)
Z5= XYZ(inb,
26= XYZ(in6,
Z1= XYZ(in7,
Z8= XYZ(in8,

call JACOBI

ini
in2
in3
in4
inb
N6
in/
N8

L N Sl Wl NS T W T W N N S N T Wl g

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

3)
3)

(DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
1, 712, 13, 14,

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

Y5, Y6, Y/, Y8,

Z5, 176, 71, 18)

Qo @o o
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JACOBI (1/4)

subroutine JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ,
& X1, X2, X3, X4, X5, X6, X7, X8, Y1, Y2, Y3, Y4 Y5 Y6, Y7, Y8, &
& 71, 72, 73, 74, 75, 16, 71, 18)

IC
IC calculates JACOBIAN & INVERSE JACOBIAN
;8 dNi/dx, dNi/dy & dNi/dz

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

dimension PNQ(2,2,8), PNE(2,2,8), PNT(2 2 8)
dimension PNX(2,2,2,8), PNY(2,2,2 8), PNZ(2,2,2,8)
do kp= 1, 2
do jp=1, 2
do ip= 1 2
PNX (ip. jp, kp, 1)=0. dO
PNX (ip, Jp, kp, 2)=0.d0
PNX Cip, jp, kp, 3)=0. d0
PNX Cip, jp, kp, 4)=0. d0
PNX Cip, jp, kp, 5)=0. d0
PNX Cip, jp, kp, 6)=0. d0
PNX Cip, jp, kp, 7)=0. d0
e
1D, JP, KP, 1)=V.
PNY (ip. Jo. kp, 2)=0. d0 AH oN, dN, oN, N )(1=1~8)
PNY (ip, jp, kp, 3)=0. dO ) ) X5 Y154 =1~
PNY (ip. jp. kp, 4)=0. d0 of " 9an 9l |
PNY Cip, jp, kp, 5)=0. d0
e
1D, JP, KP, /)=V.
PNY (ip. jp. kp. 8)=0. dO dON, ON, ON,
EN%E!D,JD,KD'BZSISS Il::lljj a ’ a ? a ’det“]‘
1D, JP, KP, £)=V.
PNZ (ip. Jp_ kp. 3)=0. dO X0y o0z
PNZ Cip, jp, kp, 4)=0. d0
e 0
1D, JP, Kp, 0)=V.
PNZ Cip, jp, kp, 7)=0. d0 = AN 1 1 _—-
BB e 557 R(Ip,ip.kp)ICH T HIE
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BAREEZERIZE T HRMES (1/4)

s BT DERAKIYLUTDEDIZES :
ON,(£7,£) _ N, dx AN, dy ON, oz

= +
0F ox 0F  Jy 9E 9z OF
ON(£7.{) _ON, dx N, 3y _ N, 0z
on ox 877 dy 877 dz dn
aN,.(g,n,g):aNi 8x+8N By ON, 0z
oF ox of 9y of | 9z ¢
ON, N, aN,] . . \
i i i —3=5 LIS 84 [—= ~ R
{ag o a;} FERLYBFEITROLONSHH
N, ON, N, | e smpstEcEETS
ox dy o0z
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- —
g:mr_* $'ﬁj:3(j—é1u
¢« YhM)WYURRTRT B E -
E)N | Ox dy 0z | aNl (aNl.\
of | |9& 9 I || ax Ox
ON dx dy dz ||9IN, ON .
4 LY = 9 l >=[J]< l
on an on on || dy dy
oN, dx dy 9z ||dN, oN,
o¢) |o¢ a¢ ac)la)  lac.
_Jll J12 J13_
[]]: Sy Jn I
Jo Jy J

31

32 33

120

Mo (2/4)

[/]: YIEDTRIOR
(Jacobi matrix
Jacobian)
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BABZERICE T HRMS (3/4)
-N@ ;uﬁﬁfwané

N, &N,
G PRI SRS Sy ok
oN

=1
8

]”‘af‘acf(i_lN"Zv 258"
A e
a5 2 2
R A R i o P %2
S G
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JACOBI (2/4)

DETERMINANT of the JACOBIAN

IC
10=

FEM3D

cPocPoPod oJocPodod oJoJodod oFododod oFIododod oFododed

coggogo ggogg gggog Sggags ag9sgg ggagsg

e ST SN SE eSS NE NNNNE NN N~ N
o000 0000 o000 oo0oo oO0o0o0oS ogogo
s S S ) I s —o—o—o— 9= o—o—0¢ =
N N/ N N N N N N N/ SN N N N S S
Coo0c CcOoOcCc COCOOC Wil Wil Ll
S =22 222 === 2= —====
O0onono Oooono Aonoao Aooo aoonooao oooo
++++ ++++ +++4+ ++++ A+ o+
—MOOMN =MW~ —®MOM~ — MO~ —MWO~ — MW~

XXX >>>>> NNNN XXX >>>> NNNN

oFoPodod oJocdoPdod oFododoed oFodoIod oFIoFoIod oFoIodod
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dXdT =
& +
& +
& +
& +
dYdT =
& +
& +
& +
& +
dZdT =
& +
& +
& +
& +
DETJ (ip, jp,
&
&

IC

PNT Cip, jp, 1) * X1 + PNT (ip,
PNT Cip, jp, 3) * X3 + PNT (ip,
PNT Cip, jp,5) * X5 + PNT (ip,
PNT (ip, jp, 7) * X7 + PNT (ip,
PNT (ip, jp, 1) * Y1 + PNT (ip,
PNT (ip, jp, 3) * Y3 + PNT (ip,
PNT (ip, jp,5) * Y5 + PNT (ip,
PNT (ip, jp, 7) * Y7 + PNT (ip,
PNT Cip, jp, 1) * Z1 + PNT (ip, j
PNT (ip, jp, 3) * Z3 + PNT (ip, |
PNT (ip, jp,5) * Z5 + PNT (ip, j
PNT (ip, jp, 7) * Z7 + PNT (ip, j

JACOBI (3/4)

ip,
ip,
ip,
ip,

ip,
ip,
ip,
, 8)

,2)
4
, 6)
,8)

kp)= dXdQ* (dYdE*dZdT-dZdExdYdT) +
dYdQ+ (dZdE+dXdT-dXdExdZdT) +

2)
4)
6)
8)

2)
4)
6)

dZdQx* (dXdExdYdT-dYdE*dXdT)

IC== INVERSE JACOBIAN
coef= 1.d0 / DETJ (ip, jp, kp)

all=
al2=
al3=

a2l=
a22=
a23=

adl=
a32=
al33=

coef
coef
coef

coef
coef
coef

coef
coef
coef

*
*
*

k
k
k
*

*
*

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

)
( dZdE*dXdT — dXdExdZdT )
( dXdQ*dZdT - dZdQ*dXdT )
( dZdQ*dXdE — dXdQ*dZdE )
(

dXdExdYdT — dYdExdXdT )
( dYdQ#dXdT — dXdQ*dYdT )
( dXdQ*dYdE - dYdQ*dXdE )

DETJ (ip, jp, kp)= dabs (DETJ(ip, jp, kp))

* X2
* X4
* X6
* X8

* Y2
* Y4
* Y6
* Y8

* /2
* /4
* /6
* /8

ROoEooRo QOROEORO OO Qoo

@o o

7]

~ SN <

11

21

31

~ S <

12

22

32
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<

13

<

23

<

33
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BAREZERICE T RS (4/4)

+ O TTRDEDICEMAZHETES
- XYIAE7>Y B3x3175) DFETHZERDS

oN,) [ax oz | [aN,) (N
dx & 95 d&| | IS d$
<8Ni>: ox dy 0z 4%>:[‘]]—1<%¥
dy dr7 dn  dn | | 9N a7
dN, dx dy 0z oN, oN,
L0z ) [9df d¢ 9¢ ] (94 ) | d¢
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IC
iC==

RORORORO  QORORORO QOO RO QRO

go o

dXdT =
+
+
+
+
dYdT =
+
+
+
+
dZdT =
+
+
+
+
DETJ (ip, Jjp,

INVERSE JACO

PNT (ip, j
PNT (ip, J
PNT (ip, J
PNT (ip, J

PNT (ip, J
PNT (ip, J
PNT (ip, J
PNT (ip, J

PNT (ip, j
PNT (ip, J
PNT (ip, jp,
PNT (ip, J

JACOBI (3/4)

* X1
* X3
* X5
* X7

* Y1
* Y3
* Yh
* Y7

* /1
* /3
* /b
*x /]

++ + +

+ + + +

++ + +

PNT (ip,
PNT (ip,
PNT (ip,
PNT (ip,

PNT (ip,
PNT (ip,
PNT (ip,
PNT (ip,

PNT (ip, j
PNT (ip, J
PNT (ip, J
PNT (ip, J

kp)= dXdQ* (dYdE*dZdT-dZdExdYdT) +
dYdQ* (dZdExdXdT-dXdExdZdT) +

ip,
ip,
ip,
ip,

ip,
ip,
ip,
, 8)

,2)
4
, 6)
,8)

2)
4)
6)
8)

2)
4)
6)

dZdQx (dXdExdYdT-dYdE*dXdT)

BIAN

coef= 1.d0 / DETJ(ip, jp, kp)

( dYdExdZdT - dZdE*dYdT
( dZdQxdYdT - dYdQ+dZdT
( dYdQxdZdE - dZdQ+dYdE

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

a21= coef *
a22= coef *
a23= coef *

a31= coef *
a32= coef *
a33= coef *

( dZdExdXdT - dXdE*dZdT

( dZdQ*dXdE - dXdQ*dZdE

dXdExdYdT — dYdExdXdT

)
)
)
)
( dXdQ*dZdT - dZdQ*dXdT g
)
)
)

(
( dYdQxdXdT - dXdQ*dYdT
( dXd@xdYdE - dYdQ+dXdE

DETJ (ip, jp, kp)= dabs (DETJ(ip, jp, kp))

* X2
* X4
* X6
* X8

* Y2
* Y4
* Y6
* Y8

* /2
* /4
* /6
* /8

ROoEooRo QOROEORO OO Qoo

@o o
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IC

IC== set the dNi/dX,

PNX (ip,
PNX (ip,
PNX (ip,
PNX (ip,
PNX (ip,
PNX (ip,
PNX (ip,
PNX (ip,

PNY (ip,
PNY (ip,
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,

enddo
enddo
enddo

jp,
ip,
ip,
jp,
jp,
jp,
jp,
jp,

jp,
ip,
jp,
jp,
jp,
jp,
jp,
jp,

jp,
jp,
jp,
jp,
jp,
jp,
jp,
ip,

kp,

O~ OCTIRWN— O~ OCTIhwWN—

O~JOOOCTIRWN—

N
)
)
)
)
)
)
)
)
)
)
,3)
,4)
)
)
)
)
)
)
)
)
)
)
)
)

JACOBI (4/4)

dNi/dY & dNi/dZ components
al1xPNQ (jp,
al1xPNQ (jp,
al1xPNQ (jp,
al1xPNQ (jp,
al1%PNQ (jp,
al1%PNQ (jp,
al1xPNQ (jp,
al1xPNQ (jp,

a21xPNQ (jp,
a21xPNQ (jp,
a21%PNQ (jp,
a21%PNQ (jp,
a21%PNQ (jp,
a21%PNQ (jp,
a21xPNQ (jp,
a21xPNQ (jp,

a31xPNQ (jp,
a31xPNQ (jp,
a31xPNQ (jp,
a31%PNQ (jp,
a31%PNQ (jp,
a31xPNQ (jp,
a31xPNQ (jp,
a31xPNQ (jp,

1) + al2«PNE (ip,
. 2) + al2«PNE (ip,
. 3) + al2+PNE (ip,
. 4) + al2«PNE (ip,
. 5) + al2«PNE (ip,
,6) + al2«PNE (ip,
. 7) + al2*PNE (ip,
. 8) + al2*PNE (ip,
1) + a22+PNE (ip,
. 2) + a22*PNE (ip,
. 3) + a22*PNE (ip,
. 4) + a22+PNE (ip,
. 5) + a22+PNE (ip,
,6) + a22+PNE (ip,
1) + a22*PNE (ip,
. 8) + a22*PNE (ip,
1) + a32+PNE (ip,
. 2) + a32*PNE (ip,
. 3) + a32*PNE (ip,
. 4) + a32+PNE (ip,
. 5) + a32+PNE (ip,
,6) + a32*PNE (ip,
. 7) + a32*PNE (ip,
. 8) + a32+PNE (ip,
( N B
ox
N,
% > =
dy
N,
u aZ J |

kp, 1) + al3*PNT (ip,
kp, 2) + al3*PNT (ip,
kp, 3) + al3*PNT (ip,
kp, 4) + al13%PNT (ip,
kp,5) + al3*PNT (ip,
kp, 6) + al3*PNT (ip,
kp, 7) + al3#PNT (ip,
kp, 8) + al3#PNT (ip,
kp, 1) + a23*PNT (ip,
kp, 2) + a23*PNT (ip,
kp, 3) + a23*PNT (ip,
kp, 4) + a23*PNT (ip,
kp, 5) + a23*PNT (ip,
kp, 6) + a23*PNT (ip,
kp, 7) + a23*PNT (ip,
kp, 8) + a23*PNT (ip,
kp, 1) + a33*PNT (ip, j
kp, 2) + a33*PNT (ip, jp,
kp, 3) + a33*PNT (ip, j
kp, 4) + a33*PNT (ip, j
kp, 5) + a33*PNT (ip, j
kp, 6) + a33*PNT (ip, j
kp, 7) + a33*PNT (ip, |
kp, 8) + a33*PNT (ip, j
ox dy Oz
0 dg 0J¢
ox dy 0z
danp  dn  dn
ox dy 0z
Jd¢ 9¢ d¢ |

jp,
ip,
ip,
ip,
ip,
ip,
jp,
ip,

jp,
ip,
ip,
ip,
ip,
ip,
jp,
ip,
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AR%175 - MAT_ASS_MAIN (5/6)

IC== CONS
d

d

TRUCT the GLOBAL MATRIX
oie=1, 8

ip = nodLOCAL (ie)
oje=1, 8

jp = nodLOCAL (je)

kk= 0

if (jp.ne.ip) then

i iS= index(ip-1) + 1

iiE= index(ip )
do k= iiS, iiE
if (item(k).eq. jp ) then
kk= k
exlit
endif
enddo
endif
(- 1,+? Gﬂ (+1,+1,+1)
(-1-1+1) (+1,-1,+1)
(-1,+1,-1)
A=)
/ /
(é:’ 777 ;): (_ 17_17_1) (+ 1,_1,—1)

EXTH D IEX AR5
A

ip,Jjp

kk:itemlZHIFTEHTERL R

1p= nodLOCAL(1e)
jp= nodLOCAL(e)
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FRILN)O X 8xX81T5

FEM3D

\&i
= S
2K 2K 2K K 2K QK QN
O10]0]0]0]|0|0]|0
~O00@ 00000
010|0|0|0|0|0|0
O10]0]0]0]0]0]|0
010|0|0|0|0|0|0
010|0|0|0|0|0|0
O10]0]0]0]0]0]|0
010|0]0]0]|0|0]|0

(+1,-1,-1)

(€.7.0)=(1-1-1)
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AR%175 - MAT_ASS_MAIN (5/6)

IC== CONSTRUCT the GLOBAL MATRIX
do ie= 1, 8
ip = nodLOCAL (ie)
do je=1, 8
jp = nodLOCAL (je)

ild1§: ((J)p ne. ip) then ZRVMIVR (ie~je)
B Indextin ) EHEIMIIR G ~j) DR
doi¥=(|=§émk&§ eq. jp ) then
kk=k kk:item|ZEFHT7FL R

exit
endif
enddo
endif

(—1,+? 6ﬂ(+1,+1,+1)
L) (r1mt1)

(-1+1,-1)|

/ /
(&.1.$)=(=1,-1,-1) (+1,-1,-1)

=1




%475 - MAT ASS MAIN (6/6)

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

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

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

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

SHi= SHAPE (ipn, jpn, kpn, ie)
QVO0= QVO + SHi * QVOL * coef
enddo
enddo
enddo

if (jp.eq.ip) then
D(ip)= D(ip) + COEFi j
B(ip)= B(ip) + QVOxQVC

else
AMAT (kk) = AMAT (kk) + COEFi j
endif
enddo
enddo

enddo +1+1+]
ON. ON ON. ON ON. ON .
return ﬂv ﬂ« ﬂv : 4 d J d d d
: j'” ox OoOx dy dy Jz 0z etané’

end
—1-1-1
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%2175 : MAT_ASS MAIN (6/6)

Qv0 = 0.d0
COEFi j= 0.d0
do kpn= 1,
do jpn= 1,
do ipn=1

NPNDN

coef= débs(DETd(ipn,jpn,kpn))*WEI(ipn)*WEI(jpn)*WEI(kpn)

PNXi= PNX (ipn
PNYi= PNY (ipn
PNZi= PNZ (ipn

PNX j= PNX (ipn
PNY j= PNY (ipn
PNZj= PNZ (ipn

, Jpn, kpn, ie)
, Jpn, kpn, ie)
, jpn, kpn, ie)

, jpn, kpn, je)
, jpn, kpn, je)
, Jpn, kpn, je)

COEFi j= COEFij + coef * GONDO *

& (PNXi*PNX j+PNY i *PNY j+PNZ i*PNZ j)
SHi= SHAPE (ipn, jpn, kpn, ie)
Q0= QVO + SHi * QVOL * coef HoHl ]
b 1=[ [ [f&n.$ déinds
enddo 1 -1 4
if (jp.eq.ip) then L M N
D(ip)= D(ip) + COEFij — w.-w Mg n I
B05= 8013 * Gl OIS TRIRA KNS
eAﬁﬁT(kk): AMAT (kk) + COEFi j
endif
enddo
83ddo
enado +1+1+1
ON.ON. _ON.ON, _oN.ON,
return J-J‘J- A— Ly — Ly A— / det‘]‘ &dndl
end hYl ox ox dy dy dz 0z
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MAT_ASS_MAIN (6/6)

do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
coef= dabs (DETJ (ipn, jpn, kpn) ) *#WEI (ipn) #WEI (jpn) *WEI (kpn)

PNXi= PNX (ipn, jpn, kpn, ie) f=w -w W -detl7(E.7 .
PNYi= PNY (ipn, jpn, kpn, ie) co¢ ik e‘ & ¥ gk}

PNZi= PNZ(ipn, jpn, kpn, ie) ep—m—
I= 1.0 dédnd
PNXj= PNX (ipn, jpn, kpn, je) f f [ £&m.0) agnag

PNYj= PNY (ipn, jon. kpn, je) L ow
PNZj= PNZ(ipn, jpn, kpn, je) Y Y[W W, W, f(g,qj,gk)]
pry j=1 k=l
COEFi j= COEFij + coef * CONDO * (PNXi*PNXj+PNYi*PNY j+PNZi*PNZ )
enddo
enddo
enddo

ON, ON

+
dy dy
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MAT ASS_MAIN (6/6)

do kpn=1, 2
do jpn=1, 2
do ipn=1, 2

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

PNXi= PNX (ipn,
PNYi= PNY (ipn,
PNZi= PNZ(ipn,

PNX j= PNX (ipn,

PNY j= PNY (ipn,
PNZj= PNZ(ipn,

COEF 1 j= COEF1) +

enddo
enddo
enddo

jpn,
jpn,
Jpn,

jpn,
Jpn,
Jpn,

kpn, ie)
kpn, ie)
kpn, ie)

kpn, je)
kpn, je)
kpn, je)

ON, ON
_I_
dy dy

coef =W, -W.-W, det‘ﬂéﬂ?y@}

=] [ [reng s

-y % Y[W W, W, £, E0)]

=1 =1
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%2175 : MAT_ASS MAIN (6/6)

0
0
2
5
coef= dabs (DETJ (ipn, jpn, kpn) ) *WEI Cipn) *WEI (jpn) *WEI (kpn)

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

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

& PO GORT +(Igﬁ)%1i:*;N)(€?EB(I\)IYT*PNY J+PNZi*PNZ ) _kl-jJ (i, j=1 --8)
SHi= SHAPE (ipn, jpn, kpn, ie) J
_ QV0= 0V + SHI" QUL coef olololololololole
endds olololo|o|o|olo]e
inggﬁgqbi(%)tEe?}OEFij il O|O|O|10|O0|0|@|O|®
e?éép): B(ip) + QVO*QVC O|O0|0|0|O0|0|0|0|| @
AMAT (kk)= AMAT (kk) + COEFi j O0|0|0|0|0|0|0|0||®
enddo ololololololo|o]e
enddo. olololelololo|o|e
return Ol1O0|O0|O0|10|0|0|0||®

end
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ZRE1TH -

Q0 = 0.d0
COEFij= 0.d0

do kpn= 1,
do jpn= 1,
do ipn= 1,

NPNDN

MAT_ASS MAIN (6/6)

coef= dabs(DETJ(|pn jpn, kpn) ) *WETI (ipn) *WEI (jpn) *WEI (kpn)

PNXi= PNX (ipn,
PNYi= PNY (ipn,
PNZi= PNZ (ipn,

PNXj= PNX (ipn,
PNY j= PNY (ipn,
PNZj= PNZ(ipn,

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

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

enddo
enddo
enddo

jpn,
jpn,
jpn,

jpn,
jpn,
Jpn,

|f (jp.eq. ip) then
D(ip)= D(ip) + COEFi j
B(ip)= B(ip) + QVOxQVC

endif
enddo
enddo

enddo

return

end

kpn, ie)
kpn, ie)
kpn, ie)

kpn, je)

kpn, je)
kpn, je)

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

k105
19 = | oINT av

={f1

O(x,y,z)=QVOL|x. + y.|

QVC = Xct Y
ovo=[ovoL
\%

N[ av

[FI”=0vo-gvc
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MAT ASS BC : ©{A#K

do i=1, N
(TaUOL) BREBFHRTET HEHREZT—T (IWKX)
enddo

do i=1, N
if (IWKX(i,1).eq.1) then
XIETHEBANY KL B) O, XAEARS D) OESDEE (T - 5 Z |\
do k= index(i—-1)+1, index(i)
XIS DIEZBEMARSD (AVAT) OEDDEE (1T)
enddo T=0@Z=z,,,,
endif
enddo

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

=
>

Mg HHRANY LU, EZFERAMS (AMAT) DS DIEIE (F1) Y
endif /,;X
enddo ' ’
NY
enddo
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EREHE - MAT_ASS BC (1/2)

subroutine MAT_ASS BC
use pfem util
implicit REALx8 (A-H, 0-2)

allocate (IWKX(N, 2))

IWKX= 0

1G

6= Z=Zméx Eim T I —T M [Zmax I THS
“uidn = BRESIC
boe —1 IWKX(in,1)= 1

T i e——
| B ib0).eq. Zmax') exi
enddo SEAC

do ib= NODGRP_INDEX (ib0O-1)+1, NODGRP_INDEX (ib0)
in= NODGRP_ITEM (ib)
IWKX (in, 1)=1

enddo
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EREHE - MAT_ASS BC (2/2)

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

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

do in=1, N
iS= index(in-1) + 1
iE= index(in )
do k= iS, iE
iIT (IWKX(item(k), 1).eq.1) then
AMAT (k)= 0. dO
endif
enddo
enddo

return
end
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MNRET DEE | —RBMcERRE

.

ALY — B3R O

0 oT .
———0— a(ﬂﬂ”

x=0 (x,,;,) X=x
. —HE7  WTEEA, BMEEE)
C PRSI U — R (BRI%Y) (QLOTY) ©
» RREH

— x=0 - 7=0 (EJ:I_E)

= 9T o (Ey)

ox
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x=0TRILYT HAIER
T,=0

ALY — B3R O

0 oT .
———0— a(”ﬁjw—o

.

_
x=0 (x,,,) X=x
. —HRF : BTETEA, BMREE]
o ATEY Y —HRRE (BRINY) QLT 0
. BREH

— x=0 - 7=0 (EJ:I_E)

= T g ()
ox

‘TE%'Z—;XJTEF:.E]%E
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IC

7°I:I7°5A :1d.f(6/6)
— R EH@x=0

IC

IC | BOUNDARY CONDITIONS |

IC 4
| C===

1C

IC— X=Xmin

i= 1
jS= INDEX (i-1)

AMAT (jS+1)= 0. dO
DIAG(i)= 1.d0
RHS (i)= 0.d0

do k= 1, NPLU
if (ITEM(k).eq.1) AMAT (k)= 0.d0
enddo

xt 8 5=

0=0, FExtFHI=0

141
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7175, :1d.f(6/6)

F—RERFHE@x=0

AR D=1, Hi0=0, IEXA[7=0

IC
IC |
IC | BOUNDARY CONDITIONS |
IC |
!C::: T1:O
IC
IC— X=Xmin
i=1
jS= INDEX (i—-1)
£nsy7
AMAT (jS+1)= 0.d0
DIAG(i)= 1.d0
RHS (i)= 0.d0
do k= 1, NPLU
if (ITEM(k).eq.1) AMAT (k)= 0.d0
enddo

B8 —RHRE

142
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7°I:I7°5A :1d.f(6/6)
— R EH@x=0

IC

IC

IC | BOUNDARY CONDITIONS |

IC

|C::: T1:O

0 SfRMS=1, HiD=0, Jextfms=0

IC__ szm|n & 4 »

. N I
i= 1 Iﬁi, tl:'7 )7
jS= INDEX (i-1) O
AMAT (jS+1)= 0.d0 |
DIAG(i)= 1.d0 —
RHS (i)=0.d0 B
do k= 1, NPLU N

if (ITEM(k).eq.1) AMAT (k)= 0.d0 —

enddo B

TR DOAFEER D=6, E—FEIERE

HEEALTWSET RIS T M5 1%,

HBIZBIELTEHET S (SDEEIXIER
AN 02T 51T TRLY)




FEM3D 144

F—REERZHENTAODNSGS

c

1 - " TAIOXFREER DI, F—IEERERE

:3 | BOUNDARY GONDITIONS | HZxERALTWSETRISHET 51517,

0= BBIHRELTHEET S

6 XeXnir I"‘fj :

R Diag .¢. + Amat, ¢,, .. = Rhs
jS= INDEX (i-1) R T :

AMAT (jS+1)= 0. d0
DIAG(i)= 1.d0
RHS (i)= PHImin

do i=1, N
do k= INDEX(i—1)+1, INDEX(i)
if (ITEM(k).eq.1) then
RHS (i)= RHS(i) - AMAT (k) *PHImin
AMAT (k)= 0. d0
endif
enddo
enddo
! C===
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F—REERZHENTAODNSGS

G
1C - 4= s
T DOXAFEZRDI=0, F—BIERSE
© | s COOITINS | T L B A MG T B BIE
6= RLICHBIELTHEET S
6 Yo !
| i= 1 Diagj¢j + ZAmatk ¢Item[k]
jS= INDEX (i-1) k=Index[ j—1]+1,k#k,
ANAT (j$+1)= 0. dO = Rhs . —
DIAG(J!): 1.do Rhs ;= Amat, @rony,
A5 ()= Gl = Rhs; — Amat, T, where Item(k ) =1
do i=1, N

do k= INDEX(i—1)+1, INDEX(i)
if (ITEM(k).eq.1) then
RHS (i)= RHS(i) - AMAT (k) *PHImin
AMAT (k)= 0. d0
endif
enddo
enddo
! C===
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EREHE - MAT_ASS BC (2/2)

do in=1, N
it (IWKX(in, 1).eq.1) then IWKX (in, )=1& 72 58T RIC
Sl= ok LTt R=1, HiD=0,
| IET R £ 4=0
igf ingex(in—I) + 1
Jojndex(ip ) “asy7 I M -
AMAT (k)= 0.dO —
enddo |
endif N
enddo -
do in=1, N ]
iS= index(in-1) + 1 N
iE= index(in ) |
do k= iS, iE —
iIT (IWKX(item(k), 1).eq.1) then B
AMAT (k)= 0. dO |
endif ||
enddo L _ e —
| C== enddo uu'—é"bﬁfb\%)h&:b_lkxo)ﬂ#t
| return é(%b%fdﬂa\

end
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EREHE - MAT_ASS BC (2/2)

do in=1, N
if (IWKX(in, 1).eq. 1) then IWKX (in, 1)=1& 7% 5 ETmIC
= w L TR AR =1, Hi0=0,

JEF AR 7=0
iIS= index(in-1) + 1

IE= index(in ) e _
do k= iS, iE HE, N
AMAT (k)= 0. dO ooy ]
enddo |
endif |
enddo -
do in=1, N B
iS= index(in-1) + 1 ||
iE= index(in ) |
do k= iS, iE —
it (IWKX(item(k), 1).eq.1) then ]
AMAT (k)= 0.dO B
endif |
enddo e —
| Q== enddo ;;'G‘Ybofb\%);&%—ﬁjt@ﬂ#t
return ELEHLLLD

end



FEM3D

testl

input_cnt|

AM7Ag5L4

= RITEMEEHE
#r3a— Fheat3D

DRk

HET—52AH

input_grid

Ay aTd7ALILAS

mat_con0

find_node
MRER

F:rﬁll :*’77‘-457‘-4$ﬁq

mat_conl

F:rﬁll :*’77‘-457‘-4$ﬁq

mat_ass _main

mSORT
V—hk

FREATHNER

mat_ass_bc

EREHNE

solvell
S AN WAL Fidl

output_ucd
AR AR

jacobi
a7 R E

Cg
CGEEtHE
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E{RILE

program heat3D

use solverli
use pfem_util

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

cal| INPUT_CNTL
cal | INPUT_GRID

cal| MAT_CONO
cal | MAT_CON1

cal | MAT_ASS_MAIN
cal | MAT_ASS_BC

call SOLVE11
call OUTPUT_UCD
end program heat3D
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SOLVE1

module SOLVER11

contains
subroutine SOLVE11

use pfem util
use solver_CG

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

integer :: ERROR, ICFLAG
character (len=char_length) :: BUF

data ICFLAG/0/

IC
IC + =
%8 | PARAMETERs |
ic:;: |

ITER = pfemlarray (1) CGENmRARE R #
c RESID = pfemRarray (1) CGE MU I EfE
ic
IC + :
{8 | ITERATIVE solver |
ic:;: |

call GG

& ( N, NPLU, D, AMAT, index, item, B, X, RESID, ITER, ERROR )

T ITERactual= ITER

end subroutine SOLVE11
end module SOLVER11
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HIALIE (S R X BECK

Preconditioned Conjugate Gradient Method (CG)

-

Compute r(®= b-[A]x(?

for i= 1, 2, .. o
solve [M]z@ = -1 ﬁﬁmfﬂ : ?‘Tﬁ X’T_U-\/O
. = ri-1 gD
if 1=1

Bi—_1= pi—ll/pi—z

p(l)z Z(l_l) + Bi—l p(l_l)
endif
q¥’= [A]lp
& = p;/PHq®
xW= xE-D 4 g.p@
ri= rd-b — g g
check convergence |z
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XHERA—1)2F, RvaERIALE

« BILETIIELT, LEDITH DR AT DHZHYH
L1=1THIZRTNIERITEI [M] &9 5,

- AR —125, B3k (point-Jacobi) RijALIE
‘D, 0 .. 0 0]
0 D, 0 0
M]=| ...
0 0 D,, 0
0 0 0 D,

e solve [M]z@ D= rE-LE\SIGEIZHITIIZRE
IZTRDBZENTES,
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CGYIL/N\—(1/6)

module solver CG
contains

subroutine CG

& (N, NPLU, D, AMAT, index,

implicit REAL*8 (A-H,
include ’precision.

integer (kind=kint ),
integer (kind=kint ),
real (kind=kreal),

0-7)
inc’

intent(in) :: N, NPLU
intent (inout) ::
intent (inout) :: RESID

intent (inout) :: B, X, D

item, B, X, RESID,

real (kind=kreal), dimension(N) ,
real (kind=kreal), dimension(NPLU),

real (kind=kreal), dimension(:, :),

integer (kind=kint),
integer (kind=kint),
integer (kind=kint),
integer (kind=kint),
integer (kind=kint),

integer (kind=kint )
real  (kind=kreal)

parameter ::
parameter ::
parameter ::
parameter ::

parameter ::

o MAXIT

o TOL, W, SS

ITER, ERROR

al locatable

LONN —

ITER, ERROR)

intent (inout) : : AMAT
integer (kind=kint ), dimension(0:N ), intent(in) ::
integer (kind=kint ), dimension(NPLU), intent(in) ::

I ndex
I tem

cWW
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CG,H? H%’Z%ﬁlﬁ

154

rHE | @3 | H4X N B
N I I Eim#
NPLU I O | EFERAMSHE
D R (N) O | 2RI NIVR  HARS
B, X R (N) O BARY ML
AMAT R (NPLU) O | &KTMIIVR: FEFFEHAARS
index I (0:N) 0 AT M)V R BFITDOEFRERARD
item I (NPLU) 0 ERT R OR HES
ITER I I/0 | CGERERS (1: LB, 0: EEORERE)
RESID R 0 | Rl O RIS L)
MAXIT I - CGERARERE
TOL R - CGEREFBY Y REEELE
WW R (N, 4) - CGET— 7V BLS|
P,Q,R,Z,DD I - WW®DHRF (XY FILID)
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CGYIL/N\—(1/6)

WW (i, 1)= WW (i R)

module solver CG

— {r} Compute r®= b-[A]x()
. _ : for i= 1, 2,
WW(Iy 2) — WW(I7 Z) z {Z} ID’ solve [M] Z(i—]_)= r(i—l)
WW(i,2)= WWdi,Q = {C|} p.,= rUh ZG-1
W (i, 3)= W (i, P) = {p] if i1
WW (i, 4)= WW(i,DD) = 1/{D} pt=
lrrcegelr \NIINuU—niiIiv ), lrreerie\irouut) - - 1I1ILEN, ERRO‘ E_5&
real  (kind=kreal), intent(inout):: RESID B:1= Pi1/Pis
real (kind=kreal), dimension(N) , intent(inout pil= zE-b ¢+ B, . pG-1
real (kind=kreal), dimension(NPLU), intent (inout endif o

integer (kind=kint ), dimension(0:N ), intent(in) , ,
integer (kind=kint ), dimension(NPLU), intent(in) g't’= [A]lp

(xi — pi—l/p(i)q(i)
x (= x{-1 4 g p)

integer (kind=kint), parameter :: R= 1 ri= 4 — o;qt

integer (kind=kint), parameter :: 7= 2 check convergence |r|
integer (kind=kint), parameter :: Q= 2
integer (kind=kint), parameter :: P=3
integer (kind=kint), parameter :: DD= 4

real (kind=kreal), dimension(:,:), allocatable

0]
3
0.

integer (kind=kint ) :: MAXIT
real  (kind=kreal) :: TOL, W, SS
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CGYIL/\—(2/6)

1C
IC +————- +
IC | INIT. |
IC +————- +
! C===
ERROR= 0
allocate (WW(N, 4))
MAXIT = ITER
TOL = RESID
X =10.d0
IC===
IC + =
IC | {r0}= {b} - [A]l{xini} |
1C + =
! C===
do j=1, N

WW(j,DD)= 1.d0/D(j)

WVAL= B(j) — D(j)*X(})

do k= index (j-1)+1, index(j)
i= item(k)
WVAL= WVAL — AMAT (k) *X (i)

enddo

WW(j, R)= WVAL

enddo

WW (i, 1)= Ww(i, R)
WW (i, 2)= Ww(i, 2)
WW(i,2)= WW(i, Q)
WW (i, 3)= WW(i, P)
Ww(i,4)= WW(i, DD)

—) bt e o,
N -
—— ) \np—) \e——)

{44014
~ T O

AT DL (RTLER)
TDEE, BFREZTHEMEN
BN, FOELH[ZHEHR
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FEM3D
IC
I +————— +
IC | INIT. |
I +————— +
|C===
ERROR= 0
allocate (WW(N, 4))
MAXIT = ITER
TOL = RESID
X =0.d0
' e
IC + ‘
IG | {r0}= {b} - [Al{xini} |
IC 4 ‘
|C===
do j=1, N

WW(j,DD)= 1.d0/D(j)

WVAL= B(j) - D(j)*X(j)

do k= index (j-1)+1, index(j)
i= item(k)
WVAL= WVAL - AMAT (k) *X (i)

enddo

WW(j, R)= WVAL

enddo

Compute r(®= b-[A]x(?
for 1= 1, 2,
solve [M]z@ D= -1
P,_,= ri-b zGE-1)
if i=1
pi= 7
else
Bi—lz Pi1/Pis
pi= zE1D ¢ B, p@D
endif
q’= [Alp®
o, = p, . /pPg®
xW= xG1 4+ op@
r= rE- - g,q@
check convergence |r|
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CGYJL/\—(3/6)

BNRM20= 0. d0
do i=1, N

BNRM20= BNRM20 + B (i) **2
enddo

BNRM2= | b | 2

BNRM2= BNRM20 HETINEHEZEH
if (BNRM2. eq. 0. d0) BNRM2= 1.d0
ITER = 0

| C===

do iter= 1, MAXIT
IC
| Cotrokokaksfotrorokoskokototorokokskokokorokokskekokoookkskskokokokkkokokokokkkkkkk - Gon jugate Gradient Iteration

IC

IC + :
IC | {z}= Minv]{r} |
IC + :

' —_—

do i=1, N
WW(i,Z)= WW(i,R) *x WW(i, DD)
enddo

' —_—



FEM3D

IC

| Gokskkskskskskskskskskskokskskoksksksksksksksksksksksksksksk sk sk sk sk sk sk sk sk sk sk sk sk ok ok

1C
IC

CGYJL/\—(3/6)

BNRM20= 0. d0
do i=1, N

BNRM20= BNRM20 + B (i) *x*2
enddo

BNRM2=BNRM20
if (BNRM2. eq. 0.d0) BNRM2= 1.d0
ITER = 0

do iter= 1, MAXIT

1 | {

z}= [Minv] {r} i

IC
!C:::

1C=—=

do i=1, N

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

Compute r(®= b-[A]x()
for 1= 1, 2,
solve [M]z(@ D= pGE-1)
P, ;= rt-l zG-D
if 1i=1
pL= 70
else
Bi1= Pi1/Pis
pil= z{-1 4 B plE-D
endif
qP'= [Alp™
a, = p;,/pHg
x(= x(1 4 o,p)
= rG-1b — o g
check convergence |r|
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1C
IC + !
IC | {RHO}= {r} {z} |
IC + !
!C:::
RHOO= 0. d0
do i=1, N
RHOO= RHOO + WW(i, R)+WW (i, 2)
enddo
RHO= RHOO
' ———
IC + =
IC | {p} = {z} if ITER=1 |

IC | BETA= RHO / RHO1 otherwise |
IC + :

!C:::
if ( ITER.eq.1 ) then
d i=1, N
WW(i,P)=WW(i, 2)
enddo
else
BETA= RHO / RHO1
do i=1, N
WW(i,P)= WW(i,Z) + BETAXWW (i, P)
enddo
endif

1C=—=

Compute r(9= b-[A]x(®
for i= 1, 2,
solve [M]z@ D= rG-1)
Pi_1= r(i-1) 5 (i-1)
if i=1
p(1)= z(o)
else

Bi—1= Pi1/P;i-
p(i)= z(i-1) 4 Bi-l p(i-l)

qP'= [Alp™

o = p;/pHg

x (= xG-1 4 g p
= ri-1 - g g
check convergence |r|
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IC =
16 | {al= [Al{p} |
IC + =
!C:::
do j=1, N
WVAL= D (j)*WW(j, P)
do k= index (j-1)+1, index(j)
i= item(k)
WVAL= WVAL + AMAT (k) *WW (i, P)
enddo
WW(j, Q)= WVAL
enddo
!C:::
IC + :
IC | ALPHA= RHO / {p} {a} |
IC + :
!C:::
G10= 0. d0
do i=1, N
G10= G10 + WW(i, P)+WW (i, Q)
enddo
C1= C10

ALPHA= RHO / C1

Compute r(®= b-[A]x()
for 1= 1, 2,
solve [M]zUG D= rG-1
P, ;= rt-l zG-D
if 1i=1
pL= 70
else
Bi1= Pi1/Pis
pil= z{-1 4 B plE-D
endif
q¥’= [A]lp®
o, = p;,/pPq
x(= x(1 4 o,p)
ri= -1 — o g
check convergence |r|
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IC
IC + = Compute r(9= b-[A]x(®
IC | {x}= {x} + ALPHAx{p} | for i= 1. 2
IG | {r}= {r} - ALPHA*{q} | = S -_1
IC + : solve [M]Z(l ) = r(l )
=== pi_1= r(i_l) Z(i_l)
do i= 1, N e
, if 1=1
X(i) =X (i) + ALPHA * W (i, P) = . o
WW(i,R)= WW(i,R) — ALPHA * WW(i, Q) p= oz
enddo else
! === B _ /
i-1= Pi—1/Pi-2
DNRM20= 0. d0 plil= Z(i-D) 4 B, | pli-D
do i= 1 N | io1
DNRM20= DNRM20 + WW (i, R) **2 endif
enddo giP= [Alp®
DNRM2= DNRM20 _ (i) o (1)
o. = 0.
RESID= dsart (DNRM2/BNRW2) N pl(fil/)p 1
x(N= xGE1 4+ q.p
if (RESID. le.TOL ) exit ril= G- — q.q®
if ( ITER .eq.MAXIT ) ERROR= -300 check convergence |r|
RHO1 = RHO =

enddo
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CGYJL/\—(6/6)

IC

IC + =
IC | {x}= {x} + ALPHA*{p} |
IC | {r}= {r} - ALPHA%{q} |
1C + :
iC:::

do i=1, N
X() =X (i) + ALPHA x WW(i,P)

' —_—

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

DNRM20= 0. d0
do i=1, N
DNRM20= DNRM20 + WW (i, R) *x*2
enddo
DNRM2= DNRM20
RESID= dsqrt (DNRM2/BNRM2)

if ( RESID.le.TOL ) exit
if ( ITER .eq. MAXIT ) ERROR= -300

RHO1 = RHO
enddo

Resid :JDNorm2 B |i’| B |Ax—b|

Compute r(®= b-[A]x()
for 1= 1, 2,

solve [M]z@ D= rG-1)
Pi_ 1= ri-1) - (i-1)
i
if i=1
else
Bi—_l= pi—ll/pi—Z |
p(l): Z(l—l) + Bi_l p(l_l)
endif

o = p;/pHg?

x W= xU-D 4+ o,pd
ri= rd-1 — g gt
check convergence |r]

<Tol

BNorm?2 |b| N |b|
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