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APPENDICES

Appendix A Green’s Theorem

Green’s theorem is presented here. It is very important for finite element 
method. The net result is the replacement of a volume integral, whose integrand 
typically involves second order derivatives, by another volume integral, whose 
integrand now involves only first order derivatives, plus an integral over the surface 
ร that bounds the volume V :

ĵ yV -kVdV = - ĵ kVy ■ VudV + jjk-^-dS . (Al)

Here, ท denotes the outward normal to the surface ร, น is dependent variable, 
and y is a known basis function.

Proof of (Al) can be achieved by starting with the identity

V • yq = Vy • q + yV • q, (A2)

where y is a scalar and q is a vector. Now, integrate over region V:

£v-yqdv= |vy -q d v  + JjV-qdV. (A3)

- wdv = เพ • dS ), the left hand side of
(A2), being the volume integral of the divergence of yq, can be replaced by the 
surface integral of the component of yq normal to the surface:

|yq d s = £vy-qdv+ £yV-qdV. (A4)

from Gauss or divergence theorem ( y
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Here the vector dS has a magnitude equal to the area dS of a surface element 
and a direction the same as the outward normal ท. Let q = - kVu, note that 
Vu - dS = (du/dn)dS, and rearrange to give the desired result:

£ yV ■ kVudV = -  £ kVy • VudV + |yk ̂ - d s . (A5)

The following expansions of the scalar product Vy - Vu will be needed when 
working in the indicated coordinates: rectangular,

dy du du dy
VY' Vu = l b ^ r  + ไ ^ ร ’o x . o x  d y  d y

(A6)

and axisymmetric cylindrical coordinate,

^  „  dy du du dy ,VY-Vu = T T ir + TTT:- (A7)dr or dz dz

Other useful formulas involving integrals of first derivatives in rectangular 
coordinate are,

And in axisymmetric cylindrical coordinate,

r i r % ldV = - l U| dV +l YUn'dS'

i Tf e dV=r i uf H v + l yim‘d s' <A8)
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Figure Al Geometry for proof of equation (A8)

Here, nx, ny, nr, and nz denote the direction cosines between the outward 
normal to ร and the indicated coordinate directions X, y, r, and z.

Proof will be illustrated for the first of equations (A8). Noting that the 
volume element is dv  = 27irdrdz, start with

I ^ I ^ a r d r d z ,  (A9)

and integrate by parts at constant z:

1 = 27tyur dz -  I  |2yur drdz. (A10)

The first term on the right hand side may be rewritten as,

£' 27t(yur)r1dz + £° 27t(yur)r0dz = |yunrds. (A ll)

The last form being obtained by observing that nrdS equals 2^:ridz and 27iTodz 
at the upper and lower limits, respectively. So,
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i = K ^ d v = i i™ 'ds“ J / f d v ' (A|2)

and (A8) is proved.
After setting Y = 1 in (A7) and (A8), the following identities are immediately 

derived,

1
1

| d V = f u M S; ^ d v = | u n , d s ; (A13)

1 a(ur) f  -  - -- - dv = unrdS r dr A r ( ^ d V = |u n ,d S . (A 14)
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Appendix B All Program Interfaces

Figure B1 Form “frmMain”
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Click to 
browse 
data file

Click to figure A3

Figure B2 Form “frmlnput”
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Boundary Information

« < Preview Meshing > »

FEM1 - [Data - C:\My Documenls\eddy\lhesis\FEM_VB_Progiam_Adapt\slug02.txt] UEO O
-__'____—

No. type 1 # of node ฝ่; No. .1 1 3 1 0.0000 -7.50002 1 3 2 1.9000 750003 1 3 .ะ§ 3 3.8000 ■ 750004 1 3 si 4 5.7000 7 50005 1 3 £§ 5 7.6000 ■ 7.50006 1 3 ÜI 6 9.5000 ■ 7.50007 1 3 I§ 7 0.0000 ■ 6.00008 1 3 =|: 8 1.9000 -6 00003 1 3 êls 9 3.8000 ■ 6.000010 1 3 ะ:ะ*;! 10 5.7000 •6000011 1 3 If 7.6000 ■ 6.0000■ 12 1 3 IP 12 9.5000 -6.000013 1 3 l-cj 13 0.0000 ■ 4.500014 1 3 §̂ 14 1.9000 -4.500015 1 3 jj 15 3.8000 •4.5000 ,•]
«U =๒ฝ - T iJJ I Tพ 1! •'

Back to figure A2
V

Click to solve: 
solutions will show 

in figure A4

Figure B3 Form “frmFemWork”
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®' De Edit About ___
“โ:— :—TT—:1Mume.,î .n.” ult~

.OOOE+02

5.000E+01

Cleai PictureStaASiiTfjtate Draw Cont. น Draw mesh
โ18/3/45  "flaïT

F̂EMI - [Result - C:\My Documents\eddy\thesis\FEM_VB_Piogram_Adapl\slugQ2.txtl BBC

V  พClick to set number \ Click to draw \ \ Click to clear out
of constant line to \ \ constant line of พ picture
show in figure A5 \ V dependent variable น \  '

I Graphic I DOPE+02
0.0000
1.3000
3.8000
5.7000
7.6000
9.5000 0.0000
1.9000
3.8000
5.7000 
7 60๓ 
9.50๓ 0.0000
1.9000
3.8000
5.7000 
7.60๓ 
9.50๓ 0.0000
1.9000
3.8000 
5.7๓0
7.6000
9.5000

7.5๓0
7.5000
7.5000
7.5000
7.5000 
7.50๓ •6.00๓ ■ 6.0๓0 -6.0000 -6.00๓ -6 0๓0 ■ 6.0000 
-4 50๓ 
■ 4.5๓0 
■ 4.5๓0 
•4.5000 
■ 4.5๓0 
-4.5000 
•3.0000 
-3 0000 
•300๓ 
•3.0๓0 
-3.0๓0 
-3.0๓0 
■ 1.5๓025 0 00๓L u ...

Click to simulate 
results

(Transient only)
Click to draw 

system meshing

Figure B4 Form “frmResult”
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Default:
line number = 20

Click OK and back 
to figure A4

Figure B5 Form “frmSetpara”
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Appendix c  All Program Source Code for Each Form and Module
C l  S o u r c e  Cod e  o f  Form " f r m M a i n "

P r i v a t e  D e c l a r e  F u n c t i o n  S e n d M e s s a g e  L i b  "บรe r 3 2 "  A l i a s  " S e n d M e s s a g e A "  
(ByVal  hWnd As L o n g ,  ByVal  wMsg As L o ng ,  By Va l  wPa ram  As L o n g ,  ByV al  I P a r a m  

As Any) As Lo ng  
C o n s t  EM UNDO = &HC7

P r i v a t e  Sub  M D IF o rm _ L o a d ()
M e . L e f t  = G e t S e t t i n g ( A p p . T i t l e , " S e t t i n g s " ,  " M a i n L e f t " ,  1 0 00 )
M e.T op  = G e t S e t t i n g ( A p p . T i t l e  1 " S e t t i n g s " ,  " M a i n T o p " ,  1 0 00 )
M e . W i d t h  = G e t S e t t i n g ( A p p . T i t l e , " S e t t i n g s " ,  " M a i n W i d t h " ,  6500 )  
M e . H e i g h t  = G e t S e t t i n g ( A p p . T i t l e , " S e t t i n g s " ,  " M a i n H e i g h t " ,  6500)  
LoadNewWork 

End  Sub

P r i v a t e  Su b  L o ad Ne wW or k ()
S t a t i c  I C o u n t  As Long  
Dim frmD As f r m l n p u t  
I C o u n t  = I C o u n t  + 1 
S e t  f rmD = New f r m l n p u t  
f r m D . C a p t i o n  = "w o rk "  & I C o u n t  
f r m D . Show 

End  Sub

P r i v a t e  Sub  M D I F o r m _ U n l o a d ( C a n c e l  As I n t e g e r )
I f  Me . W i n d o w S t a t e  <> v b M i n i m i z e d  Th en  

S a v e S e t t i n g  A p p . T i t l e ,  " S e t t i n g s " ,  
S a v e S e t t i n g  A p p . T i t l e ,  " S e t t i n g s " ,  
S a v e S e t t i n g  A p p . T i t l e ,  " S e t t i n g s " ,  
S a v e S e t t i n g  A p p . T i t l e ,  " S e t t i n g s " ,

" M a i n L e f t " ,  M e . L e f t  
" M a i n T o p " ,  M e . To p  
" M a i n W i d t h " ,  M e . w i d t h  
" M a i n H e i g h t " ,  M e . H e i g h t

End  I f  
End  Sub

P r i v a t e  Sub  t b T o o l B a r _ B u t t o n C l i c k ( B y V a l  B u t t o n  As M S C o m C t l L i b . B u t t o n )  
On E r r o r  Resume N e x t  
S e l e c t  C a s e  B u t t o n . K e y  

C a s e  "New"
LoadNewWork 

C a s e  " C u t "
m n u E d i t C u t _ C l i c k  

C a s e  "Copy"
mnuEd 1 1 C o p y _ C l i c k  

C a s e  " P a s t e "
m n u E d i t P a s t e _ C l i c k  

End  S e l e c t  
End  Sub

P r i v a t e  Sub  m n u A b o u t A b o u t _ C l i c k () 
f  r m A b o u t . Show v b M o d a l , Me
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End Sub

P r i v a t e  Sub  m n u E d i t P a s t e _ C l i c k ()
On E r r o r  Resum e N e x t
A c t i v e F o r m . r t f T e x t . Se lR T F = C l i p b o a r d . G e t T e x t  

End  Sub

P r i v a t e  Sub  m n u E d i t C o p y _ C l i c k ()
On E r r o r  Resum e N e x t
C l i p b o a r d . S e t T e x t  A c t i v e F o r m . r t f T e x t . S e lR T F  

End  Sub

P r i v a t e  Su b  m n u E d i t C u t _ C l i c k ()
On E r r o r  Resum e N e x t
C l i p b o a r d . S e t T e x t  A c t i v e F o r m . r t f T e x t . S e lR T F 
A c t i v e F o r m . r t f T e x t . S e l T e x t  = v b N u l l S t r i n g  

End  Sub

P r i v a t e  Sub  m n u F i l e E x i t _ C l i c k () 
1 . . .  u n l o a d  p r o g r a m  . . .

U n l o a d  Me 
E nd  Sub

P r i v a t e  Su b  m n u F i l e N e w _ C l i c k () 
On E r r o r  Resum e N e x t  
U n l o a d  f rm F em w o rk  
U n l o a d  f r m l n p u t  
U n l o a d  f r m R e s u l t  
U n l o a d  f r m S e t P a r a  
U n l o a d  f r m S l u g  
LoadNewWork 

End  Sub

C2 S o u r c e  Cod e  o f  Form " f r m l n p u t "

P r i v a t e  Sub  c m d O K _ C l i c k ()
I f  O p t l m p o r t  = T r u e  Th en  

I f  T x t b o x . T e x t  = ""  T h en
MsgBox " ! ! !  P l e a s e  e n t e r  f i l e  name  ( o r  b r o w s e )  o r  s e l e c t  c r e a t e  

d a t a  f i l e . " ,  v b E x c l a m a t i o n  
E l s e

M e . V i s i b l e  = F a l s e  
f  rm F e m w o r k . Show 

End  I f  
E l s e

MsgBox " ! ! ! T h i s  p a r t  i s  n o t  a v a i l a b l e  n o w " ,  v b E x c l a m a t i o n  
End  I f  

End  Sub



W i t h  D l g C o m m o n D i a l o g l
■ D i a l o g T i t l e  = "Open"
. C a n c e l E r r o r  = F a l s e  
• F i l t e r  = " T e x t  F i l e s  | * . t x t "  
. ShowOpen
I f  L e n ( . F i l e N a m e )  = 0 T h en  

E x i t  Sub  
End  I f
s F i l e  = . F i l e N a m e  

End  W i t h
T x t b o x . T e x t  = s F i l e  
M e . C a p t i o n  = s F i l e

End  Sub

Private Sub CmdBrowse_click()

P r i v a t e  Sub  O p t l m p o r t _ c l i c k () 
T x t b o x . E n a b l e d  = T r u e  

End  Sub

P r i v a t e  Su b  O p t C r e a t e _ c l i c k () 
T x t b o x . E n a b l e d  = F a l s e  

E nd  Sub

C3 S o u r c e  Code  o f  For m " frmFemWork"

O p t i o n  E x p l i c i t
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e

ALPHA 0  As D o u b l e  
BCTYPE() As I n t e g e r  
BETA() As D o u b l e  
BNODEO As I n t e g e r  
COORDS As I n t e g e r  
DT As S i n g l e  
E As I n t e g e r  
ELEMS As I n t e g e r  
EMATL() As I n t e g e r  
EPS As D o u b l e  
ES( )  As I n t e g e r  
ETYPE() As I n t e g e r  
F ( )  As D o u b l e  
FVAR As B o o l e a n  
GO  As D o u b l e  
GVAR As B o o l e a n  
I ,  J  As I n t e g e r  
K() As D o u b l e  
KVAR As B o o l e a n  
NBSEGS As I n t e g e r  
NELEMS As I n t e g e r  
ND() As B o o l e a n
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P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e

NNODES As  I n t e g e r  
NODE() As I n t e g e r  
NTOTEL() As I n t e g e r  
PICSCALEX1 As S i n g l e  
PICSCALEX2 As s i n g l e  
PICSCALEY1 As s i n g l e  
PICSCALEY2 As s i n g l e  
PRNTFR As I n t e g e r  
SEGTYPO As I n t e g e r  
SMATL() As I n t e g e r  
SSTATE As B o o l e a n  
SIVAR As B o o l e a n  
S3VAR As B o o l e a n  
TMAX As S i n g l e  
u ( )  As D o u b l e  
U 1 () As D o u b l e  
X () As D o u b l e  
XMAX As D o u b l e  
XMIN As D o u b l e  
Y () As D o u b l e  
YMAX As D o u b l e  
YMIN As D o u b l e

P r i v a t e  Sub  D ra w _ m e s h ( )
' . . .  T h i s  s u b r o u t i n e  i s  t o  d r a w  m e s h  i n  p i c t u r e  b o x  . . .
' 1!  1" ™ r >p « ะ ' 3-™ ™

PICSCALEX1 = XMIN - A b s ( 0 . 0 5  * (XMAX - XMIN))
PICSCALEX2 = XMAX + A b s ( 0 . 0 5  * (XMAX - XMIN))
PICSCALEY1 = (YMIN + YMAX) /  2# - A b s (PICSCALEX1 - PICSCALEX2) /  2#
PICSCALEY2 = (YMIN + YMAX) /  2# + A b s (PICSCALEX1 - PICSCALEX2) /  2#
P i c M e s h . S c a l e  (PICSCALEX1, PICSCALEY1)- (PICSCALEX2, PICSCALEY2)E13 0
PICSCALEY1 = YMIN - A b s ( 0 . 0 5  * (YMAX - YMIN))
PICSCALEY2 = YMAX + A b s ( 0 . 0 5  * (YMAX - YMIN))
PICSCALEX1 = (XMIN + XMAX) /  2# - A b s (PICSCALEY1 - PICSCALEY2) /  2#
PICSCALEX2 = (XMIN + XMAX) /  2# + A b s ( PICSCALEY1 - PICSCALEY2) /  2#
P i c M e s h . S c a l e  (PICSCALEX1, PICSCALEY1)- (PICSCALEX2, PICSCALEY2)

End  I f
I f  COORDS = 1 T h e n  P i c M e s h . S c a l e  (PICSCALEX1, PICSCALEY2) -

(PICSCALEX2, PICSCALEY1)
' . . .  s t a r t  d r a w i n g  l o o p  . . .

F o r  E = 1 To NELEMS
P i c M e s h . L i n e (X(NODE(1, E) ) 1 Y (NODE(1, E) ) ) -

(X(NODE (2, E) ) , Y (NODE(2, E) ) )
P i c M e s h . L i n e (X(NODE (2, E) ) 1 Y (NODE (2, E) ) ) -

(X(NODE (3, E) ) , Y (NODE (3, E) ) )
P i c M e s h . L i n e (X(NODE (3, E) ) , Y (NODE (3, E) ) ) -

(X(NODE(1, E) ) 1 Y (NODE(1, E) ) )
N e x t  E 

End  Sub



P r i v a t e  Sub  C m d B a c k _ C l i c k () 
U n l o a d  Me 
f r m l n p u t . Show 

End  Sub

P r i v a t e  Sub  C m d S o l v e _ C l i c k ()
1 . . .  s t a r t  c a l c u l a t i o n  m o d u l e  & show f r a m e  r e s u l t  . . .

C a l l  C a l c u l a t i o n . M a i n P r o g ( A L P H A ,  BCTYPE, BETA, BNODE, COORDS, DT 
ELEMS, EMATL, EPS, ES,  ETYPE, F,  FVAR, G, GVAR, K, KVAR, 
NBSEGS, NELEMS, ND, NNODES, NODE, NTOTEL, PICSCALEX1, 
PICSCALEX21 PICSCALEY1, PICSCALEY2, PRNTFR, SEGTYP, SMATL, 
SSTATE, S1VAR, S3VAR, TMAX, บ, U1 , X, Y)

U n l o a d  Me 
End  Sub

P r i v a t e  Su b  F o r m _ L o a d ( )
Me. C a p t i o n  = " D a t a  - " Sc s F i l e

' . . .  Op en  s p e c i f i c  d a t a  f i l e  f o r  i n p u t d a t a  a n d  t h e n  c l o s e  f i l e
Open  s F i l e  F o r  I n p u t  As #1 
C a l l  D a t a l n p u t  
C l o s e  #1

' . . .  C a l l  s u b r o u t i n e  show a l l  s y s t e m  i n f o r m a t i o n  i n  t a b l e  . . .
C a l l  D a t a S h o w

' . . .  C a l l  s u b r o u t i n e  t o  p r e v i e w  s y s t e m  m e s h i n g  i n  p i c t u r e  b o x  . . .
C a l l  D ra w_ me sh

End  Sub

P r i v a t e  Sub  D a t a S h o w 0  
Dim DAT(10)  As s t r i n g

. . .  F o r m a t  a l l  l a b e l s  i n  f r a m e  
l b l P r o b l e m . C a p t i o n  = "PROBLEM: 
L a b e l l . C a p t i o n  = " C o o r d i n a t e :  
L a b e l 2 . C a p t i o n  = " E r r o r :
L a b e l 3 . C a p t i o n  
L a b e l 4 . C a p t i o n
L a b e l 5 . C a p t i o n  = "K V a r i a t i o n :  
L a b e l 6 . C a p t i o n  = "F V a r i a t i o n :  
L a b e l 7 . C a p t i o n  = "G V a r i a t i o n :  " 
L a b e l 8  . C a p t i o n  nr"  —
L a b e l 9 . C a p t i o n  
I f  N o t  SSTATE T h e n

Sc EPS 
" S t e a d y  s t a t e :  1 
" E l e m e n t  T y p e :  1

" ร !  V a r i a t i o n :  
"S3 V a r i a t i o n :

Sc NAME_TITLE 
Sc COORDS

Sc s t r  (SSTATE) 
Sc S t r  (ELEMS)

Sc S t r  (KVAR)
Sc S t r  (FVAR)
Sc S t r  (GVAR)

Sc S t r  (S1VAR)
Sc S t r  (S3VAR)

L a b e l l 4  . C a p t i o n  = "DT: " Sc S t r ( D T )
L a b e l l 5  . C a p t i o n  ะ= " PRTFR: " Sc s t r  (PRNTFR)
L a b e l l 6  . C a p t i o n  = "TMAX: " Sc s t r  (TMAX)

End I f
. . .  show e l e m e n t  i n f o r m a t i o n  i n  t a b l e  n a m e d  " G r d E le m
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. . .  f o r m a t t i n g  a n d  h e a d i n g  t h e  t a b l e  . . .  
F o r  I  = 0 To G r d E l e m . C o l s  - 1 

G r d E l e m . C o l A l i g n m e n t ( I )  = 4 
G r d E l e m . C o l W i d t h ( I )  = 950

N e x t  I
DAT(0) = " N o . "
DAT(1 ) = " t y p e "
DAT(2) = "# o f  n o d e
DAT(3) = " M a t e r i a l "
DAT(4) = "K"
DAT(5) = "F"
DAT(6) = "G"
DAT(7) = " n o d e l "
DAT(8) = " n o d e 2 "
DAT ( 9) = " n o d e 3 "
G rd E le m . Row = 0
F o r  I  = 0 To 9

G r d E l e m . C o l  = I  
G r d E l e m . T e x t  = DAT(I)

N e x t  I
. . .  sh ow e l e m e n t  i n f o r m a t i o n  . . .
G r d E l e m . R o w s  = NELEMS + 1 
F o r  E = 1 To NELEMS 

G r d E l e m . R o w  = E 
DAT(0) = S t r ( E )
DAT(1) = s t r ( E T Y P E ( E ) )
DAT(2) = s t r ( N T O T E L ( E ) )
DAT(3) = s t r ( E M A T L ( E ) )
DAT(4) = F o r m a t ( K ( E ) ,  " 0 . 0 0 E + 0 0 " )
DAT(5) = F o r m a t ( F ( E ) , " 0 . 0 0 E + 0 0 " )
DAT(6) = F o r m a t ( G ( E ) ,  " 0 . 0 0 E + 0 0 " )
DAT(7) = S t r ( N O D E (1,  E ) )
DAT(8) = S t r ( N O D E (2 ,  E ) )
DAT(9) = S t r ( N O D E (3,  E ) )
F o r  I  = 0 To 9

G r d E l e m . C o l  = I 
G r d E l e m . T e x t  = DAT(I)

N e x t  I 
N e x t  E

. . .  sh ow n o d a l  i n f o r m a t i o n  i n  t a b l e  n am e d  "G rd No de "  . . .  

. . .  t a b l e  f o r m a t t i n g  a n d  h e a d i n g  . . .
W i t h  G rdN ode

I f  N o t  SSTATE T h en  . C o l s  = 4 
F o r  I  = 0 To . C o l s  - 1 

• C o l A l i g n m e n t ( I )  = 4 
. C o l w i d t h ( I ) = 700 

N e x t  I 
. Row = 0 
•C o l  = 0 
• T e x t  = " N o . "
•C o l  = 1
I f  (COORDS = 
•C o l  = 2

1) Th en • T e x t  = "x" E l s e . T e x t  = " r "
I f  (COORDS = 1) Th en ■ Text = "y" E l s e ■ Text = "z"
I f  N o t  SSTATE The n
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• C o l  = 3
■ Text = " i n i t i a l  น"

End  I f
. Rows = NNODES + 1 
. . .  sh ow n o d a l  i n f o r m a t i o n  . . .  
F o r  I  = 1 To NNODES

Row = I
C o l  = 0
T e x t = I
C o l  = 1
T e x t = F o r m a t ( X ( I ) , " # 0 . 0 0 0 0 "
C o l  = 2
T e x t = F o r m a t (Y ( I ) , " # 0 . 0 0 0 0 "

I f  (Not  SSTATE) Th en  
. C o l  = 3
■ Text = F o r m a t ( บ ( I ) 1 " 0 . 0 0 0 E + 0 0 " )

End  I f  
N e x t  I  

End  W i t h
. . .  sh ow  b o u n d a r y  i n f o r m a t i o n  i n  t a b l e  n am e d  "G rd Bon d"  . . .  
. . .  t a b l e  f o r m a t t i n g  a n d  h e a d i n g  . . .
F o r  I  = 0 To 6

G r d B o n d . C o l A l i g n m e n t ( I )  = 4 
G r d B o n d . C olwidth( I ) = 700 

N e x t  I
G r d B o n d . C o l W i d t h ( 5) = 900 
G r d B o n d . C o l w i d t h (6) = 900 
DAT(0) = " N o . "
DAT(1) = " e l e m e n t "
DAT(2) = " b n o d e l "
DAT(3) = " b n o d e 2 "
DAT(4) = " t y p e "
DAT(5) = "A"
DAT(6) = "B"
G r d B o n d . Row = 0 
F o r  I  = 0 To 6

G r d B o n d . C o l  = I 
G r d B o n d . T e x t  = DAT( I )

N e x t  I
. . .  sh ow  b o u n d a r y  i n f o r m a t i o n  . . .
G r d B o n d . Rows = NBSEGS + 1 
F o r  I  = 1 To NBSEGS 

DAT(0) = I
DAT(1) = E S ( I )
DAT(2) = BNODE( 1 1 I )
DAT(3) = BNODE(2 ,  I )
DAT(4) = BCTYPE( I )
I f  (BCTYPE(I)  = 1) T h en

DAT(5) = Fo rm at (U 1 (B N O D E (1 ,  I ) ) ,  " 0 . 0 0 E + 0 0 " )
DAT(6) =

E l s e l f  (BCTYPE(I)  = 3) T h e n
DAT(5) = F o rm a t (A L P H A ( I ) ,  " 0 . 0 0 E + 0 0 " )
DAT(6) = F o r m a t ( B E T A ( I ) , " 0 . 0 0 E + 0 0 " )

E l s e
DAT(5) =
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DAT(6) =
End  I f
G r d B o n d . Row = I  
F o r  J  = 0 To 6

G r d B o n d . C o l  = J  
G r d B o n d . T e x t  = DAT(J ) 

N e x t  J  
N e x t  I

End  Sub

P r i v a t e  Sub  D a t a l n p u t O  
Dim AA As D o u b l e  
Dim BB As D o u b l e  
Dim NONE As s t r i n g  
Dim NTOT As I n t e g e r

On E r r o r  GoTo ERR0R1
' . . .  i n p u t  s y s t e m  v a r i a b l e  . . .

L i n e  I n p u t  # 1 ,  NAME_TITLE 
GoSub S k i p l i n e  
NONE = I n p u t (9 ,  #1)
COORDS = V a l ( I n p u t (1 1 ,  # 1 ) )
NONE = I n p u t ( 1 1 ,  #1)
EPS = V a l ( I n p u t (11 ,  # 1 ) )
NONE = I n p u t ( 1 1 ,  #1)
KVAR = C B o o l ( V a l ( I n p u t ( 1 1 ,  # 1 ) ) )  
NONE = I n p u t ( 1 1 ,  #1)
FVAR = C B o o l ( V a l ( I n p u t ( 1 1 ,  # 1 ) ) )  
NONE = I n p u t ( 1 1 ,  #1)
GVAR = C B o o l ( V a l ( I n p u t ( 1 1 ,  # 1 ) ) )  
NONE = I n p u t ( 1 1 ,  #1)
SSTATE = C B o o l ( V a l ( I n p u t ( 1 1 ,  # 1 ) ) )  
NONE = I n p u t ( 1 1 ,  #1)
I f  N o t  SSTATE T h e n

DT = V a l ( I n p u t (11 ,  # 1 ) )
NONE = I n p u t ( 1 1 ,  #1)
PRNTFR = V a l ( I n p u t ( 1 1 ,  # 1 ) )
NONE = I n p u t ( 1 1 ,  #1)
TMAX = V a l ( I n p u t (11 ,  # 1 ) )
NONE = I n p u t ( 1 1 ,  #1)

End  I f
SIVAR = C B o o l ( V a l ( I n p u t (11 ,  # 1 ) ) )  
NONE = I n p u t ( 1 1 ,  #1)
S3VAR = C B o o l ( V a l ( I n p u t (11 ,  # 1 ) ) )  
NONE = I n p u t ( 1 1 ,  #1)
ELEMS = V a l ( I n p u t (11 ,  # 1 ) )
NONE = I n p u t ( 1 1 ,  #1)
NELEMS = V a l ( I n p u t (11 ,  # 1 ) )
NONE = I n p u t ( 1 1 ,  #1)
NNODES = V a l ( I n p u t (11 ,  # 1 ) )
NONE = I n p u t ( 1 1 ,  #1)
NBSEGS = V a l ( I n p u t ( 1 1 ,  # 1 ) )
NONE = I n p u t (2 ,  #1)



. . .  R e d i m e n s i o n  f o r  d i n a m i c  v a r i a b l e s  . . .
ReDim ALPHA(NBSEGS) As D o u b l e
ReDim BCTYPE(NBSEGS) As I n t e g e r
ReDim BETA(NBSEGS) As D o u b l e
ReDim BNODE( 4 1 NBSEGS) As I n t e g e r
ReDim EMATL(NELEMS) As I n t e g e r
ReDim E S (NBSEGS) As I n t e g e r
ReDim ETYPE(NELEMS) As I n t e g e r
ReDim F (NELEMS) As D o u b l e
ReDim G (NELEMS) As D o u b l e
ReDim K(NELEMS) As D o u b l e
ReDim ND(NNODES) As B o o l e a n
ReDim NODE(8 ,  NELEMS) As I n t e g e r
ReDim NTOTEL(NELEMS) As I n t e g e r
ReDim SEGTYP(NBSEGS) As I n t e g e r
ReDim SMATL(NBSEGS) As I n t e g e r
ReDim บ (NNODES) As D o u b l e
ReDim U1(NNODES) As D o u b l e
ReDim X(NNODES) As D o u b l e
ReDim Y (NNODES) As D o u b l e
. . .  i n p u t  e l e m e n t  i n f o r m a t i o n  f r o m  d a t a  f i l e  . .  
GoSub S k i p l i n e  
F o r  E = 1 To NELEMS 

NONE = I n p u t (4 ,  #1)
ETYPE(E) = V a l ( I n p u t (2,  # 1 ) )
NTOTEL(E) = V a l ( I n p u t (2 ,  # 1 ) )
EMATL(E ) = V a l ( I n p u t (2 ,  # 1 ) )
K (E) = V a l ( I n p u t (10 ,  # 1 ) )
F( E)  = V a l ( I n p u t (10 ,  # 1 ) )
G (E) = V a l ( I n p u t (10 ,  # 1 ) )
F o r  I  = 1 To NTOTEL(E)

NODE(I ,  E) = V a l ( I n p u t (4 ,  # 1 ) )
N e x t  I
NONE = I n p u t (2 ,  #1)

N e x t  E
. . .  i n p u t  n o d a l  i n f o r m a t i o n  . . .

XMAX = 0#
XMIN = 0#
YMAX = 0#
YMIN = 0#
GoSub S k i p l i n e  
F o r  I  = 1 To NNODES 

NONE = I n p u t (5 ,  #1)
X ( I )  = V a l ( I n p u t (10 ,  # 1 ) )
Y ( I ) = V a l ( I n p u t (10 ,  #1)  )
I f  N o t  sSTATE T h e n  บ ( ท  = V a l ( I n p u t ( 1 0 ,  # 1 ) )  
NONE = I n p u t (2 ,  #1)
. . .  D e t e r m i n e  maximum a n d  min imum X a n d  Y . .  
I f  X ( I )  > XMAX T h en  XMAX = X ( I )
I f  X ( I )  < XMIN T h e n  XMIN = X ( I )
I f  Y ( I )  > YMAX T h e n  YMAX = Y ( I )
I f  Y ( I )  < YMIN T h e n  YMIN = Y ( I )

N e x t  I



' . . .  i n p u t  b o u n d a r y  i n f o r m a t i o n  . . .
F o r  I  = 1 To NNODES 

ND(I )  = F a l s e  
N e x t  I
GoSub S k i p l i n e  
F o r  I  = 1 To NBSEGS 

NONE = I n p u t (5 ,  #1)
SEGTYP( I ) = I n p u t (5,  #1)
NTOT = I n p u t (5 ,  #1)
SMATL(I) = I n p u t (5 ,  #1)
BCTYPE( I ) = I n p u t (5,  #1)
AA = I n p u t  ( 1 0 ,  #1)
BB = I n p u t ( 1 0 ,  #1)
E S ( I )  = I n p u t  (5 ,  #1)
F o r  J  = 1 To NTOT

BNODE(J , I )  = I n p u t (5 ,  #1)
N e x t  J
NONE = I n p u t (2 ,  #1)
I f  (BCTYPE(I)  = 1) T h en  

F o r  J  = 1 To NTOT
U1(BNODE( J ,  I ) ) = AA
ND(BNODE( J ,  I ) )  = T r u e  

N e x t  J
E l s e l f  (BCTYPE(I)  = 3) T h e n  

ALPHA( I ) = AA 
BETA(I)  = BB 

End  I f  
N e x t  I  
E x i t  Sub

S k i p l i n e  ะ
F o r  I  = 1 To  4

L i n e  I n p u t  # 1 ,  NONE 
N e x t  I  

R e t u r n
ERROR1 ะ

MsgBox "An e r r o r  o c c u r e s  i n  r e a d i n g  d a t a  f i l e ,  p l e a s e  c h e c k  f i l e "  
v b E x c l a m a t i o n  

U n l o a d  Me 
End  Sub

C4 S o u r c e  Code  o f  For m " f r m R e s u l t "

O p t i o n  E x p l i c i t
' . .  D e c l a r e  g l o b a l  v a r i a b l e  f o r  u s e  i n  t h i s  f o r m  . . .
P r i v a t e  BNODE() As I n t e g e r
P r i v a t e  COORDS As I n t e g e r
P r i v a t e  I ,  J  As I n t e g e r
P r i v a t e  LINENUM As I n t e g e r
P r i v a t e  N As I n t e g e r
P r i v a t e  NBSEGS As I n t e g e r
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P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e
P r i v a t e

NELEMS As  I n t e g e r  
NNODES As I n t e g e r  
NODE() As I n t e g e r  
SSTATE As  B o o l e a n  
STEP As S i n g l e  
บ () As D o u b l e
UIN As S i n g l e  
UMIN As D o u b l e

P r i v a t e  UMAX As D o u b l e  
P r i v a t e  x() As D o u b l e  
P r i v a t e  Y()  As D o u b l e

Sub  P r e p a r e D a t a ( P I ,  P 2 , P 3 , P 4 , P5 ,  P6 ,  P7 ,  P8 ,  P9 ,  PICSCALEX1, 
PICSCALEX2, PICSCALEY1, PICSCALEY2)

' . . .  T h i s  s u b r o u t i n e  i s  t o  g e t  a l l  r e s u l t  f r o m  c a l c u l a t i o n  m o d u l e  
' a n d  p r e p a r e  t h e m  t o  e x h i b i t  i n  t a b l e  o r  e v e n  s i m u l a t e  . . .
' . . .  G e t  t h e s e  i n d i v i d a l  d a t a  . . .

COORDS = P IMRQwnc; — ฑว
n S S s  ะ P3
NNODES = P4 
SSTATE = P5

' . . .  S e t  d i m e n s i o n  f o r  i n d i v i d u a l  d a t a  . . .
ReDim NODE(8 ,  NELEMS) As I n t e g e r  
ReDim BNODE(4 ,  NBSEGS) As I n t e g e r  
ReDim บ (NNODES) As D o u b l e  
ReDim X(NNODES) As D o u b l e  
ReDim Y (NNODES) As D o u b l e

' . . .  G e t  v a l u e  n o d e ,  b n o d e ,  X, a n d  y  . . .
F o r  I  = 1 To NELEMS 

F o r  J  = 1 To 3
NODE ( J ,  I )  = P 6 ( J ,  I )

N e x t  J  
N e x t  I
F o r  I  = 1 To NBSEGS 

F o r  J  = 1 To 3
BNODE ( J ,  I )  = P7 ( J , I )  

N e x t  J  
N e x t  I
F o r  I  = 1 To NNODES 

X ( I )  = P 8 ( I )
Y ( I ) = P 9 ( I )

N e x t  I
. . . S e t  s c a l e  f o r  p i c t u r e  b o x  . . .
I f  COORDS = 1 T h e n

P i c G r a p h i c . S c a l e  (PICSCALEX1, PICSCALEY2)- (PICSCALEX2, PICSCALEY1) 
E1 s  6

P i c G r a p h i c . S c a l e  (PICSCALEX1, PICSCALEY1)- (PICSCALEX2, PICSCALEY2)
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End I f
' . . .  S e t  g e n e r a l  p r o p e r t i e s  . . .

I f  SSTATE T h e n
C m d S i m u l . E n a b l e d  = F a l s e  
CmdContU. E n a b l e d  = T r u e  

End  I f
M e . C a p t i o n  = " R e s u l t  - " & s F i l e

' . . .  S e t  l i n e  n u m b e r  o f  c o n s t a n t  น t o  b e  sh o w n  . . .
C a l l  S e t P a r a ( 2 0 )

' . . .  R e p o r t  n u m e r i c a l  d a t a  i n  t a b l e  . . .
C a l l  R e p o r t D a t a

' . . .  Show s y s t e m  m e s h i n g  i n  p i c t u r e  b o x  . . .
C a l l  D r a w M e s h ( 0 ,  0,  0)
C a l l  D r a w B o u n d a r y

End  Sub

P r i v a t e  Sub  D r a w B o u n d a r y ()
' . . .  d r a w  b o u n d a r y  s e g m e n t s  . . .

P i c G r a p h i c . D r a w W i d t h  = 2 
F o r  I  = 1 To NBSEGS

P i c G r a p h i c . L i n e  (X(BNODE(l ,  I ) ) ,  Y (BNODE( 1 1 I ) ) ) -  
(X(BNODE(2 ,  I ) ) ,  Y (BNODE(2 ,  I ) ) )

N e x t  I
P i c G r a p h i c . D r a w W i d t h  = 1 

End  Sub

P r i v a t e  Sub  D r a w C o n t U O
' . . .  T h i s  s u b r o u t i n e  i s  u s e d  t o  d r a w  c o n s t a n t  l i n e  o f  น = UN
' a t  s p e c i f i c  c o l o u r  o f  R ( r e d ) ,  G ( g r e e n ) ,  a n d  B ( b l u e )  . . .
Dim BLUE As s i n g l e
Dim E As I n t e g e r
Dim GREEN As s i n g l e
Dim N1 As I n t e g e r
Dim N2 As I n t e g e r
Dim N3 As I n t e g e r
Dim RED As S i n g l e
Dim UN As D o u b l e
Dim XN(2) As D o u b l e
Dim YN(2) As D o u b l e

F o r  I  = 1 To LINENUM 
UN = I  * STEP

' . . .  s e t  c o l o r  p a r a m e t e r  f o r  e a c h  l i n e  . . .
I f  UN <= UIN /  4# T h en  

BLUE = 2 5 5#
GREEN = 2 5 5 #  * 4# * UN /  UIN 
RED = 0#

E l s e l f  UIN /  4#  < UN And UN <= UIN /  2#  T h e n  
BLUE = 2 5 5 #  * (1# - (UN * 4# /  UIN - 1 # ) )
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GREEN = 2 5 5#
RED = 0#

E l s e l f  UIN /  2# < UN And UN <= UIN * 3# /  4# T h e n  
BLUE = 0 #
GREEN = 2 5 5#
RED = 2 5 5 #  * (UN * 4# /  UIN - 2#)

El!ร น ,E .  0,
GREEN = 2 5 5 #  * (1# - (UN * 4# /  UIN - 3 # ) )
RED = 2 5 5 #

End  I f
UN = UN + UMIN

' . . .  s t a r t  t o  d r a w  l i n e  . . .
1 . . .  f i n d  w h i c h  e l e m e n t  h a s  น e q u a l  t o  UN i n s i d e  a n d  t h e n  d r a w
' c o n s t a n t  UN l i n e  . . .

F o r  E = 1 To NELEMS 
J  = 1
NI = N O D E d ,  E)
N2 = NODE(2 ,  E)
N3 = NODE(3 ,  E)
. . .  i f  a n y  tw o  e d g e s  i n  e l e m e n t  ( t r i a n g u l a r  e l e m e n t )  h a s  v a l u e  o f

UN, we c a n  i n t e r p o l a t e  t o  f i n d  c o n s t a n t  l i n e  o f  t h a t  UN . . .
I f  ( บ (NI)  < UN And UN < บ (N2))  Or  ( บ (NI)  > UN And UN > U( N2 ) )  T h en  

XN ( J )  = X (NI ) + (X (N2 ) - X (NI ) ) * ( (UN - บ ( N I ) )  /
( บ (N2) - U ( N l ) ) ) -

YN(J ) = Y ( N I ) + (Y(N2) - Y(N1 ) )  * ( (UN - บ ( N I ) )  /
( บ (N2) - บ ( N I ) ) )

J  = J  + 1 
End  I f
I f  ( บ (N2) < UN And UN < บ (N3))  Or  ( บ (N2) > UN And UN > บ (N3))  T h en

XN (J ) = X (N 2 ) + (X (N3 ) - X (N2 ) ) * ( (UN - บ (N2) ) /  .
( บ (N3) - บ (N2) ) )

YN ( J ) = Y(N2) + (Y(N3) - Y ( N 2 ) ) ★ ( (UN - บ ( N 2 ) ) /  .
( บ (N3) - บ (N2) ) )

J  = J + 1
End  I f
I f  J  = 2 T h en

XN (J ) = X (N3 ) + (X(N1) - X (N 3 )) k ( (UN - บ ( N 3 ) ) /
( บ ( N I ) - บ (N3;1 ) )

YN ( J ) = Y(N3) + ( Y ( N I ) - Y(N 3) ) k ( (UN - บ (N3) ) /
( บ (NI) - บ (N3;1 ) )

End  I f
. . .  Draw l i n e  a t s p e c i f i c  c o l o u r  .
P i c G r a p h i c . L i n e  (X N (1 ) ,  YN( 1 ) ) - (XN( 2 ) ,  Y N ( 2 ) ) ,  

RGB(RED, GREEN, BLUE)
N e x t  E

N e x t  I  
End  Sub

Sub  DrawMesh(BLUE,  GREEN, RED)
Dim E As I n t e g e r
' . . .  T h i s  s u b r o u t i n e  i s  t o  d r a w  m e s h  i n  p i c t u r e  b o x  . . .

P i c G r a p h i c . C l s



For E = 1 To NELEMS
P i c G r a p h i c . L i n e (X(NODE(1, E) ) , Y (NODE(1, E ) ) ) - (X(NODE (2 , E) )

Y (NODE(2, E) ) ) , RGB(RED, GREEN, BLUE)
P i c G r a p h i c . L i n e (X(NODE(2, E) ) 1 Y (NODE (2, E ) ) ) - (X(NODE(3 , E) )

Y (NODE (3 , E) ) ) , RGB(RED, GREEN, BLUE)
P i c G r a p h i c . L i n e (X(NODE (3, E) ) 1 Y (NODE (3, E) ) ) -  (X(NODE(1 , E) )

Y (NODE (1, E) ) ) , RGB(RED, GREEN, BLUE)
N e x t  E 

End  Sub

P r i v a t e  Sub  C m d C l e a r _ C l i c k ()
1 . . .  C l e a r  p i c t u r e  i n  p i c t u r e  b o x  . . .

P i c G r a p h i c . C l s  
End  Sub

P r i v a t e  Su b  C m d C o n t U _ C l i c k ()
' . . .  A f t e r  c l i c k  b o t t o n  " d r a w  c o n t  น" ,  t h i s  s u b r o u t i n e  p r e p a r e  d a t a
' t o  d r a w  c o n s t a n t  l i n e  o f  d e p e n d e n t  v a r i a b l e ,  w h i c h  i n c l u d i n g
1 v a l u e  o f  น f o e  e a c h  l i n e  (UN) a n d  i t s  c o l o u r  . . .

' . . .  C l e a r  p i c t u r e  a n d  d r a w  m e s h  f i r s t  . . .
C a l l  D r a w M e s h ( 1 5 0 ,  1 5 . .  1=0,

' . . .  f i n d  v a l u e  o f  น (UN) f o r  e a c h  l i n e  . . .
UIN = (UMAX - UMIN)
STEP = UIN /  (LINENUM + 1)

' . . .  d r a w  c o n s t a n t  น l i n e s  b y  c a l l  s u b r o u t i n e  "DrawC ontU "  . . .
C a l l  Draw Con tU

1 . . .  d r a w  s y s t e m  b o u n b a r i e s  . . .
C a l l  D r a w B o u n d a r y

E nd  Sub

P r i v a t e  Su b  C m d M e s h _ C l i c k ()
' . . .  Show s y s t e m  m e s h i n g  i n  p i c t u r e  b o x  . . .

C a l l  D r a w M e s h ( 0 ,  0,  0)
C a l l  D r a w B o u n d a r y  

End  Sub

P r i v a t e  Sub  R e p o r t D a t a O
1 . . .  T h i s  s u b r o u t i n e  i s  t o  r e p o r t  n o d e  i n f o r m a t i o n  i n  t a b l e  n am ed
1 " G r d R e s u l t "  . . .
' . . .  T a b l e  h e a d i n g  . . .

W i t h  G r d R e s u l t
. Row = 0
. C o l  = 0
■ Text = "No. o f n o d e
. C o l  = 1
I f  (COORDS = 1) Th en
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■ T e x t  = "X"
■ Col = 2 
■ Text = "y"

E l s e
. T e x t  = " r "
■ Col = 2 
• T e x t  = " z "

End  I f
. Rows = NNODES + 1 
F o r  I  = 0 To . C o l s  - 1 

. C o l A l i g n m e n t ( I ) = 4 
N e x t  I

. . .  Show n u m b e r  o f  n o d e  a n d  v a l u e  o f  x  a n d  y  f o r  e a c h  n o d e  . . .  
F o r  I  = 1 To NNODES

Row = I
C o l  = 0
T e x t = I
C o l  = 1
T e x t = F o r m a t ( X ( I )  1 " # 0 . 0 0 0 0 "
C o l  = 2
T e x t = F o r m a t (Y ( I ) , " # 0 . 0 0 0 0 "

N e x t  I  
End  W i t h  

End  Sub

Sub ShowSol (SWITCH,  T,  TCOUNT, PI )
Dim N As I n t e g e r

' . . .  Add new c o l u m n  t o  t a b l e  " G r d R e s u l t "  a n d  g i v e  f o r m a t  . . .
W i t h  G r d R e s u l t  

N = . C o l s  + 1 
■ Cols = N
. C o l A l i g n m e n t  (N - 1) = 4 
•C o l  = N - 1 
. Row = 0
S e l e c t  C a s e  SWITCH 

C a s e  1
. T e x t  = "น a t  t = "  & T 

C a s e  2
■ Text = " s o l u t i o n  น"

End  S e l e c t
' . . .  p r i n t  s o l u t i o n s  i n t o  t a b l e  . . .

F o r  I  = 1 To NNODES 
U ( I )  = P I ( X)
. Row = I
■ T e x t  = F o r m a t ( บ ( I ) ,  " 0 . 0 0 0 0 E + 0 0 " )

N e x t  I
1 . . .  f i n d  u m i n  a n d  Umax . . .

UMAX = U ( l )
UMIN = บ (1)
F o r  I  = 1 To NNODES
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I f  U ( I )  > UMAX T h e n  UMAX = U ( I )
I f  บ ( I )  < UMIN T h en  UMIN = บ ( I )

N e x t  I  
End  W i t h

' . . .  f o r  t r a n s i e n t  p r o b l e m ,  a l l  s o l u t i o n  w i l l  b e  k e p t  i n  t a b l e
' " g r d l n v i s T a b l e " f o r  s i m u l a t i o n  . . .

I f  N o t  SSTATE T h e n  
W i t h  g r d l n v i s T a b l e

. Rows = NNODES + 1 
■ Cols = . C o l s  + 1 
• C o l  = . C o l s  - 1 
F o r  I  = 1 To NNODES 

. Row = I  
• T e x t  = บ ( I )

N e x t  I 
End  W i t h  

End  I f
s p e c i f y  l a b e l  t o  p r e s e n t  v a l u e  o f  บ f o r  d i f f e r e n t  c o l o r

L a b e l l . C a p t i o n  
L a b e l 2 . C a p t i o n  
L a b e l 3 . C a p t i o n  
L a b e l 4 . C a p t i o n  
L a b e l 5 . C a p t i o n

Format(UMAX, 
F o r m a t ( (UMAX 
F o r m a t ( (UMAX 
F o r m a t ( (UMAX 
Fo rma t (UMI N,

" 0 . 0 0 0 E + 0 0 ")
- UMIN) * 3#
- UMIN) /  2#
- UMIN) /  4#  
" 0 . 0 0 0 E + 0 0 ")

4#  + UMIN, " 0 . OOOE+OO")
UMIN,
UMIN,

" 0 . 0 0 0 E + 0 0 " )  
" 0 . 0 0 0 E + 0 0 " )

3nd Sub

P r i v a t e  Su b  C m d S e t P a r a _ C l i c k () 
f r m S e t P a r a . Show
f r m S e t P a r a . t x t N u m b e r . T e x t  = LINENUM 

E nd  Sub

Sub  S e t P a r a ( P l )
' . . .  G e t  s e t t i n g  p a r a m e t e r  . . .

LINENUM = P I  
End  Sub

P r i v a t e  Sub  C m d S i m u l _ C l i c k ()
' . . .  wh en  s t a r t ,  s e t  o t h e r  b o t t o n s  t o  b e  d e a c t i v a t e  . . .

I f  C m d s i m u l . C a p t i o n  = " S t a r t  s i m u l a t e "  T h e n  
C m d s i m u l . F o n t . B o l d  = T r u e  
C m d s i m u l . C a p t i o n  = " S t o p "
C m d S e t P a r a . E n a b l e d  = F a l s e  
C m d C l e a r . E n a b l e d  = F a l s e  
C m d M e s h . E n a b l e d  = F a l s e

' . . .  R e a d  i n i t i a l  u(i) f r o m  g r d l n v i s T a b l e  b e f o r e  show . . .
W i t h  g r d l n v i s T a b l e  

. C o l  = 1
F o r  I  = 1 To NNODES 

. Row = I
บ ( I )  = V a l ( . T e x t )



N e x t  I  
End  W i t h
UIN = (UMAX - UMIN)
STEP = UIN /  (LINENUM + 1)
N = 0

' . . .  s t a r t  s i m u l a t e  b y  s t a r t  c l o c k  . . .
t m e C l o c k . E n a b l e d  = T r u e

E l s e
1 . . .  when  w a n t  t o  s t o p ,  a c t i v a t e  o t h e r  b o t t o n s  . . .

C m d s i m u l . F o n t . B o l d  = F a l s e  
C m d s i m u l . C a p t i o n  = " S t a r t  S i m u l a t e "
C m d S e t P a r a . E n a b l e d  = T r u e  
C m d C l e a r . E n a b l e d  = T r u e  
CmdMesh . E n a b l e d  = T r u e

' . . .  s t o p  s i m u l a t e  b y  s t o p  t h e  c l o c k  . . .
t m e C l o c k . E n a b l e d  = F a l s e  

End I f
End  Sub

P r i v a t e  Sub  t m e C l o c k _ T i m e r ()
' . . .  C l e a r  p i c t u r e  a n d  d r a w  m e s h  f i r s t  . . .

1»., .50,
' . . .  d r a w  c o n s t a n t  น l i n e s  b y  c a l l  s u b r o u t i n e  "DrawC ontU "

C a l l  Dr aw C ont U
' . . .  d r a w  s y s t e m  b o u n b a r i e s  . . .

C a l l  D r a w B o u n d a r y
' . . .  r e a d  new d a t a  f o r  show n e x t  t i m e  s t e p  . . .

W i t h  g r d l n v i s T a b l e
I f  N < C o l s  - 1 T h e n  N = N + 1 E l s e  N = 1 

• C o l  = N
F o r  I  = 1 To NNODES 

. Row = I
บ ( I )  = V a l ( . T e x t )

N e x t  I  
End  W i t h

End  Sub

C5 S o u r c e  Cod e  o f  Form " f r m S e t P a r a "
P r i v a t e  Sub  c m d D e f a u l t _ C l i c k ( ) 

t x t N u m b e r . T e x t  = "20"
E nd  Sub
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P r i v a t e  Sub  c m d O K _ C l i c k ()
C a l l  f r m R e s u l t . S e t P a r a ( I n t ( V a l ( t x t N u m b e r . T e x t ) ))  
U n l o a d  Me 

End  Sub

C6 S o u r c e  Cod e  o f  M o d u l e  " C a l c u l a t i o n "
I **********************************************ไ* *โ*** ★ไ*: ไ*r * ★ ไ*โ*** ไ*โ ไ*r ******* ไ*f * * 
I * * * *
' * *  T h i s  m o d u l e  c o n t a i n s  a l l  c a l c u l a t i o n  s t e p s .  **• * * * *I***********************************************************************

O p t i o n  E x p l i c i t
P r i v a t e  I  As I n t e g e r  
P r i v a t e  J  As I n t e g e r  
P u b l i c  NAME_TITLE As S t r i n g  
P u b l i c  s F i l e  As s t r i n g

Sub  M ain Pr og( ALP HA,  BCTYPE, BETA, BNODE, COORDS, DT, ELEMS, EMATL,
EPS,  ES, ETYPE, F,  FVAR, G, GVAR, K, KVAR, NBSEGS,
NELEMS, ND, NNODES, NODE, NTOTEL, PICSCALEX1, PICSCALEX2, 
PICSCALEYl , PICSCALEY2, PRNTFR, SEGTYP, SMATL, sSTATE, 
s iVAR,  S3VAR, TMAX, บ, U 1 , X, Y)

1 . . .  S e t  l o c a l  v a r i a b l e  . . .
Dim A ( 5 0 0 0 )  As D o u b l e  
Dim B ( 5 0 0 0 )  As D o u b l e  
Dim 1ER As I n t e g e r  
Dim NBAND As I n t e g e r  
Dim T As S i n g l e  
Dim TCOUNT As I n t e g e r
' . . .  S e t  d i m e n s i o n  f o r  l o c a l  d i n a m i c s  v a r i a b l e  . . .
ReDim AG(3,  3 ,  NELEMS) As D o u b l e  
ReDim AK(3 ,  3 ,  NELEMS) As D o u b l e  
ReDim DELTA(NELEMS) As D o u b l e  
ReDim DIAG(NNODES) As I n t e g e r  
ReDim L(NBSEGS) As D o u b l e  
ReDim NTOTBS(NBSEGS) As I n t e g e r  
ReDim PHI(NNODES) As D o u b l e  
ReDim RBAR(NELEMS) As D o u b l e  
ReDim UNEW(NNODES) As D o u b l e

. . .  P r e p a r e  f o r m  " f r m R e s u l t "  f o r  show d a t a  a n d  r e s u l t  . . .
W i t h  f r m R e s u l t  

. Show
C a l l  . P r e p a r e D a t a ( C O O R D S ,  NBSEGS, NELEMS, NNODES, SSTATE, NODE, 

BNODE, X, Y, PICSCALEX1, PICSCALEX2, 
PICSCALEYl,  PICSCALEY2)

End  W i t h
. . .  D e t e r m i n e  s e m i b a n d w i d t h  NBAND 6c v e c t o r  DIAG . . .  
C a l l  M a t r i x ( D I A G ,  NBAND, NELEMS, NNODES, NODE, NTOTEL)



1 . . .  E x a m i n e  e l e m e n t  g e o m e t r y ,  f i n d  a r e a s  o r  v o l u m e s
' DELTA(E) ,  b o u n d a r y - s e g m e n t  l e n g t h s  o r  a r e a s  L ( ร ) ,
' a n d  c o n s t a n t  p a r t s  o f  c o n d u c t i v i t y  a n d  g e n e r a -
' t i o n / c a p a c i t y  s u b m a t r i c e s  . . .

C a l l  Geom(AG, AK, BNODE, COORDS, DELTA, ELEMS, ETYPE, L, NBSEGS, 
NELEMS, NODE, RBAR, X, Y)

' . . .  I s  p r o b l e m  s t e a d y  s t a t e  o r  t r a n s i e n t ?  . . .
I f  (SSTATE) T h e n

1 . . .  A s s e m b l e  m a t r i c e s  A & B a n d  t h e  v e c t o r  PHI . . .
C a l l  A s e m b K A ,  AG, AK, ALPHA, B, BCTYPE, BETA, BNODE, COORDS, 

DELTA, DIAG, DT, ELEMS, EMATL, ETYPE, F,  G, K, L, 
NBSEGS, NELEMS, NNODES, NODE, NTOTBS, NTOTEL, PHI ,  
RBAR, SEGTYP, SSTATE, X, Y)

' . . .  C o m p ut e  s o l u t i o n  o f  s i m u l t a n e o u s  e q u a t i o n s  . . .
C a l l  Ne wV al (A ,  B, DIAG, EPS,  1ER, NBAND, ND, NNODES, PHI ,  

SSTATE, บ, UNEW, Ul )
I f  (1ER = -1 )  T h en  E x i t  Sub  
C a l l  P r t S o l  (2 ,  NNODES, T,  1 ,  UNEW)

1 C a l l  F l u x e s (A L P H A ,  BCTYPE, BETA, BNODE, DELTA, ES,  F,  G, K,
1 NBSEGS, NELEMS, NODE, NTOTBS, SEGTYP, SMATL, _
1 UNEW, X, Y)

E x i t  Sub 
E l s e

' . . .  I n i t i a l i z e  t i m e ,  p r i n t  s t a r t i n g  v a l u e s  . . .
T = 0
TCOUNT = 0
C a l l  P r t S o l (1 ,  NNODES, T,  1 ,  บ)

' . . .  I n c r e m e n t  t i m e  . . .
10 T = T + DT

TCOUNT = TCOUNT + 1
' . . .  C o m p ut e  a n d  p r i n t  new v a l u e s  . . .

C a l l  A s e m b K A ,  AG, AK, ALPHA, B, BCTYPE, BETA, BNODE, COORDS, 
DELTA, DIAG, DT, ELEMS, EMATL, ETYPE, F,  G, K, L, 
NBSEGS, NELEMS, NNODES, NODE, NTOTBS, NTOTEL, PHI ,

c a l l  NewV al (A,  B, DIAG, EPS,  1ER, NBAND, ND, NNODES, PHI ,  _  
SSTATE, บ, UNEW, Ul )

I f  (1ER = - 1 )  T h en  E x i t  Sub
I f  ( I n t ( I n t ( T C O U N T  /  PRNTFR) * PRNTFR) = TCOUNT) T h e n  

C a l l  P r t S o l (1 ,  NNODES, T,  TCOUNT, UNEW)
' . . .  New s o l u t i o n s  b e c o m e  o l d  o n e s

F o r  I  = 1 To NNODES 
บ ( I ) = UNEW( I )

N e x t  I
' . . .  T ime  t o  q u i t  ? . . .

I f  (T < TMAX - DT /  2#)  T h e n  GoTo 10 
End  I f

End  Sub

P r i v a t e  Sub  M a t r i x ( D I A G ,  NBAND, NELEMS, NNODES, NODE, NTOTEL) 
Dim E As I n t e g e r



Dim IMAX As I n t e g e r  
Dim NTOT As I n t e g e r  
Dim LAST As I n t e g e r
' T h i s  s u b r o u t i n e  d e t e r m i n e s  t h e  f o l l o w i n g :
' 1 .  S e m i b a n d w i d t h  NBAND o f  t h e  m a t r i c e s  A & B
' 2 .  T he  v e c t o r  DIAG
' . . .  D e t e r m i n e  s e m i b a n d w i d t h  NBAND ( e x c l u d i n g  d i a g o n a l )  . . .

NBAND = 0
' . . .  E x a m i n e  a l l  e l e m e n t s  f o r  maximum d i f f e r e n c e  i n  n o d a l  n u m b e r s

F o r  E = 1 To NELEMS 
NTOT = NTOTEL(E)
IMAX = NTOT - 1 
F o r  I  = 1 To IMAX

F o r  J  = I  + 1 To NTOT
I f  Abs(NODE( I , E) - NODE (J ,  E ) ) > NBAND T h e n  NBAND =

Abs(NODE( I , E) - NODE(J,  E ) )
N e x t  J  

N e x t  I  
N e x t  E

' . . .  D e t e r m i n e  t h e  v e c t o r  DIAG . . .
DIAG(1) = 1 
LAST = 1 + NBAND 
F o r  I  = 2 To NNODES

DIA G(I )  = LAST + I  - M a x (1 ,  I  - NBAND) + 1 
LAST = DIA G( I )  + Min(NNODES, I  + NBAND) - I  

N e x t  I  
End  Sub

P r i v a t e  Sub  Geom(AG, AK, BNODE, COORDS, DELTA, ELEMS, ETYPE, L, 
NBSEGS, NELEMS, NODE, RBAR, X, Y)

Dim A l ,  A2,  A3 As D o u b l e  
Dim AGL0CL(3,  3) As D o u b l e  
Dim AK12, AK13, AK23 As D o u b l e  
Dim B l ,  B2 ,  B3 As D o u b l e  
Dim C l ,  C 2 , C3 As D o u b l e
Dim E As I n t e g e r  
Dim I  As I n t e g e r  
Dim J  As I n t e g e r
Dim ร As I n t e g e r
Dim N I ,  N 2 , N3 As I n t e g e r
AGLOCL(1 ,  1) 
AGLOCL(1 ,  2) 
AGLOCL(1 ,  3) 
AGLOCL(2 ,  1) 
AGLOCL(2 ,  2) 
AGLOCL(2 ,  3) 
AGLOCL (3,  1) 
AGLOCL(3 ,  2) 
AGLOCL(3 ,  3)

= 0 . 1 6 6 6 6 6 6 6 6 6 6 6 6 6 7  
= 0 . 0 8 3 3 3 3 3 3 3 3 3 3 3 3 3  
= 0 . 0 8 3 3 3 3 3 3 3 3 3 3 3 3 3  
= 0 . 0 8 3 3 3 3 3 3 3 3 3 3 3 3 3  
= 0 . 1 6 6 6 6 6 6 6 6 6 6 6 6 6 7  
= 0 . 0 8 3 3 3 3 3 3 3 3 3 3 3 3 3  
= 0 . 0 8 3 3 3 3 3 3 3 3 3 3 3 3 3  
= 0 . 0 8 3 3 3 3 3 3 3 3 3 3 3 3 3  
= 0 . 1 6 6 6 6 6 6 6 6 6 6 6 6 6 7

I f  (ELEMS = 1) T h e n
. . .  E x a m i n e  e a c h  e l e m e n t  i n  t u r n  . . .
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F o r  E = 1 To NELEMS
N1 = N O D E d ,  E)
N2 = NODE(2 ,  E)
N3 = NODE(3 ,  E)
A1 = X (N 2 ) * Y(N3) - X (N 3 ) * Y(N2)
A2 = X (N 3 ) * Y ( N I ) - X ( N I ) * Y(N3)
A3 = X ( N I ) * Y (N2 ) - X (N 2 ) * Y(NI)
B1 = Y (N2 ) -  Y (N3 )
B2 = Y (N 3 ) - Y ( N I )
B3 = Y (NI)  - Y (N2)
Cl = X(N3) - X(N2 )
C2 = X (NI ) - X (N3 )
C3 = X (N 2 ) - X ( N I )

' . . .  C o m p u t e  e l e m e n t  a r e a s  a n d  m e an  r a d i i  . . .
DELTA(E) = 0 . 5  * (Al + A2 + A3)
I f  (COORDS = 2) T h e n  RBAR(E) = (X(N1) + X(N2) + X( N 3 ) )  /  3#

' . . .  For m c o n s t a n t  p a r t s  o f  c o n d u c t i v i t y
' a n d  g e n e r a t i o n / c a p a c i t y  s u b m a t r i c e s  . . .

AK ( 1, 1, E) = B1 * 2 + C l  A 2
AK (2, 2 , E) = B2 * 2 + C2 A 2
AK (3, 3 , E) = B3 A 2 + C3 " 2

AK12 = B1 * B2 + Cl * C2
AK(1 , 2, E) = AK12
AK (2, 1, E) = AK12

AK13 = B1 * B3 + Cl * C3
AK(1 , 3, E) = AK13
AK (3, 1, E) = AK13

AK23 = B2 * B3 + C2 * C3
AK (2, 3 , E) = AK23
AK (3, 2 , E) = AK23
F o r  J = 1 To 3

F o r  I  = 1 To 3
I f  (COORDS = 2) T h e n  A K ( I ,  J ,  E) = A K ( I ,  J ,  E) * RBAR(E) 
AK( 1 , J ,  E) = AK( 1 1 J ,  E) /  (4# * DELTA(E) )
AG( I , J ,  E) = AGLOCL( I , J )  * DELTA(E)

N e x t  I 
N e x t  J  

N e x t  E
' . . .  F i n d  l e n g t h s  L (ร) o f  b o u n d a r y  s e g m e n t s . . .

F o r  ร = 1 To NBSEGS 
NI = BNODE( 1 1 ร)
N2 = BNODE(2 ,  ร)
L (ร) = S q r ( ( (X(N1) - X( N 2 ) )  * 2) + ( ( Y ( N I )

N e x t  ร 
E l s e  
End  I f  

End Sub

Y ( N 2 ) ) * 2 ) )

P r i v a t e  Sub  P r t S o l ( S W I T C H ,  NNODES, T,  TCOUNT, บ)

1 T h i s  s u b r o u t i n e  p r i n t s  t h e  p r e v a i l i n g  s o l u t i o n s  
' ( s t e a d y  s t a t e  o r  t r a n s i e n t )  a t  a l l  n o d e s .  F o r
' t r a n s i e n t  p r o b l e m s ,  t h e  v a l u e s  o f  t i m e  i s  a l s o  p r i n t e d



' t o g e t h e r  w i t h  t h e  p r e v a i l i n g  s o l u t i o n s  a t  a l l  n o d e s .
' V a l u e s  o f  SWITCH h a v e  t h e  f o l l o w i n g  m e a n i n g s :
' 1 .  I n i t i a l  v a l u e s  a n d  t r a n s i e n t  s o l u t i o n
' 2 .  S t e a d y - s t a t e  s o l u t i o n
' . . .  A l l  s t e p s  t o  show r e s u l t  a r e  i n  s u b r o u t i n e  " S h o w S o l "  i n
' f o r m  " f r m R e s u l t "  . . .

C a l l  f r m R e s u l t . S h o w S o l ( S W I T C H ,  T,  TCOUNT, บ)

End  Sub

P r i v a t e  Sub A s e m b l ( A ,  AG, AK, ALPHA, B, BCTYPE, BETA, BNODE, COORDS,
DELTA, DIAG, DT, ELEMS, EMATL, ETYPE, F,  G, K, L, 
NBSEGS, NELEMS, NNODES, NODE, NTOTBS, NTOTEL, PHI ,  
RBAR, SEGTYP, SSTATE, X, Y)

' T h i s  s u b r o u t i n e  c o n s t r u c t s  t h e  c o e f f i c i e n t  m a t r i c e s  
' A & B, a n d  t h e  r i g h t - h a n d  s i d e  v e c t o r  PHI 
' . . .  D e c l a r a t i o n s  f o r  l o c a l  v a r i a b l e s  . . .

Dim C l ,  C2 As D o u b l e
Dim DI As I n t e g e r
Dim E As I n t e g e r
Dim GEDT As D o u b l e
Dim I L ,  บ ,  J L  As  I n t e g e r
Dim IMAX As I n t e g e r
Dim ร As I n t e g e r
Dim KE As D o u b l e
Dim Ml (2,  2) As D o u b l e
ReDim r b a r s ( N B S E G S )  As D o u b l e
M i d ,  1) = 2#
Ml ( 1 ,  2) = 1#
Ml (2 ,  1) = 1#
Ml (2 ,  2) = 2#
' . . .  F o r  s t e a d y - s t a t e ,  d i v i s o r  DT i n  GEDT i s  o n e  . . .

I f  (SSTATE) T h e n  DT = 1#
' . . .  Z e r o  o u t  m a t r i c e s  A & B a n d  v e c t o r  PHI . . .

IMAX = DIAG(NNODES)
F o r  I  = 1 To IMAX 

A ( I ) = 0#
B ( I ) = 0#

N e x t  I
F o r  I  = 1 To  NNODES 

P H I ( I )  = 0#
N e x t  I
. . .  M o d i f y  A a n d  PHI f o r  S3 b o u n d a r y  s e g m e n t s  . . .
I f  (ELEMS = 1) T h e n

F o r  ร = 1 To NBSEGS
I f  (BCTYPE(ร) = 3) T h e n

C l  = BETA(ร) * L (ร) /  2#
C2 = ALPHA(ร) * L (ร) /  6#
I f  (COORDS = 2) T h e n  r b a r s (ร) = (X(BNODE(1 ,

X(BNODE(2,
F o r  I L  = 1 To 2

ร ! ! )  V 2 #
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I  = BNODE( I L ,  ร)
I f  (COORDS = 1) T h e n  P H I ( I )  = P H I ( I )  + Cl
I f  (COORDS = 2) T h e n  PHI ( I )  = PHI ( I )  + Cl

* ( X ( I ) + 2# * r b a r s ( ร ) )  /  3#
DI = DIAG(I )
F o r  J L  = 1 To 2

J  = BNODE(JL, ร)
I f  "(COORDS = 1) T h e n  A ( I J )  = A ( I J )  + C2 * M 1 ( I L ,  JL)
I f  (COORDS = 2) T h e n  A ( I J )  = A ( I J )  + C2 * M 1 ( I L ,  JL)

* ( X ( I )  + r b a r s ( S ) )  /  2#
N e x t  J L  

N e x t  IL  
End  I f  

N e x t  ร
' . . .  C o n d u c t i v i t y  & g e n e r a t i o n / c a p a c i t y  t e r m s  f o r  AK & AG . . .

F o r  E = 1 To NELEMS
S D;  ะ,; 1, , ,  / DT

1 NODTOT = NTOTEL(E)
F o r  IL  = 1 To NTOTEL(E)

I  = NODE( I L ,  E)
DI = DIAG(I )
F o r  J L  = 1 To NTOTEL(E)

J  = NODE(J L ,  E)
บ  = DI + J  - I
A ( บ )  = A ( บ )  + AK ( IL ,  J L ,  E) * KE
I f  (COORDS = 2) T h e n  AG( I L ,  J L ,  E) = A G (I L ,  J L ,  E)

* ( X ( I )  + X ( J )  + 3# * RBAR(E ) ) ~ /  5#
B ( บ )  = B ( I J )  + AG ( IL ,  J L ,  E) * GEDT 

N e x t  J L  
N e x t  IL  

N e x t  E
' . . .  GENERATION TERMS FOR VECTOR PHI . . .

F o r  E = 1 To NELEMS 
F o r  IL  = 1 To 3 

I  = NODE( I L ,  E)
I f  (COORDS = 1) T h en  P H I ( I )  = P H I ( I )  + F( E)  * DELTA(E) /  3# 
I f  (COORDS = 2) T h e n  P H I ( I )  = P H I ( I )  + F(E)  * DELTA(E) /  3#

* ( X ( X) + 3# * RBAR(E) ) /  4#
N e x t  IL  

N e x t  E 
E l s e

MsgBox " s p e c i f i c  e l e m e n t  t y p e  i s  n o t  y e t  i m p l e m e n t e d  i n  ASEMBL", 
v b E x c l a m a t i o n

End  I f  
En d  Sub

P r i v a t e  Sub  Ne w V al (A ,  B, DIAG, EPS,  1ER, NBAND, ND, NNODES, PHI ,
ร STATE, บ, UNEW, U1)

' . . .  T h i s  s u b r o u t i n e  c o m p u t e s  t h e  new s o l u t i o n s  a t  t h e
' e n d  o f  a  t i m e  s t e p ,  u s i n g  t h e  f u l l y  i m p l i c i t  m e t h o d  . . .
Dim DI As I n t e g e r



Dim I J  As I n t e g e r
Dim JLOW, JHIGH As I n t e g e r
' . . .  Form LHS c o e f f i c i e n t  m a t r i x  a n d  RHS v e c t o r ,  a d j u s t e d  f o r  known
' D i r i c h l e t  v a l u e s  . . .

F o r  I  = 1 To NNODES
JLOW = M a x (1 ,  I  - NBAND)
JHIGH = Min(NNODES, I  + NBAND)
DI = DIA G( I )
I f  N o t  ND( I ) T h e n

' . . .  C a s e  o f  a  n o n - D i r i c h l e t  n o d e  . .  .
F o r  J  = JLOW To JHIGH 

บ  = DI + J  - I  
A ( บ  ) = A ( บ )  + B ( บ )

' . . .  Te rm  B ( I J ) * U ( J )  i s  f o r  t r a n s i e n t  c a s e  o n l y  . . .
I f  N o t  SSTATE T h e n  PHI ( I )  = PHI ( I )  + B ( บ )  * บ ( J )

N e x t  J  
E l s e
. . .  C a s e  o f  a  D i r i c h l e t  n o d e  . . .

F o r  J  = JLOW To JHIGH 
บ  = DI + J  - I  
A ( บ )  = 0#

N e x t  J  
A ( D I ) = 1#
PHI ( I )  = U 1 ( I )

End  I f  
N e x t  I
. . .  S o l v e  b a n d e d  s y s t e m  o f  s i m u l t a n e o u s  e q u a t i o n s  u s i n g  G a u s s i a n  

e l i m i n a t i o n  . . .
C a l l  G e l b ( P H I 1 A, NNODES, 1 ,  NBAND, EPS,  1ER)

' . . .  S i m u l t a n e o u s  e q u a t i o n s  n o t  s o l v a b l e  . . .
I f  (1ER = - 1 )  T h e n

MsgBox " S i m u l t a n e o u s  e q u a t i o n s  n o t  s o l v e d . " ,  v b C r i t i c a l  
E x i t  Sub

' . . .  P o s s i b l e  l o s s  o f  a c c u r a c y  i n  GELB . . .
E l s e l f  (1ER <> 0) T h en

MsgBox " W a r n i n g :  p o s s i b l e  l o s s  o f  s i g n i f i c a n c e  a t  e l i m i n a t i o n  s t e p  
P r o b l e m  I S  n o t  s o l v e d . " ,  v b C r i t i c a l  

End  I f
F o r  I  = 1 To NNODES 

UNEW(I) = P H I ( I )
N e x t  I 

E nd  Sub

P r i v a t e  Sub  F lu x e s ( A L P H A ,  BCTYPE, BETA, BNODE, DELTA, ES,  F,  G, K,
NBSEGS, NELEMS, NODE, NTOTBS, SEGTYP, SMATL, บ, 
X , Y )

' . . .  S u b p r o g r a m  f o r  d e t e r m i n i n g  t h e  f l u x e s  t h r o u g h  t h e  b o u n d a r y
' s e g m e n t s  ( p o s i t i v e  i n t o  t h e  medium)  . . .
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' . . .  D e c l a r a t i o n s  f o r  l o c a l  v a r i a b l e s  . . .
Dim B l ,  B2,  B3 As D o u b l e
Dim C l ,  C2,  C3 As D o u b l e
Dim DX, DY As D o u b l e
Dim E As I n t e g e r
Dim ERROR As D o u b l e
Dim GEN As D o u b l e
Dim Q As D o u b l e
Dim ร As I n t e g e r
Dim II As D o u b l e
Dim N I ,  N 2 , N3 As I n t e g e r
Dim SMALLQ As D o u b l e
Dim SUMGEN, SUMNEG, SUMPOS As D o u b l e
Dim TYPE_(3)  As s t r i n g
Dim UBAR As D o u b l e
TYPE_(1) = " D i r i c h l e t "
t y p e ” (2) = " I n s u l a t e d "
TYPE (3) = " M ix ed "

SUMNEG = 0# 
SUMPOS = 0#
. . .  E x a m i n e  e a c h  b o u n d a r y  s e g m e n t  i n  t u r n  . . .  
F o r  ร = 1 To NBSEGS

. . .  S e g m e n t  b e l o n g s  t o  l i n e a r  t r i a n g l e  ? . . .
I f (SEGTYP (ร) = 1) T h en  

I  = BNODE(1 ,  ร)
J  = BNODE(2 ,  ร)
DX = X ( I )  - X ( J )
DY = Y (J )  - Y ( I )
L = Sq r ( DX  A 2 + DY A 2 )
. . .  C h e c k  f o r  D i r i c h l e t - t y p e  b o u n d a r y  c o n d i t i o n  . . .

(BCTYPE(ร) = 1) T h en
E = ES (ร)
NI = NODE(1, E)
N2 = NODE(2, E)
N3 = NODE(3, E)
Bl = Y(N2) - Y (N3 )
B2 = Y(N3) - Y (NI)
B3 = Y(NI)  - Y (N2 )
Cl = X(N3) - X (N2 )
C2 = X ( N I ) - X (N3 )
C3 = X (N2) - X (NI)
Q =: ( บ (N1) * (Bl  * DY +

* DX) + U(N3) * (B3
DELTA(E) )

Cl  * DX) + บ (N2) 
* DY + C3 * DX ))

* (B2 * DY + C2
* K (E) /  ( 2 #  *

. . .  C h e c k  f o r  i n s u l a t e d - t y p e  b o u n d a r y  c o n d i t i o n  . . .  
E l s e l f  (BCTYPE(ร) = 2) T h e n  

Q = 0#
. . .  O t h e r w i s e ,  b o u n d a r y  c o n d i t i o n  i s  m i x e d  . . .
E l s e

Q = (BETA (ร) - ALPHA (ร) * ( บ น )  + บ ( บ ) )  /  2#)  * L
End  I f
SMALLQ = Q /  L 
I f  (Q < 0#) T h en
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SUMNEG = SUMNEG + Q 
E l s e

SUMPOS = SUMPOS + Q 
End  I f

' . . .  S e g m e n t  d o e s  n o t  b e l o n g  t o  a  l i n e a r  t r i a n g l e  . . .

s r «
N e x t  ร

' . . .  T o t a l  o f  e l e m e n t  g e n e r a t i o n  r a t e s  . . .
SUMGEN = 0#
F o r  E = 1 To NELEMS

UBAR = ( บ (NODE(1 ,  E ) ) + บ (NODE(2 ,  E ) ) + บ (NODE(3 ,  E ) ) )  /  3# 
GEN = ( F (E) - G(E) * UBAR) * DELTA(E)
SUMGEN = SUMGEN + GEN 

N e x t  E
ERROR = SUMGEN + SUMPOS + SUMNEG 

End  Sub

P r i v a t e  Sub  G e l b ( R ,  A, M, N, MUD, EPS,  1ER)
Dim MC As I n t e g e r
Dim MU As I n t e g e r
Dim ML As I n t e g e r
Dim MR As  I n t e g e r
Dim MZ As  I n t e g e r
Dim MA As  I n t e g e r
Dim NM As  I n t e g e r
Dim IC As  I n t e g e r
Dim ID As I n t e g e r
Dim I  As I n t e g e r
Dim I I  As  I n t e g e r
Dim IDST As I n t e g e r
Dim ILR As I n t e g e r
Dim J J  As I n t e g e r
Dim J  As I n t e g e r
Dim K As I n t e g e r
Dim KST As I n t e g e r
Dim PIV As D o u b l e
Dim TB As D o u b l e
Dim TOL As D o u b l e

On E r r o r  GoTo ERROR1
' . . .  T e s t  o n  w r o n g  i n p u t  p a r a m e t e r s  . . .

I f  (MUD < 0) T h e n  GoTo ERROR1 
MC = 1 + MUD * 2
I f  (MC + 1 - 2 * M > 0 )  T h e n  GoTo ERROR1

' . . .  P r e p a r e  i n t e g e r  p a r a m e t e r s  . . .
I f  (MC - M > 0) T h e n  MC = M 
MU = MC - MUD - 1 
ML = MC - MUD - 1 
MR = M - ML
MZ = (MU * (MU + 1 ) )  /  2
MA = M * MC - (ML * (ML + 1 ) )  /  2
NM = N * M
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. . .  Move e l e m e n t s  b a c k w a r d  a n d  s e a r c h  f o r  a b s o l u t e l y  g r e a t e s t  
e l e m e n t  ( n o t  n e c e s s a r y  i n  c a s e  o f  a  m a t r i x  w i t h o u t  l o w e r  
c o d i a g o n a l s )  . . .

1ER = 0 
PIV = 0#
I f  (MUD > 0) T h e n  

J J  = MA 
J  = MA - MZ 
KST = J
F o r  K = 1 To KST 

TB = A (J )
A (J J )  = TB 
TB = Ab s(TB)
I f  (TB - PIV > 0) T h e n  PIV = TB 
J  = J  -  1 
J J  = J J  - 1 

N e x t  K
. . .  I n s e r t  z e r o s  i n  f i r s t  MU r o w s  ( n o t  n e c e s s a r y  i n  c a s e  MZ=0) . . .

I f  (MZ > 0) T h e n  
J J  = 1 
J  = 1 + MZ 
IC = 1 + MUD 
F o r  I  = 1 To MU 

F o r  K = 1 To MC 
A (J J )  = 0#
I f  (K - IC <= 0) T h e n  

A ( J J )  = A ( J )
J  = J  + 1 

End  I f  
J J  = J J  + 1 

N e x t  K 
IC = IC + 1 

N e x t  I 
End  I f  

End  I f
. . .  G e n e r a t e  t e s t  v a l u e  f o r  s i n g u l a r i t y  . . .
TOL = EPS * PIV
. . .  S t a r t  d e c o m p o s i t i o n  l o o p  . . .
KST = 1 
IDST = MC 
IC = MC - 1 
F o r  K = 1 To M

I f  (K - MR - 1 > 0) T h e n  IDST = IDST - 1 
ID = IDST 
ILR = K + MUD
I f  ( ILR - M > 0) T h e n  ILR = M 
I I  = KST
. . .  P i v o t  s e a r c h  i n  f i r s t  c o l u m n  ( ro w i n d e x e s  f r o m  I=K u p  t o  

I= IL R )  . . .
PIV = 0#
F o r  I  = K To ILR 

TB = A b s (A ( I I ))
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I f  (TB - PIV > 0) T h e n  
PIV = TB 
J  = I 
J J  = I I  

End  I f
I f  ( I  - MR > 0) T h e n  ID = ID - 1 
I I  = I I  + ID 

N e x t  I
. . .  T e s t  o n  s i n g u l a r i t y  . . .
I f  (P IV <= 0) T h e n  Goto  ERROR1 
I f  (1ER = 0) T h en

I f  (PIV - TOL <= 0) T h e n  1ER = K - 1 
End  I f
PIV = 1# /  A (J J )
. . .  P i v o t  ro w r e d u c t i o n  a n d  ro w  i n t e r c h a n g e  i n  r i g h t  h a n d  

s i d e  r  . . .
ID = J  - K
F o r  I  = K To NM s t e p  M 

I I  = I  + ID 
TB = PIV * R ( I I )
R ( I I )  = R ( I )
R ( I  ) = TB

N e x t  I
. . .  P i v o t  ro w r e d u c t i o n  a n d  ro w  i n t e r c h a n g e  i n  c o f e e i c i e n t  

m a t r i x  A . . .
I I  = KST 
J  = J J  + IC 
F o r  I  = J J  To J  

TB = PIV * A ( I )
A ( I  ) = A ( 11 )
A ( I I ) = TB
I I  = I I  + 1 

N e x t  I
. . .  e l e m e n t  r e d u c t i o n  . . .
I f  (K - ILR < 0) T h en

ID = KST
I I  = K + 1
MU = KST + 1
MZ = KST + IC
F o r I  = I I To ILR

. . .  i n  m a t r i x  A . . .
ID = ID + MC 
J J  = I  - MR - 1 
I f  ( J J  > 0) T h en  ID = ID - J J  
PIV = - A ( ID)
J  = ID + 1
F o r  J J  = MU To MZ

A ( J  -  1) = A ( J )  + PIV * A ( J J )
J  = J  + 1 

N e x t  J J  
A ( J  - 1) = 0 #
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. . .  i n  m a t r i x  R . . .
J  = K
F o r  J J  = I  To NM S t e p  M

R ( J J )  = R ( J J )  + PIV * R (J )  
J  = J  + M 

N e x t  J J  
N e x t  I

i T ( L f -  0) T h e »  IC  .  IC - 1
ID = K - MR
I f  ( ID > 0) T h e n  KST = KST - ID 

N e x t  K
. . .  e n d  d e c o m p o s i t i o n  l o o p  . . .

1 . . .  b a c k  s u b s t i t u t i o n  . . .
I f  (MC - 1 <= 0) T h e n  E x i t  Sub  
IC = 2
KST = MA + ML - MC + 2 
I I  = M
F o r  I  = 2 To M 

KST = KST - MC 
I I  = I I  - 1 
J  = I I  -  MR
I f  ( J  > 0) T h e n  KST = KST + J  
F o r  J  = I I  To NM S t e p  M

เร ่  ะ ï j ? *  IC ; 2
ID = J
F o r  J J  = KST To MZ 

ID = ID + 1
TB = TB - A (J J )  * R ( ID)

N e x t  J J  
R ( J )  = TB 

N e x t  J
I f  ( I C  - MC < 0) T h en  IC = IC  + 1 

N e x t  I 
E x i t  Sub

' . . .  e r r o r  r e t u r n  . . .
ERROR1ะ

1ER = -1  
End  Sub

F u n c t i o n  Max(A,  B)
' . . .  s u b f u n c t i o n  u s e d  t o  f i n d  maximum v a l u e  o f  A a n d  B . . .

I f  A > B T h en  
Max = A 

E l s e
Max = B 

End I f
End  F u n c t i o n
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F u n c t i o n  M in (A ,  B)
' . . .  รนb f u n c t i o n  u s e d  t o  f i n d  min imum v a l u e  o f  A a n d  B . . .

I f  A < B T h en  
Min = A 

E l s e
Min  = B 

End  I f
End F u n c t i o n

C7 Source Code of Module "Complementary"
• ★ ★ ไ*โ**★ ใ*โ**★ ★ ★ ★ ★ ★ ★ ★ ★ ใ*:*★ ★ ไ*โ, ไAโ★ ★ ไ*:**★ ไ*โ****★ ★ ★ ★ ★ ไ*:ไ*โ*ไ*โ*ไ*โ• ★ ★
' * *  T h i s  m o d u l e  i s  u s e d  f o r  o t h e r  c o m p l e m e n t a tI ★ ★I★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★

★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ * *★ ★ ★ ★ ★ ★ * ★ ★
i o n s  o f  p r o g r a m .  ** ★  ★★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★

P u b l i c  f M a i n F o r m  As f r m M a in

Sub  M a i n O
S e t  f M a i n F o r m  = New f r m M a in  
f M a i n F o r m . Show 

End  Sub
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