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Sub GaussianElimination(Xpos, Ypos)

! kkkkkkkkkkkkkkkkhkkkkkkrkkkhkkkrhx

' * GAUSSIAN ELIMINATION

! kkkkkkkkkkkkkkkxkkkkrkkkkkkkkkkkkx

' COEF = SOLUTION VECTOR

" FLAG = ERROR FLAG

" NEQN% = NO. OF EQUNS.

A = COEFF. MATRIX

' Z = CONSTANT VECTOR

Dim A(100, 100), Z(100), Coef(100)

Do
Cls
Print "SOLUTION OF SIMULTANEOQUS LINEAR EQUATION"
Print " BY GAUSSIAN ELIMINATION WITH PIVOTING"
Print
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Print "No. of Equations N = ";

NEQN% = Val(InputBox("NO. OF EQUATIONS =", ", , Xpos, Ypos))

Print NEQN%

Print

MsgBox (“Ready to Enter Data Sets")

Call EnterEquations(NEQN%, A, Z, Xpos, Ypos)

Call Gauss(NEQN%, A, Z, Coef, Flag)

Call EliminationResults(NEQN%, Coef, Flag)

NewProjYN$ = InputBox("RUN Next Problem <Y/N>?", ™ "N", Xpos, Ypos)
Loop While NewProjYN$ <> "N" And NewProjYN$ <> "n"
End Sub

Sub EnterEquations(N, A, Z, Xpos, Ypos)
Forl=1ToN
Do
Cls
Print
Print "EQUATION #"; I; " :"
Print
ForJ=1ToN
Print "COEFF#", J;" =",
A(l, J) = Val(InputBox("Coefficient of Equation”, "A(1,J)", , Xpos, Ypos))
Print A(l, J)
Next J
Print"Z(", I, ") =",
Z(1) = Val(InputBox("Enter Z(I) =", "Z(1)", , Xpos, Ypos))
Print Z(1)
CorrectYN$ = InputBox("Coefficients Correct <Y/N>?", ™, "Y", Xpos, Ypos)
Loop While CorrectYN$ = "N" Or CorrectYN$ = "n"
Next |
End Sub

Sub EliminationResults(N, Coef, Flag)
If Flag <> 1 Then
Cls
Print
Print "** SOLUTION  of "; N; " Equations are:"
Print
Forl=1ToN
Print "X("; I, ") =", Coef(l)
Next |
Print
End If
End Sub
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Sub Gauss(N, A, Z, Coef, Flag)

! kkkkkkkkkkkkkkkkkkkk

' SUBROUTINE GAUSS

1 *kkkkkkkkkkkkkkkkkkk

"N = No. of Simultaneous Equations
"A = Coefficient Matrix

'z = Constant Vector

"Coef = Solution Vector
"Flag = Solution and/or Error Flag
' Flag = 1 for matrix singular

Flag=0

"----START
Forl=1ToN-1

BIG = Abs(A(l, 1))
L% = I: Rem L%= BIG ELEM.
IPL=1+1

'-----CHECK FOR BIG ELEMENT

ForJ=IP1ToN
If (Abs(A(J, 1)) > BIG) Then
BIG = Abs(A(J, 1))
L% =1J
End If
Next J
If (BIG = 0!) Then
Flag=1
Exit For
End If

If (L% <> 1) Then

ForJ=1ToN
HOLD = A(L%, J)
A(L%, J) = A(l, J)
A(l, J) = HOLD

Next J

HOLD = Z(L%)

Z(L%) = Z(1)

Z(l) = HOLD

End If
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-----ELIMINATION

ForJ=IP1ToN
TEMP = A(J, 1) 1 A(l, I)
ForK=IP1ToN
A(J, K) = A(J, K) - TEMP * A(l, K)
Next K
Z(J)=Z(J) - TEMP * Z(I)
Next J
Next |

'-----BACK SUBSTITUTION

If Flag = 0 Then
If (A(N, N) = 0) Then
Flag=1
Else
Coef(N) = Z(N) / A(N, N)
Forl=N-1To1Step-1
TEMP =0
ForJ=1+1ToN

Next J
Coef(l) = (Z(I) - TEMP) [ A(l, )
Next |
End If
End If

'-----RETURN TO USER'S PROGRAM

If (Flag = 1) Then

Print "ERROR: Matrix singular !'"
End If
End Sub

Private Sub Start_Click()

Xpos = 8500

Ypos = 6000

Call GaussianElimination(Xpos, Ypos)
End Sub

TEMP = TEMP + A(l, J) * Coef(J)
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1. FEFF2X Sub Gauss(N, A, Z, Coef, Flag) BIEBR AL :

(D) F W WGEN -

(2) fag LA G AQL D) 2 Z(1) -

(3) #h i~ E'J?E?“ Call Gauss(N, A, Z, Coef, Flag) -
(4) HE[7HN £ Coef(l) -
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CALL Gauss Jordan
SRR Z ()
B - ey

GaussJordan |2
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FLAG=0

Do for | =1 to NEQN%
| Index(1,3)=0

Det=0

@ i R X

Do for | =1 to NEQN%
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| | | |Z(L,LL)=Z(L,LL)-Z(Icol%,LL)* Temp

@[]0 gk PR

Do for | =1to NEQN%

L =NEQN%- | +1

Do while Index(L, 1) <> Index(L,2)

Irow% = Index(L,1)

Icol% = Index(L,2)

Do for K =1 to NEQN%

| Swap A(K,Irow%), A(K,Icol%)

O TN B2

RFSRERLEA
A R > AN, N) > ﬁh‘fﬁ e bk J'J £, A BT tr';,é_l
BIG: ALY VEAR R AR

DET:  4ibfi A F791% il
FLAG:  SHRUZ[S » 0 A i » LAGRL (S )
HOLD @ 17 fl
INDEX @~ {=Hifffi >
INDEX (I, 1) % Wrj[iaiz o oF i ;
INDEX (I, 2) 7l il 3k o ff
INDEX (1, 3) 7 BIG i » 0 AF 5% BIG » 1 &=145%]
NEQN% : A= gt !
NVEC:  H{Biikii b - NVEC = 0o A™
PIVOT @ S iU 7o %
TEMP: &5 i

[!
Z: ﬁ gﬂl:[ b_fji‘:@ﬂ“\” [/}?Jzii

BERXH -

Sub GaussJordanElimination(Xpos, Ypos)

nnnnnnnnnnnnnnnnnnnnnn

* GAUSSIAN JORDAN ELIMINATION

kkkkkkkkkkkkkkkkkkkkkkkkkdkhkkhkrhkhkhrkhdirrs

" FLAG =ERRORFLAG
" NEQN =NO. OF EQUNS.
A = COEFF. MATRIX
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VA = CONSTANT VECTOR / RETURN SOLUTION VECTOR
INDEX = WORK MATRIX
" DET  =DETERMINANT
" INV% =PRINT INVERSE FLAG
" NVEC =NO.OF CONSTANT VECTOR
" NVEC =0FOR MATRIX INVERSION
Dim A(100, 100), Z(100, 5), Index(100, 3)
Do
Cls
Print "SOLUTION OF SIMULTANEOUS LINEAR EQUATION"
Print " BY GAUSS-JORDAN ELIMINATION WITH PIVOTING"
Print
Print " No. of Equations N =";
NEQN% = Val(InputBox("NO. OF EQUATIONS =", ™, , Xpos, Ypos))
Print NEQN%
Print
Print "No. of Constant Vector (0 for matrix inversion) Nvec = ";

Nvec = Val(InputBox("NO. OF CONSTANT VECTOR =", Nvec, 1, Xpos, Ypos))

Print Nvec

MsgBox ("Ready to Enter Equation Parameters")

Call EnterEquations(NEQN%, Nvec, A, Z, Xpos, Ypos)
Call GaussJordan(NEQN%, Nvec, A, Z, Index, Flag)
Call EliminationResults(NEQN%, Nvec, Z, Flag)

NewProjYN$ = InputBox("RUN Next Problem <Y/N>?", ™, "N", Xpos, Ypos)

Loop While NewProjYN$ <> "N" And NewProjYN$ <> "n"
End Sub

Sub EnterEquations(N, Nvec, A, Z, Xpos, Ypos)
ForI=1ToN
Do

Cls

Print

Print "EQUATION #"; I; " :"

Print

ForJ=1ToN

Print "COEFF#" J; " ="

A(l, J) = Val(InputBox("Enter Coefficient ", "A(l,J)", , Xpos, Ypos))

Print A(l, J)
Next J
If Nvec > 0 Then
ForJ=1To Nvec
Print "Constant C("; I; ","; J; "

) ="
Z(l, J) = Val(InputBox("Enter Z(l, ) "Z(1,9)", , Xpos, Ypos))

Print Z(1, J)
Next J
End If

CorrectYN$ = InputBox("Coeff Correct <Y/N>?", "™ "Y", Xpos, Ypos)
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Loop While CorrectYN$ = "N" Or CorrectYN$ = "n"
Next |
End Sub

Sub EliminationResults(NEQN%, Nvec, Z, Flag)
If Flag <> 1 And Nvec > 0 Then
Cls
Print
Print "** SOLUTION  of "; NEQN%; " Equations are:"
Print
ForJ=1To Nvec
Print "SET #"; J
Forl=1To NEQN%
Print " " Z(1,J)
Next |
Print
Next J
End If
End Sub

Sub GaussJordan(NEQN%, Nvec, A, Z, Index, Flag)

" GAUSS-JORDAN SUBROUTINE

"NEQN% = No. of Equations

"Nvec = No. of Constant Vectors

"A = Matrix, Equation Coefficients

'z = Multi-row Constant Vectors / Return Solution Vector
"Index = Work Matrix

'Flag = Error Flag, 1 = matrix singular

Flag=0: 'CLEAR ERROR

If Nvec = 0 Then Inv% = 1

For =1 To NEQN%
Index(l, 3) =0

Next |

DET=0

Forl=1To NEQN%

' --SEARCH FOR PIVOT ELEMENT
BIG=0
ForJ=1To NEQN%
If (Index(J, 3) <> 1) Then
For K =1 To NEQN%
If (Index(K, 3) > 1) Then
Flag=1
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Print "Flag = 0 @ Index("; K; ",3) >1"
Exit For
Exit For
Exit For
Elself (Index(K, 3) < 1) And (BIG < Abs(A(J, K))) Then
lrow% =J
Icol% =K
BIG = Abs(A(J, K))
End If
Next K
End If
Next J
Index(Icol%, 3) = Index(Icol%, 3) + 1
Index(l, 1) = Irow%
Index(l, 2) = Icol%

-- PUT PIVOT ON DIAGONAL
If (Irow% <> Icol%) Then
DET = -DET
For L =1 To NEQN%
Temp = A(Irow%, L)
A(Irow%, L) = A(Icol%, L)
A(Icol%, L) = Temp
Next L
If Nvec >= 1 Then
ForL=1To Nvec
Temp = Z(Irow%, L)
Z(Irow%, L) = Z(Icol%, L)
Z(Icol%, L) = Temp
Next L
End If
End If

"--- (PIVOT ROW) / (PIVOT COLUMN)
Pivot = A(lcol%, Icol%)
DET = DET * Pivot
A(Icol%, Icol%) = 1!
For L =1 To NEQN%
A(Icol%, L) = A(Icol%, L) / Pivot
Next L
If (Nvec >=1) Then
ForL=1To Nvec
Z(Icol%, L) = Z(Icol%, L) / Pivot
Next L
End If

' -- REDUCE NONPIVOT ROWS
ForL=1To NEQN%
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If (L <> Icol%) Then
Temp = A(L, Icol%)
A(L, Icol%) = 0!
For LL =1 To NEQN%
A(L, LL) = A(L, LL) - A(Icol%, LL) * Temp
Next LL
If (Nvec >= 1) Then
For LL=1To Nvec
Z(L, LL) = Z(L, LL) - Z(Icol%, LL) * Temp
Next LL
End If
End If
Next L
Next |

" --INTERLCHANGE COLUMNS
If Flag <> 1 Then
For1=1To NEQN%
L=NEQN%-1+1
If (Index(L, 1) <> Index(L, 2)) Then
Irow% = Index(L, 1)
Icol% = Index(L, 2)
For K=1To NEQN%
Temp = A(K, Irow%)
A(K, Irow%) = A(K, Icol%)
A(K, Icol%) = Temp
Next K
End If
Next |
For K =1 To NEQN%
If (Index(K, 3) <> 1) Then Flag = 1
Next K
Flag=0
If (Inv% = 1) Then
If (DET = 0) Then
Flag=1
Else
Print
Print "** Matrix Inverse : "
Print
For|=1To NEQN%
ForJ=1To NEQN%
Print A(l, J);
Next J
Print
Next |
Print
Print "Determinant = "; DET
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Print
End If
End If
End If

-- RETURN TO USER'S PROGRAM
If (Flag = 1) Then Print "ERROR: Matrix singular !'"
End Sub

ARBIRRGER
EalIIeRe=Eat TR - Eal 18 g
-3x-y+11z=0
13x-8y-3z=20
-8x+10y—-z=-5

R O o

** SOLUTION of 3 Equations are:

SET#1
3
2
1

RUN Next Problem <¥/H=?
HiH

CHEER  Copyright RESI 2001 B 46 AT |
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gzl= Bt STER BsER

SI0ET  SHTEREN V4

FI 2 TR i 2P R e iy e B R TR P S B R kR
e ﬁ@“%ﬂﬁ*ﬁ ﬁﬁﬁéi iﬂﬂﬁwﬁtW@’ Ry

methOd) F‘ i i l*?ifﬁ“ﬁ B PW il*?‘ Jﬁq’jﬁ* ﬁ[*“‘ﬁ%“”ﬂfb e TLELA R AL
A SELE - SREA ST ERGER i ER RIS e
BB - AR R B ST R P B T RS (Round-off error)
T PREE BT A o 9F > pIORER PR (B I T AR R
Pl PP & i -

B (4-2.0) B D S S A

-3x-y+11z=0
13x-8y-3z=20 (4-2.2)
-8x+10y-z=-5

SR A BT A X U RS
_y-1lz
-3
FUH X B - ;:tl*ﬁfrf% y M Z SRR B0 BT Xy 2355 0 Y-
SEE PR X £ O o [P 5T SO yﬂiiﬁmlﬁw e
:—13x+32+20

(4-4.1)

442
o (4-4.2)
B XS 00 Z [ ER 00 (40 ISl y = -25 ¢ AJRHE Sz

- &013’_5 (4-4.3)

P XS Oy [T SRR -25 0 fEHE] 2 [0 SER G 2 = 20
FIIR I PRSI EE PSRRI
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S R _y-11z _~13x+3z+20 _8x-10y-5
-3 -8 -1
0 0.00 0.00 0.00
1 0.00 -2.50 —-20.00
2 —-72.50 -112.81 -543.13
3 -1,953.85 —-2,973.84 -14,102.58
4 -50,718.17 -77,131.06 -365,560.26
5 -1,314,677.25 -1,999,267.94 -9,475,256.39
6 -34,076,184.11 -51,820,580.54 -245,596,327.47
7 —883,246,340.53 -1,343,176,683.06 —6,365,796,101.38

ORI 3F (R 0 Wehy = DGR
TR o WIS (4-4.0) » ¥ z AURERE R  IINOU RSV x OGS
I 2[R PR 10 6 - [ Wﬂﬁ 2 (442) frAY ﬂ%ﬂﬁPfoJ?i%%* 13
[ = ZUREER Ty pUREE ﬁ“ 10 % = NI *“ail*ﬁﬁlﬁl@?i’% PRl = -

PGl > 25 P o W7 EJEJ\I'IE’TI‘PF et RV - s s
Poe PPN E PP IRl A AR R ARG Uc‘f@ﬁiﬁﬂyfﬂiﬁ“%g Fi
R (420) 0N SR T 2 SR

13x-8y-3z=20

oFJﬁ@’@ﬁimﬂm[FT}

-8x+10y—-z=-5 (4-4.4)

-3x-y+11z=0

(AR P e > RISPEEEE A R sy
_20+8y+3z (4-4.5)
13
_8+2z-5 (4-4.6)
10
7=+ (4-4.7)
11

gjf{&lﬂﬂ—“‘ﬂj%‘g =, [//j‘”ﬂéﬁﬁjé" 7{/%/746/(// //ﬁ’(ﬁ{f; 2 P94 ﬁﬁ]ﬁf/ a’ﬁ/g?ﬂ::ﬁﬁ
%, ﬁ/f}@ — L g R T
%[JF' e (4 45) - (4-46) ¥ (&47) (31 x>y 2 3955
BRI

0 fFRER - L
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S 2l 2 _ 20+8y+3z _8x+z-5 3X+y

jir\,/\gr X_T y_T 7= m
0 0.000000 0.000000 0.000000
1 1.538462 0.730769 0.486014
2 2.100323 1.228860 0.684530
3 2.452651 1.530574 0.808048
4 2.666826 1.714265 0.883158
5 2.797200 1.826076 0.928880
21 2.999928 1.999938 0.999975
22 2.999956 1.999962 0.999985
23 2.999973 1.999977 0.999991

P il i s SR (8 Dol (3, 2, 1) o R R AT AR N U = T

PEE = o2 L s R R R g~ SRS P = ﬂL:TEJwEU‘ PRI R Fljf\’ﬁrf?&l
xiﬁﬁi%ﬁgkﬁ"Jlﬁﬂ@ﬁﬁ@ﬂ@ikﬁiiwgﬂ%iiﬁhﬁk

[#ﬂ i%ﬁﬁhﬁ B RBERe () o (IE P sR I e I B
CE ST I HE X iR X (J) V- SERRTEH L X, o AR R EE o B By
X+ 1) flith

X(I+D =A% X, +(L-2)*X(J) (4-4.8)

Aﬁ'}’ﬂ:lﬁ\ﬂj > SRR (B By AR - - lHQF'JF;[ A% BT A AR AT 0
% 2fH > B 0< 4 <2

L
B EESA

W“fﬁp@iﬁi%ﬁ s AL T RO TS R e A
(4-2.1) -
3
TOP-DOWN &%
TE I SR IO R R RS AX =B - PR R R
AW A (L, Bt Z (1) » 3F A R B COEF (1) «
IR BB [ A L B 5T AR
Lo 53 SR o R ﬁﬁﬁf;
.gwiﬁﬁﬁiﬁHW@lié
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S =

2723 GaussSeider

RS



£ 4 R AVE L Yt pani el

RIBREREA -
A: LR A (N, N)
BIG : ALY R B

COEF: il

FLAG: #1457 2

HOLD: 7

ITER% : 3 (oo

LAMBDA : &8 A

NEQN% : HAH="gt!

OVER% : ¥ l=fid » 14~ xal > O A= e % (F
Tolerance : l[iarﬁ PN EE SR E o B

RS :

Sub GaussSeiderElimination(Xpos, Ypos)

kkkkkkkkkkkkkkkkkkkkdhhkkkkhkhkhkkhkrkkhdir

GAUSS - SEIDER ITERATION

kkkkkkkkkkkkkkkkhkkkrhkkkkkkkkkkkxkkrhxkdxk

MY B
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Do

A = COEFF. MATRIX

COEF = SOLUTION VECTOR

FLAG = ERROR FLAG

LAMBDA = RELAXATION FACTOR
NEQN = NO. OF EQUNS.

Tolerance = ABS. ERROR TOLERANCE
YA = CONSTANT VECTOR

Dim A(100, 100), Z(100), Coef(100)

Cls

Print "SOLUTION OF SIMULTANEOQUS LINEAR EQUATION"
Print " BY GAUSS-JORDAN ELIMINATION WITH PIVOTING"
Print

Print "No. of Equations N = ";

NEQN% = Val(InputBox("NO. OF EQUATIONS =",, , Xpos, Ypos))

Print NEQN%

Print "Error Tolerance = ";

Tolerance = Val(InputBox("Error Tolerance =", ", 0.00001, Xpos, Ypos))
Print Tolerance

Print "Relaxation Factor = ";
Lambda = Val(InputBox("Relaxation Factor [0< ; >2] =", 0.5, Xpos, Ypos))
Print Lambda

Print "Maximum Iteration Number =";

Imax% = Val(InputBox("MAX. ITERATION NUMBER =",, 10, Xpos, Ypos))
Print Imax%

MsgBox ("Ready to Enter Equation Parameters")

Call EnterEquations(NEQN%, A, Z, Xpos, Ypos)
Call GaussSeider(NEQN%, A, Z, Coef, Flag%, Imax%, Lambda, Tolerance)
Call EliminationResults(NEQN%, Coef, Flag%)

NewProjYN$ = InputBox("RUN Next Problem <Y/N>?", ", "N", Xpos, Ypos)

Loop While NewProjYN$ <> "N" And NewProjYN$ <> "n"
End Sub

Sub EnterEquations(N, A, Z, Xpos, Ypos)

ForI=1ToN
Do
Cls
Print
Print "EQUATION #"; I; " :"
Print
ForJ=1ToN
Print "COEFF#" J; " ="
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A(l, J) = Val(InputBox("Enter Coefficient ", "A(l,J)", , Xpos, Ypos))
Print A(l, J)
Next J
Print "Constant = ";
Z(l) = Val(InputBox("Enter Z(1) =", "Z(1)", , Xpos, Ypos))
Print Z(1)
CorrectYN$ = InputBox("Coeff Correct <Y/N>?", "™, "Y", Xpos, Ypos)
Loop While CorrectYN$ = "N" Or CorrectYN$ = "n"
Next |
End Sub

Sub EliminationResults(NEQN%, Coef, Flag%)

If Flag% <> 1 Then
Print
Print "** SOLUTION of "; NEQN%; " Equations are:"
Forl=1To NEQN%
Print Format(Coef(l), " 0.000000E+00");
Next |
Print
End If
End Sub

Sub GaussSeider(NEQN%, A, Z, Coef, Flag, Imax%, Lambda, Tolerance)
' Clear Error Flag and Registers

Flag=0
Forl=1ToNEQN% -1
BIG = Abs(A(l, 1))
L=1
ForJ=1+1To NEQN%
If (Abs(A(J, 1)) > BIG) Then
BIG = Abs(A(J, 1))
L=1J
End If
Next J
If BIG =0 Then
Flag=1
Exit For
Elself L <> | Then
ForJ=1To NEQN%
HOLD = A(L, J)
AL, J) = A(l, J)
A(l, J) = HOLD
Next J
HOLD = Z(L)
Z(L) = Z(l)
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Z(l) =HOLD
End If
Next |

"INITIALIZE

Cls

If (A(NNEQN%, NEQN%) = 0) Then
Flag=1

Else
For1=1To NEQN%

Coef(l) =0

Next |

' --START INTERATION
Print
Print "ITERATION"
lter% =0

Do
Iter% = Iter% + 1
If (Int(Iter% / 50) * 50 = Iter%) Then Print
OVER% =0
ForJ=1To NEQN%
Sum = Z(J)
For K =1 To NEQN%
If (J <> K) Then Sum = Sum - A(J, K) * Coef(K)
Next K
HOLD = Sum/A(J, J)
If (Abs(HOLD - Coef(J)) < Tolerance) Then
OVER% =0
Else
OVER% =1
End If
If (HOLD * Coef(J) < 0) Then HOLD = (Coef(J) + HOLD) / 2
Coef(J) = Lambda * HOLD + (1 - Lambda) * Coef(J)
Next J
Loop While (Iter% <= Imax%) And (OVER% = 1)

If (OVER% <> 0) Then Flag = 1
End If

" -- CHECK FLAG AND RETURN
If Flag = 1 Then Print " ** No solution or solution is not convergent!!"

'-- CHEER by Ron Hsin Chang, Copyright 2001
End Sub
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BIRXEALE
1. 23X GaussSeider (NEQN%, A, Z, Coef, Flag, Imax%, Lambda, Tolerance) fi{#
B7AETF
(1) fag * HAEECE NEQN% ~ FRECHIT A > Z -
(2) ﬁl‘ﬁﬁ‘ KU Tolerance ~ #% &7 Lambda ~ ® & 3% [HE Imax% o
(3) PEIL 1A= Call GaussSeider (NEQN%, A, Z, Coef, Flag, Imax%, Lambda,
Tolerance) -

(4) EJEFAT}RFEEEP%& £% Flag > #difN £% Coef -

AHFBRER
ORI

-3x-y+11z=0
13x-8y-3z=20
-8x+10y-z=-5

SOLUTION OF SIMULTANEOUS LINEAR EQUATION
BY GAUSS-JORDAN ELIMINATION WITH PIVOTING

Mo of Equations W= 3

Error Tolerance = 0.00001
Relaxation Factor = 1

haximum lteration Mumber = 100

x|

Ready to Enter Equation Parameters

CHEER  Capyright RESI 2001 B 45 34T

B R
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[TERATION

SOLUTION of 32 Equations are:
2 999956E+00 1.999962E+00 9 999346E-01

NEXT PROELEM x|
RUN Next Problem <Y/ =7
HiE |
[
CHEER  Copyright RESI 2001 B 45 34T

SOl B HIENEALLR V4

P o B SIS S BRI ST P R U
e R e 'ﬁ@rﬁfrﬁg,p%ﬁ I8 B O3 O B RS £ T
L - [ i‘“ﬁf" L BRI 1 B ks SR ISR S o
S FBESTRER « P A O TR B

FI’J ZEZ)’T?F{H * fﬂgj e F'IJ_ :igf% i
(= f0 ) (2 HmE ) (B )
EnB n’ 2 n?

[ 1) 0= 100 SRR AP J%zﬁ %4571'%8 1550 - »ﬁ%@éﬁr FlI= e i3k
fxgié,h»ﬁ[x;ggzﬁ;‘rlg 900 & » [HF=, ;ilxﬁgfgpw 345 (ANl 3) 0 HlaH
CpE T, EJJ’ Iﬁ_l ,&ﬂjf&@j IX?E_["’E\jJ: ) E[[Jﬁ{‘;ﬁ[ Tﬁ RIS ﬁ'y]”ﬁﬁ Z! ]TF?IT:[ 0
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gzl= Bt STER BsER

p % - :
B 4-4 Bk e
FII A e 7 RS S A A SRR DAV -
WARE

?%W@D““Mwﬁ%“i FWWZ4?@W%T%%ﬁ°Hﬁ@ﬂﬁ%a
% AX =2 > HIFHCHIF HSpE B 42 7% -

AEER
PIRE A iy SR R i D-IV o Bl st = = o R s Bl = I

Fle £, Hﬁ%ﬂj : ijtl
** SOLUTION
8.200000E+01 6.000000E+02 2.977778E+02
7.700000E+02 3.500000E+02 1.075556E+03
7.000000E+02 3.000000E+02 4.888889E+02
7.000000E+01 5.000000E+01 5.866667E+02
4.200000E+02 2.000000E+02 3.9111111E+02
7.000000E+01 5.000000E+01 8.8000000E+02
2.800000E+02 1.000000E+01 9.7777778E+01
4.200000E+02 2.000000E+02 9.7777778E+01

FEEFIR I 4.2 v S S - %fi%i%f*iﬂﬁ%:“ » 2 i}@gq%ﬁ?% - HRL

PORL PSS U 2 S 610 7o
ﬁﬁ@ﬁﬁoﬁwwﬁf*:
B S
‘[Hfﬁﬂiﬂ PRI % o 2 B ey 1 flinEY

ﬁ';ﬁ%mﬁﬁmi p”ﬂED
L et T
2. F il SR

=

iﬁ‘d if =

vy

IJF[

7 Hﬂﬁﬁ—k Hi —(S4A) + 10 (SBA) = :Irﬁw 01(S4A) + (SSA) 0 -

3. EIYFFLF J?—fr fililkf “M s Iﬁlng JJ%%\ %%” BIG a_jﬁj/ﬁ:jj .
AR BT R YT, 8, 9131415HﬂﬁW%ﬂ%@@’ﬁ“ﬁ%-
FOEE (A 39 Mo 8 AR RI0T ORI o I PR RIS By S

5|3f'f‘,o

4-33

“OUAL B



B fE BRI RER

** SOLUTION
8.19998E+01 6.00000E+02 2.97777E+02
7.69997E+02 3.50000E+02 1.07555E+03
6.99998E+02 3.00000E+02 4.88888E+02
6.99997E+01 5.00000E+01 5.86666E+02
4.19999E+02 2.00000E+02 3.91110E+02
6.99997E+01 5.00000E+01 8.79999E+02
2.79999E+02 1.00000E+01 9.77776E+01
4.19999E+02 2.00000E+02 9.77776E+01
S2 S3 7! S5 S6 S7 S8 S9
A|B|C|A|B|C|A|B|C|A|B|C|A|B|C|A|B|C|A|B|C|A|B|C|Z
1 -1 400
1 -1 400
1 -1(200
0.7 -1 0.7 0
0.5 -1 0.5 0
0.3]0.5] 1 -1 0.3]0.5] 1 0
-1 10 0
-1 6 0
-6 5 0
1 -1 -1 0
1 -1 -1 0
1 -1 -1 0
2 -3 0
1 -2 0
1 -4 0
1 -1 -1 0
1 -1 -1 0
1 -1 -1 0
6 -1 0
4 -1 0
1 91 0
1 1 -1 -1 0
1 1 -1 -1 0
1 1 -1 -1]1 0
4.2 FXETREEE D-IV BORBUR W AR
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B/ E  =HEIRBEHIEDN 4

= SPERUEID A (Tridiagonal matrix equation) Fy7Ef" “Ififfi (Jacobi matrix)
A AT [ R SRR B P - R (CSTR) Rt
EN P‘/%’[J“J"EJ[H;@ 73 iEJ?i i l;E_FI F %‘EEJJ:{%F[‘ S o

= B SUR RS R E}ﬁﬁﬁﬁlﬁé U REFEREE > H PR RIS [N
I R Ay R A SR o DL = S AR A £ Jﬂ%ﬁﬁﬁlﬁ%“
ST E'U%lﬁl“ | N2 i 43&‘#"*? 2 G E“ET“JE‘:%”‘Q'*"IE{:F'UE%F o I ﬁn’f IS
Z Ll ”P“%HJ* °

AUE Y= BFE R A

AX=2Z (4-6.1)

(@, 7, 0 0 0 O
P a, v, 0 0 0 [|X%
0 fy a3 73 0 0O
0 O By a5 74 0%,

0 0 0 B a5 75| %
_OOOOﬁGaG_Xﬁ 6

[y

N

w

(4-6.2)

a1

NNJ}NNNN

AR ZES ™ % pF) (3N-2) =16 i » I[N =Y ﬂE"TFj:évT PFP =R JIR
PRGN 2 Jigl ks

1 SR R BT 7 53 A% (Lower-Upper decomposition) 5% iy s S235f 2 AU (Bi-
diagonal form) I s# :

ﬁ\lEL—gl Z (4—6.3)
fa, 0 0 0 0 O]f[1¢c 0 0 0 Of[x| [Z]
bh,a, 0 0 0 0{{/01¢c, OO0 Of|x| |Z

0 0 00001 00 z

by a Cs X3|_| 43 (4-6.4)
0 Ob,a, 0 0|/O00O0 1¢c, O|x,| |2,

0 0 0Obya 0|00 0 0 1 c|lXs Zs
|0 0 0 0 byaf|000O0 0 1fX]| |Z]
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s A=LU o NI PRSP o IR A

a=a
b, =5,

by = f,

ac =7
b,c,+a, =a,

bye,+ag=a; -

QC, =7,
a3C3 =73
P
C1=71/0‘1
b =4, =23, (4-6.5)
ai:ai_ﬂici_l i=2’3,...’n
Ci:}/i/ai i:2’3,...,n_1
LU X=Z > 4 U X =F » FI RO b -
LE=2 (4-6.6)
£
a, 0 0 00 0|[FR] [Z]
b,a, 0 0 0 O0||F,| |Z,
0b,a, 00 O0||FR]| |z
e C= (4-6.7)
0 0b,a 0 O0]|F, Z,
00 O0ba O||F| |z
10 0 0 0 by a||Fs| |Zs]
]E[]_[—’(;IW\ I’—R} T, Eﬂﬂ_nd—ﬁj%?‘: , fﬁ
F,=27/a
S i (4-6.8)
Fi :(Zi _bi Fi_l)/ai |:2,3, ...... ,n

et [II[JEII F i AR L=JX=ETT‘EJ§HE X o e
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[1¢ 0 0 0 0][x]| [FR
01c 00 O||x]| |F
00 1c¢ 00|x| |F 469)
00 0 1c Offx F,
0000 1cl| x| |F
00 0 0 0 1||%]| |Fs]
o e Bt (s BUE T R ) o AT A X
% = 4-6.10
X;=F, -C; X,y  j=n-1n-2- 1 (4-6.10)
° =] — O — i
=Rl — ¥ ARER SRR
CUIRIE T Gt R R T
2% =X =1
=X +2X, =X =1
Tt X -1 (4-6.11)
—X3 +2X, —Xg =1
—X, +2% —X; =1
-X5 +2%x; =1
3
TOP-DOWN &&&
S = S RBCHEIIRG AR  S R T I e~ SRR
A=oy a, - a, ]
B=[B p, - I B=0 (4-6.12)
C=[r 7, - vl 7a=0
[=[L] JACOBI A= [ » *ff (4-6.5) A , B, CHhkdsfrnya b co f7"]
(4-6.8) ¥ (4-6.10) R X
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S =

Jacobi ZIFEK

RIBREREA -

A T o Y g
B: &g b
C: &Wry e
Z: HFWZy %

RS :

Sub TridiagonalMatrixEquation(Xpos, Ypos)

*kkkkkkkkkkkkkkkkkkkkhkkkkkhkkkrhkkhirr

' TRIDIAGONAL MATRIX EQN.

! kkkkkkkkkkkkkkkkkkkkxkkrkkkkrkkkhrkkxk

" AB,C =COEFFICIENT VECTOR
'z = CONSTANT VECTOR
' /RETURN : SOLUTION

Dim A(50), B(50), C(50), Z(50)

' INPUTA,B,C&Z

ABS =" "

RS



B
N
ot

WS AR I FR 0 B FRpE

NEQN% = 6
For | = 1 To NEQN%
2

B(1)=0
C(NEQN%) = 0
ECHO
Cls
Print Format(A(1), "0.00E+00 ";
Print Format(C(1), "0.00E+00 "),
For | =3 To NEQN%
Print AB$;
Next |
Print Format(Z(1), "0.00E+00 ")
For1=2ToNEQN% -1
If1>2 Then
ForJ=3Tol
Print AB$;
Next J
End If
Print Format(B(1), "0.00E+00
Print Format(A(I), "0.00E+00

Print Format(C(l), "0.00E+00
If 1 <> NEQN% - 1 Then

ForJ = (I + 1) To NEQN% - 1

Print ABS$;
Next J

End If

Print Format(Z(1), "0.00E+00
Next |
For1=1To NEQN% - 2

Print ABS;
Next |
Print Format(B(NEQN%), "0.00E+00
Print Format(A(NEQN%), "0.00E+00
Print Format(Z(NEQN%), "0.00E+00
Print
Print

SOLVE & PRINT RESULT
Call Tridiagonal(NEQN%, A, B, C, Z)
Print "** SOLUTION:"
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For1=1To NEQN%
Print Format(Z(1), "0.00E+00 ")
If (Int(l / 10) = | / 10) Then Print
Next |
Print
End Sub

Sub Tridiagonal(NEQN%, A, B, C, 2)
SUBROUTINE JACOBI
"NEQN% = No. of Equations
"A/B,C = Tridiagonal Coefficients of Equations

z = Constant Vector / Return ==> Solution Vector

c(1)
Z(1)

C(1) 1 A1)
2(1)  A(L)

-- LU DECOMPOSITION

For1=2To NEQN%

A(l) = A(l) - B(I) * C(I - 1)

C(1) = C(I) I A(l)

Z(1) = (z(1) - B(1) * Z(1- 1)) 1 A())
Next |

-- BACK SUBSTITUTION
For 1= NEQN%-1To 1 Step -1
Z(1) = (1) - C( * (1 + 1)
Next |
'-- CHEER by Ron Hsin Chang, Copyright 2001

End Sub

RRXFERARE
1. ZF2= Sub Tridiagonal(NEQN%, A, B, C, Z) KI{ER 5% :

(1) i " WPEFCRET (NEQN%) ~ = RS0 kil (A, B, C) M iReRg ]

@:
(2 PEPLIF&'J%?C Call Tridiagonal(NEQN%, A, B, C, Z) -
(3) 7R e i Z S 2 0 -
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1.00E+00

-1.00E-00 200E+00 -1.00E-+00 1.00E+00
-1.00E-+00 2.00E+00 -1.00E+00 1.00E+00
-1.00E-+00 2.00E-00 -1.00E+00 1.00E+00

-100E-+00 2.00E-00 -1.00E+00 1.00E+00
-100E+00 2.00E-00 1.00E+00

T EOLUTION:
300E-00
500E+00
BO0E-00
BO0E-00
500E+00
300E-00

CHEER  Copyright RESI 2001 4 34T

fERET
S 5 LS R R 1 RO T 53 U T TR - i R
AR - 3 ’EF'JI?FE"?TJ“EIbFﬁ“[ fie b5 T G - e
E/F“E%E'F%ﬁf I—F{UF‘EEI | F> W\Enfjﬁf’%l 2| T
FI P s i SR A O IR T 1 (D) B R AT R
M5 () s mne S - AL S 4 [ﬂﬁgﬁf“ﬂkw R
A= ILJEJE%:,E{’%" J E' [4>5] -

S TE1  FIF3 Excel BRI HIET\ ‘

¢§’IEI %’F f Jﬁf‘s‘qﬁ\l%ﬁﬁ AR HEIRATHT BLT o (RO ’Fﬁm’fé LfY
FIFER o % s > (%S Microsoft Excel IJL[‘;_}@F' SN -l A H‘F‘ H Mlcrosoft
Excel [ [ iy~ SE TR Minverse(Array) & Sl = 52 ETFH B Mmult (Array 1,

AL BASS
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Array 2) - fif Bl A T T R S SIS T 2 e [V O A 2 TR AR
(BN EEe EaPR RS L

AX=B (47.1)
H%ﬁ%

X=A"B (4-7.2)

A ol J et A (4-7.2) 0 PURIARREU A AT S FF PR O]
SRR A e T Exoel {1 P R B SEIRD 0 (B (D) SRR TS
vaerse(Array) 0 (2) HH R TS Mmult(Array 1, Array 2) 5 R (RETY

VIR (47.2) SR ERHI A T FIRT Minverse(A) I E] Sk i
A SR o BRI B FIFT Mmult(AT, B) T # :I‘HEJ%FA?XO

L H
=Rl K Excel fREE IR
FII*] Excel ™ f/“?ﬁﬁj 4

—-3Xx—-y+11z=0
13x-8y—-3z=20
-8x+10y—-z=-5

B A Excel e FIE R g R

A B C D E F G H
1 Tl A ifif B
2 -3 -1 11 0
3 13 -8 -3 20
4 -8 10 -1 -5
5
6 A AT HE X= A'B
7 0.06609 | 0.18957 | 0.15826
8 0.06435 | 0.15826 | 0.23304
9 0.11478 | 0.06609 | 0.06435
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R

Fieit B2.D4 iy ¢ EHFHIE A

T F2.F4 i MG -

5% B7..D9 > ?Faﬁ“ =Minverse(B2..D4) -

IRl # - <Ctrl> <Shift> <Enter> » [ B7..DO LI A [~ il i -
[5'% F7..F9 - i * =Mmult(B7..D9,F2..F4) -

i [F I H - <Curl> <Shift> <Enter> > [I] F7..FORH SR s X i -
E . 7+ Excel E"| F 3=|pi[ | <Ctrl> <Shift> <Enter> |*Efﬁ?ﬂ§)r§?‘ o

m © 9~ w DN e

3
x

$/\8 FBlEtEEIE V4

EPHE I A 0 S (WIRLFAVIU Tﬁl'fﬁﬁgﬁﬁf‘ﬁl AZE [ u s A
BRI B2 PR PR e ST R B (Bigenvalue) > u
tl[?ﬁﬂ%ﬁ[ﬂﬁ}ﬁuﬁ] &%) (Eigenvector) -

PIRESF TSR P Y

Au=Au (4-8.1)
F’)
(A-2u=0
an-4  ap A3 a, |
y ap-—-A Ay Ay,
83y Ay Ay —A az, [u=0 (4-8.2)
| Qq an A Ay — A

AIFIHAEEE (4-8.2) 1) o HII R B A0 L 6(2) = det(A- A1) =0 -

a¢m@QWﬁ@@o
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17 -1 -27 -6
6 -14 -54 -24

A=
= 1 1 -29 -4
-9-19 51 6
B8 AP (4-82) W BN A R R
17-24 -1 -27 -6
6 -14-1 -54 -24
det(A— A1) = det

1 -29-1 -4
-9 -19 51 6-4

A%+ 202 — 70042 — 80004 + 120000 = 0
RLR B AR o AR VR A -30,-20,10 % 20 -

TEBEELUSME

iﬁﬁ[‘ﬁ] ”gj e il el o) A %‘:EJJ‘: ﬁ' %[EI Aokl FE R RIAVEE T
(ELRLF | 28 f7 Ao iF#“‘ﬁEBﬁIEJﬁ B o ,5 I F P 2[R o N A
B Iy IR E‘}L#?faf (Rutishauser, [6]) FRTifiy L-U 53k o Rlofs et SR
= e 3y

F[ff M e A=A [ R TR SR Ads ey b= APy R =
EP A Lo aeAs
Ac=LR

=k

L (4-8.3)

F Hl | BT e J-ﬁf&?ﬁ% HEy 1, - T‘i‘éﬁj‘ﬁ];’ﬁj‘;l—-ﬁfjﬁ %{;\i—gg&%ﬂé[g—k = Eﬁ'JJIé—JU Bﬁl ' Ry 755
ERBL TN AU SRR -2 EPY LI -
A =L R~ il rf:JTUL— R

AR™ WR =LA VA =RL
Li ¥ RifuFaa 75 Wﬁ*AW’HU%W

=1 =1 =1=1

AL
=1 =1=1

A =L
= =1

-1
A,=RAR

ST T PR T A A PR
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-1, -1 -1y -1 L Y
ék+l ZLk |=‘k—1"'|=‘2 £1 §£1|=‘2"'£k—1£k :(kk) ﬁ‘@k) (4-8.4)

A =RRRRAR'RI-RIR=([R AR ' (+85)

A F IR ARET o SRR B R B - IR L, BRI S A
ﬁk@ B N L @ BTt A o 5]

LimL =L L L L =L (4-8.6)

k—o0 =K =k-1=k
K SETp LB L, g AeEl ) LimL, =1 = (Mpr A0 (4-8.3)  HZ]

LimA,=LIimR =R (4-8.7)

k—o0o= k—o0 =
HUHHZ (4-8.7) {7 AR (4-8.4) 0 HE]

A-LL)RLT? (4-8.8)

HirR= é?jﬁ'{ﬁmeﬁ%@ CEE AT Uﬁf’;ﬂ}ﬁﬂﬁf B> R B 165 R s
CHISH I (4-8.3) {Ifﬁgk =R_L .~ Pl F=
I=_k5k = (I=_1I=_2 ’ )Lk 1LkR R (R R 51)

- (I=_l£2 ' —k Z)Lk 1Rk 1Lk 1Rk 1(R 'Rzgl)

=L.L LR GEGRGLGR, " R,R) (4-8.9)

_ k _ ak

_(|=‘151) =§
,ﬁzzék Egg,g:(b ) ﬂ:‘J‘E ﬂﬁ\iiféitr 1, &+ §7: £ FR?E"‘JJ FF“TU%{_dtr—r FU_]\
= E T C=(cy) D’E'ﬂ"é PN TN 9T SRR S FPY Y D= (dy) © BIFE

N

PISIRECET % 0 PPNy =) cpdy 0 KPIC W DRVEIEAGE - i< <N
Ci =05 ¢y =1: S F il dy=0« = BIRE [T HE]

i-1
by => cydy +d; , i<j

Jﬁj (4-8.10)
b; =) cydy +¢;d;; > i>]

k=1
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E[lﬁ?gzék FTHIR ] AETHIMEEELDY oy o oy RN I FERETY -

dj =Dy - > Cidy ’ =)
=l (4-8.11)
1 S
G = l:bij —chkdm} e
ji k=1
CBUBBN LU DBEETEER
L TR A B (TR B ] -
2. U AT iR S EII LY S EA REH - A =L R - H {1

i-1
Ry =A; - LiRy ]
k=1
1 = .
Ly =%~ A =2 LRy ’ i>]
] k=1

3. }{’—”J’j 2 WERATHEI ™S = FPYAIH Lo 2 FPIEE R PIATS SRR A 9
A HE Ay

:E: F‘kl'N - FilLu + :E: F{kl_m j =12,---,i—-1

k=i+1

i=12---,N
+ :E: Fﬂk L'M j ==i,i +1,---,N
k=j+1
4. PHVER 2 WAHRR 3 AR EPT = F PRI Lo FHET N S YL PSR FE
L;Lkﬂ _)£k+1 °

5. FIHIWER 2 ZHER 40 PE S EPYIER L po AR - BT SR
Eps(2) » ! EbEt fI=1 -

6. %Eﬁﬁ[:ﬁl\Jﬁf;n}ﬁ (Eigenvalue) &G _F= &7l R VSR 2 -

7. AR = iﬂtﬁfi;zjéfjépw; | BT S (S B R

(Eigenvector) -
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zl=

X;=1 _

j-1

A+ ZAkaj j =12,
Xi' — k=i+1 i:j_l,j—
: Ajj - A
8. ek [T BRI =) -

i-1
Uy =X + D L Xy j=ii+1-,N

kl i=12--- N

-1

U, =L +ZL,kaJ j=12 -

5 e o 45 (B

KA E'JE‘}L%‘%% (Rutishauser , [6]) [ L-U 53 &3k il A
10 9 7 5
9 10 8 6
7 8 107
56 75

>

T RVE S DRE v Ep sl

I/*ij’”' Pj °

Z: ﬁﬁ%ﬂﬁﬁ LI TR BHEBR LU DEEEEREE o P UEAT

A
BRI :

Sub EigenMatrix(Xpos, Ypos)

Dim A(20, 20), B(20, 20), U(20, 20) As Double
Dim Eps(4) As Double

Dim FileName As String

Dim Eigenindex As Integer

Cls
FileNo = FreeFile

Open FileName For Input As FileNo
Input #FileNo, ITmax
Print "ITmax ="; ITmax
Forl=1To4
Input #FileNo, Eps(l)

FileName = InputBox("Enter File Name for Common Data", ", "EigenCommon.dat", Xpos, Ypos)

4-47

“OUAL B



B fE BRI RER

Print "EPS("; I; ") ="
Print Format(Eps(l), "0.0000E+00")
Next |
Input #FileNo, Freq
Print "Sweep = "; Freq
Input #FileNo, Sweep
Print "Sweep = "; Sweep
Close #FileNo

FileNo = FreeFile
FileName = InputBox("Enter File Name for Matrix Data ", "*, "Eigen02.dat", Xpos, Ypos)

Open FileName For Input As FileNo
Input #FileNo, N
Input #FileNo, Eigenindex
Input #FileNo, Eps(1)
Print"N=";N
Print " Index = "; Eigenindex
Print " Absolute Error Criteria = "; Eps(1)
Print
Print "Starting matrix is:"
Forl=1ToN
ForJ=1ToN
Input #FileNo, A(l, J)
Print Format(A(l, J), " 0.000E+00");
Next J
Print
Next |
Close #FileNo

Index = Eigenlndex

Call Rutishauser(N, A, B, U, Freq, ITmax, Eps, Eigenindex, Sweep, LogicTagl, LogicTag2, Iter,
Stripd)

Print "Tridiagonal Matrix ID =", Stripd

MsgBox ("Ready to Proceed")

Cls
Print
Print " No. of Iteration = "; Iter
Print " LogicTagl = "; LogicTagl
Print " LogicTag2 = "; LogicTag2
Print
Print " The transformed matrix is"
Forl=1ToN

ForJ=1ToN

Print Format(B(I, J), " 0.0000E+00 ");
Next J
Print
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Next |
Print
Print " Eigenvalues are:"
Forl=1ToN
Print Format(B(1, 1), "
Next |
Print
If Index < 0 Then
Print "Eigenvectors NOT required"
Exit Sub
End If
If (LogicTagl) Then
Print " Eigenvectors not computed because "
Print " one or more Sub-diagonal elements too large"
Exit Sub
Elself (LogicTag2) Then
Print " Eigenvectors not computed because "
Print " pair of Eigenvalues too close"
Exit Sub
End If
MsgBox ("Ready to Proceed")

0.0000E+00 ");

Cls
Print
If Index >= 0 Then
Print " Eigenvectors are:"
Forl=1ToN
ForJ=1ToN
Print Format(U(l, J), "
Next J
Print
Next |
Print
End If
If Index > 0 Then
Print "Eigenrows are :"
ForJ=1ToN
Forl=1ToN
Print Format(U(l, J), "
Next |
Print
Next J
Print
End If

0.000E+00 ");

0.000E+00 ");

End Sub
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Sub Rutishauser(N, A, B, U, Freq, ITmax, Eps, Eigenindex, Sweep, LogicTagl, LogicTag2, Iter,
Stripd)

' EigenSystem Finds the Eigenvalues, Eigenvectors and Eigenrows

of an NxN Square Matrix A By Rutishauser's Lower Upper Decomposition

N The Size of the Actual Matrix
A Array containing the NXN starting matrix A
B Array containing final transformed matrix.
Eigenvalues are the diagonal element of B.

Eigenindex is an Indicator

Eigenindex =-1 Gives Eignevalues only.
' Eigenindex =0  Gives Eigenvalues and Eigenvectors.
" Eigenindex =1  Gives Eigenvalues, Eigenvectors, and Eigenrows.
EPS(1) Tolerance used in convergence testing. Typical 1.0E-12
EPS(2) Tolerance of differences between any two Eigenvalues. Typical 1.E-4
" EPS(3) Tolerance used in check SUBSUM < EPS(3)
for having Eigenvalues. Typical 1.E-6
" EPS(4) Tolerance for the sweeping procedure. Typical 1.E-2
FREQ Number of LR steps elapsing between successive "Sweeps", if any.
ITER Number of LR steps actually performed by the program.
" ITMAX Maximum number of LR steps to be performed.
STRIPD ="TRUE" if Ais tridiagonal. ~ ="False" if A is not tridiagonal.
SWEEP ="TRUE" if sweeping procedure is to be applied. ="False" if not applied.
U N X N Matrix whose column contain the eigenvectors of ~ A.

Dim X(20, 20), V(20), Sum, SubSum, SumSq, ULen, U20 As Double
Dim Begin(20), Finish(20) As Integer

Check Error Criteria and Eigenindex
Call CheckEPS(Eps, Freq, ITmax)

Call MachineErrorCheck(U20, Eps(1))
Call TridiagonalCheck(N, A, Stripd)

If N = 0 Then Exit Sub

NML=N-1

ForI=1ToN
ForJ=1ToN
X(1,J)=0
B(l,J)=0

Next J
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Next |
L=0
LogicTagl = False
LogicTag2 = False

Determine the vectors begin and finish

If (Stripd) Then
Begin(1) =1
Begin(N) = NM1
Finish(1) = 2
Finish(N) =N
If (N> 2) Then
ForJ=2ToNM1
Begin(J)=J-1
Finish(J)=J +1
Next J
End If
Else
ForJ=1ToN
Begin(J)=1
Finish(J) =N
Next J
End If

ForI=1ToN
JLow = Begin(l)
JHigh = Finish(l)
For J = JLow To JHigh
B(l, J) = A(l, J)
Next J
Next |

Start LR transformation
Iteration until convergence satisfactory
or iterations exceed [Tmax

lter=0
Do While lter <= ITmax
lter = Iter + 1
ForJ=1ToN
ILow = Begin(J)
For |l =ILow ToJ
Sum=0
IM1=1-1
KLow = Begin(l)
If (KLow <= IM1) Then
For K = KLow To IM1
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Sum = Sum + B(l, K) * B(K, J)
Next K
End If
B(l, J) = B(l, J) - Sum
Next |
JP1=J+1
[High = Finish(J)
If (JP1 > IHigh) Then
Exit For
Else
For | = JP1 To IHigh
Sum=0
KLow = Begin(l)
M1=J-1
If (KLow <= JM1) Then
For K = KLow To JM1
Sum = Sum + B(l, K) * B(K, J)
Next K
End If
B(I, J) = (B(I, J) - Sum) / B(J, J)
Next |
End If
Next J
' The accumulated product of the successive lower
triangular decomposition matrices ia computed

If (Eigenindex >=0) Then
Forl=2ToN
IM1=1-1
ForJ=1ToIM1
X(1,3) = B(1, J) + X(I, J)
Klow=J+1
If (KLow <=IM1) Then
For K = KLow To IM1
X(1, 3) = X(1, J) + X(I, K) * B(K, J)
Next K
End If
Next J
Next |
End If

' Factors are combined in reverse order
ForI=1ToN
JLow = Begin(l)
IM1=1-1
If (JLow <= IM1) Then
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For J = JLow To IM1
B(l, J) = B(l, 1) * B(l, J)
PL=1+1
KHigh = Finish(l)
If (IP1 <= KHigh) Then
For K = IP1 To KHigh
B(I, J) = B(l, J) + B(l, K) * B(K, J)
Next K
End If
Next J
End If
JHigh = Finish(l)
For J =1To JHigh
JP1=J+1
KHigh = Finish(J)
If (JP1 <= KHigh) Then
For K = JP1 To KHigh
B(I, J) = B(l, J) + B(l, K) * B(K, J)
Next K
End If
Next J
Next |
Forl=1ToN
JLow = Begin(l)
JHigh = Finish(l)
For J = JLow To JHigh
If (Abs(B(l, J)) < 0.0000000001) Then B(l, J) =0
Next J
Next |

L=L+1

The sum of the absolute values of the
sub-diagonal elements is computed

SubSum =0
Forl=2ToN
SubSum = SubSum + Abs(B(l, | - 1))
Next |
Determine column vectors for sweeping procedure

If (L = Freq And SubSum < Eps(4) And Sweep) Then
ForJ=1ToNM1

Reject cases for which diag. elements too close

LoopFlag =0
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ForI=1ToN
If (Abs(B(J, J) - B(l, I)) < Eps(2) And J <> 1) Then
LoopFlag = 1
Exit For
End If
Next |
If (LoopFlag = 0) Then
JP1=J+1
ForIT=JP1ToN
[=N+JP1-IT
V(I) = B(l, J)
PL=1+1
If (I <> N) Then
ForK=IP1ToN
V() = V(I) + B(l, K) * V(K)
Next K
End If
V(1) = V() (B(J, J) - B(I, 1))
Next IT

Modify lower triangular product matrix

ForIT=JP1ToN
[=N+JP1-IT
X(1,3) = X(1, J) + V(1)
IM1=1-1
If (JP1 <=1M1) Then
For K=JP1To IM1
X(1, J) = X(1, J) + X(1, K) * V(K)
Next K
End If
Next IT

Postmultiply B with sweeping matrix

ForI=1ToN
ForK=JP1ToN
B(I, J) = B(l, J) + B(l, K) * V(K)
Next K
Next |

Premultiply B with inverse of sweeping matrix

For1=JP1ToN
ForK=1ToN
B(I, K) = B(1, K) - V(I) * B(J, K)
Next K
Next |
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End If
Next J

If (Stripd) Then
ForJ=1ToN
Begin(J)=1
Finish(J)=N
Next J
End If
End If

Check for convergence

If (L = Freq Or Iter = ITmax Or SubSum < Eps(1)) Then L =0
If (SubSum < Eps(1)) Then Exit Do
Loop

Check to see if Eigenvectors are required or if any two
Eigenvalues are closer together than EPS(2)
If (Eigenindex < 0) Then Exit Sub
If (SubSum > Eps(3)) Then
LogicTagl = True
Exit Sub
End If
Forl=1ToNM1
Pl=1+1
ForJ=1P1ToN
If (Abs(B(l, I) - B(J, J)) < Eps(2)) Then
LogicTag2 = True
Exit Sub
End If
Next J
Next |

' Compute Eigenvectors of transformed matrix
ForJ=1ToN
X(J,3)=1
If (J>1) Then
IM1=J-1
ForIT=1ToJM1
[=J-1IT
Sum = B(l, J)
IP1=1+1
If (IP1 <= JM1) Then
For K=1P1 To JM1
Sum = Sum + B(l, K) * X(K, J)
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Next K
End If
X(1,J) =Sum / (B(J, J) - B(l, 1))
Next IT
End If
Next J

Compute Eigenvectors of original matrix
Forl=1ToN
IM1=1-1
If (I >1) Then
ForJ=1ToIM1
u(l, 3y = X(1, J)
JM1=J-1
If (J>1) Then
ForK=1To JM1
u(l, J) = U(l, J) + X(I, K) * X(K, J)
Next K
End If
Next J
End If
ForJ=1ToN
u(l, 3y = X(1, J)
If (I >1) Then
ForK=1ToIM1
u(l, 3) = U(l, J) + X(I, K) * X(K, J)
Next K
End If
Next J
Next |

Normalize the Eigenvectors

ForJ=1ToN
SumSqg =0
ForlI=1ToN
SumSq = SumSq + U(l, J) * U(l, J)
Next |
ULen = Sqr(SumSq)
Forl=1ToN
u(l, J)=U(l, J) / ULen
Next |
Next J
End Sub

Sub TridiagonalCheck(N, A, Stripd)
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Check whether the matrix is a tridiagonal matrix
Stripd = True
NM2 =N -2
Forl=1ToNM2
ForJ=1+2ToN
If (A(l, J) <> 0) Then
Stripd = False
Exit Sub
End If
Next J
Next |
For1=3ToN
IM2=1-2
ForJ=1ToIM2
If (A(l, J) <> 0) Then
Stripd = False
Exit Sub
End If
Next J
Next |
End Sub

Sub CheckEPS(Eps, Freq, ITmax)

If Eps(1) = 0 Then Eps(1) = 0.000000000001
If Eps(2) = 0 Then Eps(2) = 0.0001

If Eps(3) = 0 Then Eps(3) = 0.000001

If Eps(4) = 0 Then Eps(4) = 0.01

If Freq <5 Then Freq =5

If ITmax < 20 Then ITmax = 50

End Sub

Sub MachineErrorCheck(U20, AbsErr)
' Calculate Machine Round Off Error

ReMin = 0.000000000001
EpsMachine = 1

Do
EpsMachine = EpsMachine / 2
EpsP1 = EpsMachine + 1
Loop While EpsP1 > 1
U20 = 20 * EpsMachine
Rer = 2 * EpsMachine + ReMin
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Check for proper error tolerance
If AbsErr < Rer Then
AbsErr = Rer
End If
End Sub
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gzl= Bt STER BsER

BRI ERGERA

ﬁ'ﬁﬁ?ﬁ Sub Rutishauser (N, A, B, U, Freq, ITmax, Eps, Eigenindex, Sweep, LogicTagl,

LogicTagz, Iter, Stripd) [ufl ™|k
LU R A O B BT
2. PEpHyFE Cal Rutishauser(N, A, B, U, Freg, ITmax, Eps, Eigenindex, Sweep,

LogicTagl, LogicTag2, Iter, Stripd)

N
A
B
Eigenlndex

EPS(1)
EPS(2)
EPS(3)

EPS(4)
FREQ
ITER
ITMAX
STRIPD

SWEEP

u

IR A s

NXN
L O » H1 SRR Sh SN A O B

Eigenindex =-1 | {5 I &

Eigenindex =0 ;S,fgﬁfﬁ ! bqfﬁ & .
Eigenindex =1 ?r%ﬁﬁ i bﬁ] & [l bﬁ CSlllE]l
s I S i ™ 1.0E-12
Wﬁ%ﬂﬁmﬁ%ﬁﬁﬁ’ﬂﬁ@W1E4

hiikRRL /) T Bl SUBSUM < EPS(3)ufiiIIL i -
ﬁgﬁyﬁﬂEq 1.E-6
LR%ﬁﬂﬁ?@W$E§$WE’ﬁﬁﬂ@HJLEQ

F R - fy T "Sweeps” ] LR AR
SRR O LR VB

T LR BRI - Bl

F A 852 SRR - BJES "TRUE"

FFIE A T RLT SRR 5 ="False"

) 17] sweep F - IR » 4G "TRUE"

F\[ FlIES “"False”

{1 F I A o7 B ) eigenvectors I N XN AT

3. HPHAT PGP = WP -
Sub Tridiagonal Check(N, A, Stripd)
Sub MachineErrorCheck(U20, AbsErr)
Sub CheckEPS(Eps, Freg, I Tmax)
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Mo of lteralion = 48
LogicTagl = False
LogicTag2 = False

The transformed matrix is

2.8794E+00- 1 0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E-00 0.0000E+00
0.0000E+00 35321E+00- 1.0000E+00 0.0000E-00 0.0000E+00 0.0000E+00 0.0000E-00 D.0000E+00
0.0000E+00 0 0000E-+00 30000E+00 - 1 0000E+00 0.0000E+00 0.0000E+00 0.0000E-00 0.0000E+00
0.0000E-00 0.0000E-00 0O000E-00 2.3473E+00 - 1.0000E+00 0.0000E-+00 0.0000E-00 0.0000E-00
0.0000E+00 0.0000E-+00 00000E+00 0.0000E+00 16527E-00 - 1.0000E+00 0.0000E-00 D.0000E-+00
0.0000E+00 00000E-+00 0.0000E<00 0.0000E+00 00000E+00 1 0000E+00- 1.0000E+00 0.0000E+00
0.0000E+00 0.0000E-+00 00000E-00 0.0000E+00 0.0000E-+00 O0000E+00 48791E-01 - 1.0000E+00
0.0000E+00 0.0000E+00 00000E+00 0.0000E+00 0.0000E+00 00000E+00 0.0000E+00 1.2081E-01

Eigenvalues are:
3.3794E+00 35321E+00 30000E+00 2.3473E+00 16527E+00 10000E+00 48791E-01 1.2061E-01

Ready to Procesd

CHEER  Copyright RESI 2001 B 46 3 AT

13

&k%’f% (Rutishauser, [6]) fiv L-U JJ ik 5L b | Uy = [F0F i i e grﬁj]?"

I o

2. AT Bl R e B R RO Il R R SRR o A A B B X %ZF,EWFJ
S > =0 YA S EV SRR [ [ R A R o BT A SN i

S EUHE S R gL I e B T ﬁ%%?“ﬁﬂﬁﬂfﬁj [Eafs—~ H 3 o

%‘&

&R
1,

Sub EigenMatrix(Xpos, Ypos)

Dim A(150, 50), NComplex(50) As Double
Dim FileName As String

Dim Eigenindex As Integer

Cls
FileNo = FreeFile
FileName = InputBox("Enter File Name for Data Input", "FILE NAME", "Eigen01.dat", Xpos, Ypos)

Open FileName For Input As FileNo
Input #FileNo, N
Input #FileNo, Eigenindex
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Input #FileNo, AbsErr
Print"N="'N
Print " Index = "; Eigenindex
Print " Absolute Error Criteria = "; AbsErr
Print
Print "Starting matrix is:"
Forl=1ToN
ForJ=1ToN
Input #FileNo, A(l, J)
Print Format(A(l, J), "
Next J
Print
Next |
Close #FileNo
MsgBox ("Ready to Proceed")
Index = Eigenindex
Cls
Call EigenSystem(N, Eigenindex, AbsErr, NComplex, A)
Print
Print " No. of Iteration = "; Eigenindex
Print
Print " Eigenvalues are:"
Forl=1ToN
If NComplex(l) = 0 Then
Print Format(A(l, 1), "
Else
Print "Complex Eigenvalues”
End If
Next |
Print
Print

0.000E+00");

0.0000E+00 ");

N1=2*N
N2=3*N

If Index >= 0 Then
Print " Eigenvectors are:"
ForI=N+1ToN1
ForJ=1ToN
Print Format(A(l, J), "
Next J
Print
Next |
Print
End If

0.000E+00 ";

If Index > 0 Then
Print "Eigenrows are :"
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For=N1+1ToN2

ForJ=1ToN
Print Format(A(l, J)," 0.000E+00 "),

Next J
Print

Next |

Print

End If

End Sub

Sub EigenSystem(N, Eigenindex, AbsErr, NComplex, A)
' EigenSystem Finds the Eigenvalues, Eigenvectors and Eigenrows
of an NxN Square Matrix A

N is the Size of the Actual Matrix

Eigenindex is an Indicator
Eigenindex =-1 Gives Eignevalues only.
The results are stored in the first column of A.
Real and imaginary parts of eventual complex eigenvalues
being in adjacent positions.
Eigenindex =0 Gives Eigenvalues and Eigenvectors.
The Eigenvalues are on the main diagonal of A.
Complex parts as a 2*2 block with the real parts (identical)
on the diagonal, and the imaginary parts (identical, but in the
opposite sign) as adjacent off-diagonal elements.
The matrix of eigenvectors, Q, is stored in row N+1 - 2N
Eigenindex =1 Gives Eigenvalues, Eigenvectors, and Eigenrows.
Eigenvalues and eigenvectors being stored as for Eigenindex =0.
The eigenrows, Qinv, are stored in row 2N+1 - 3N

On exit, Eigenindex gives the number of iterations in the QR-step index.
AbsErr is the tolerance, and a suggested value is 1.E-8

NComplex is an indicator array for the Eigenvalues.
NComplex(1)=0 indicates that the I'th eigenvalue is real.

part in A(1+1) and a complex part in A(1+2) for Eigenindex = -1.
The diagonalized matrix, D, the matrix of eigenvectors, Q, and

the matrix of eigenrows, Qinv, have the property, that
A=Q*D*Qinv

Check Error Criteria and Eigenindex

NComplex(l)=1 and NComplex(I+1)=2 indicate a complex pair of eigenvalues, with real
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If (AbsErr <= 0) Then AbsErr = 0.000000000001

If (Eigenindex < -1) Then
Eigenindex = -1
Elself Eigenindex > 1 Then
Eigenindex = 1

End If

' Define Matrix Size and Reset

If (Eigenindex <= 0) Then
NS=N

Else
NS=2*N

End If

NTotal =2 * N
Index = Eigenindex

Forl=1ToN
If (Eigenindex >=0) Then
ForJ=1ToN
AJ+N, =0
Next J
Al+N,1)=1
End If
NComplex(l) =0
Next |

Call ArrangeMatrix(N, A, Eigenindex)
Call QRutish(N, AbsErr, A, Eigenindex)

If (Index > 0) Then
ForI=1ToN
ForJ=1ToN
Al+2*N,J)=A(J+N, 1)
Next J
Next |
End If

Call LRAIgorithm(N, Index, AbsErr, NComplex, A)
If (Index >=0) Then

Call EigenVector(N, NTotal, NS, NComplex, A)
End If

End Sub
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Sub ArrangeMatrix(N, A, Eigenindex)
Dim SumA2, SX, SK As Double

If (N <= 2) Then Exit Sub

NMinus2 =N - 2

NTotal =N + N

If (Eigenindex < 0) Then NTotal = N

For I =1 To NMinus2

[Plusl=1+1
IPlus2 =1+2
SumA2=0

For J = IPlus2 To N
SumA2 = SumA2 + A(J, 1) * A(J, 1)
Next J

If (SumA2 <> 0) Then
SumA2 = Sqr(SumA2 + A(IPlusl, 1) * A(IPlus1, 1))
If (A(IPlusd, 1) < 0) Then SumA2 = -SumA2
A(IPlusl, I) = A(IPlusZ, 1) + SumA2
SK = SumA2 * A(IPlus1, 1)
For J =IPlusl To N
SX=0
For K=1IPlus1 To N
SX=SX+A(K, 1) *AK, J)
Next K
If (SX <> 0) Then
SX=S8X/SK
ForK=1IPlus1 ToN
A(K, J) = AK, J) - SX* A(K, 1)
Next K
End If
Next J

ForJ=1To NTotal
SX=0
For K =1Plusl To N
SX=SX+A(K, 1) *A(J, K)
Next K
If (SX <> 0) Then
SX=SX/SK
For K =1Plusl To N
A(J, K) = A(J, K) - SX* A(K, I)
Next K
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End If
Next J

A(IPlusl, I) = -SumA2
ForJ=IPlus2 ToN
A(J,1)=0
Next J
End If
Next |

End Sub

Sub QRutish(N, AbsErr, A, Index)

Dim X, Y, Z, SX, SY As Double
MT=0
If (Index < 0) Then MT =1
Index =0
NTotal =2 * N
SX=0
SY=0
[=N+1
Do
l=1-1

If (I <= 2) Then Exit Sub
Do
IFLAG =0
M=1
Index = Index + 1
=1
ForJA=2Toll
J=1+2-JA
K=J-1
X = Abs(A(J, K)) / (Abs(A(J, J)) + Abs(A(K, K)) + AbsErr)
If (X <= AbsErr) Then
M=
A(J,K)=0
If (M <= (I - 2)) Then Exit For
If(M=(I-1)Thenl=1-1
IFLAG =1
Exit For
End If
Next JA

If IFLAG =0 Then
If (Index <> 1) Then
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SX=A(, 1) +A(-1,1-1)
SY=A( 1) *A(I-1,1-1)-A(, 1- 1) *Al- 1, 1)
If (SX = 0 And SY = 0) Then SX = A(l, I - 1)

End If

X =AM, M)/ AM + 1, M) * (A(M, M) - SX) + A(M, M + 1) + SY /A(M + 1, M)
Y =AM, M) +AM+1, M+1)-SX

Z=AM+2,M+1)

IL=1-1

NLI=N+MT*(I-N)
NL2=1+(M-1)*MT
NL3 = NTotal + (I - NTotal) * MT
ForJ=MTo IL
SumSquare = Sqr(X * X +Y*Y + Z* Z7)
If (X < 0) Then SumSquare = -SumSquare
X=X+ SumSquare
Y=Y/X
Z=71X
X = X/ SumSquare
For K=JTo NL1
SX=A(J,K)+Y*A(J+1,K)
If (J<IL) Then SX=SX+Z*A(J + 2, K)
SX=SX*X
AQJ, K) = A(J, K) - SX
[f(J<IL) Then AJ+2,K)=A(J+2,K)-Z*SX
AQ+1,K)=AJ+1,K)-Y*SX
Next K
For K = NL2 To NL3
JFLAG =0
If (K>N)Or((K<J+4)And (K<=1))) Then
SX=AK, J)+Y*AK,J+1)
If (J<IL) Then SX=SX+Z*A(K, J +2)
SX=SX*X
AK, J) = AK, J) - SX
AK,J+1)=AK,J+1)-Y*SX
[f(J<IL) Then A(K,J +2) = A(K,J +2)-Z*SX
End If
Next K
If (J> M) Then
A(J, J - 1) =-SumSquare
AQ+1,J-1)=0
[f(J<1-1)ThenA(J+2,J-1)=0
End If
X=AJ+1J)
Y=0
Z=0
If (J<IL) ThenY =A(J +2,J)
If(J<1-2)ThenZ=A(J+3,J)
Next J
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Else
Exit Do
End If
If (Index >= 10 * N) Then Exit Sub
Loop While (Index < 10 * N)
Loop While IFLAG = 1

End Sub

Sub LRAIgorithm(N, Index, AbsErr, NComplex, A)
DimQ, X, Y, Z, R As Double

NS=2*N
NTotal = NS
If (Index <=0) Then NS =N
=0
Do
ILoop =0
I=1+1

If (I- N > 0) Then Exit Sub
If (I <N) Then
X =Abs(A(l + 1, 1)) / (Abs(A(I, 1)) + Abs(A(l + 1, | + 1)) + AbsErr)

If (X > AbsErr) Then
Y=ALD)+A(I+1,1+1)
Z=A(LD*AI+ 1,1+ -A( T+ *A(l+1,1)
X=Y*Y-4*Z

If (X >=0) Then
R = (Abs(Y) + Sqr(X)) / 2
If (Y<0) ThenR =-R
If (Index < 0) Then
AllLb1)=R
Al+1,1)=2/R
ILoop =1
Else
Q=A(1N-R
S=A(,)-Z/R
If (Abs(S) > Abs(Q)) ThenQ =S
Q:A(|+1, |)/Q
C=1/Sqr(Q*Q+1)
S=Q*C
End If
Else
R=(A(+ L, 1+1)-A(L D)/ (AN +1, 1) +A(, 1+1)
If (Index < 0) Then
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Allb1)=Y/2
A(l+1,1)=Sqr(-X) / 2
NComplex(l) = 1
NComplex(l + 1) =2
ILoop =1

Else
Q=1/Sgr(1+R*R)
C=Sqr((Q+1)/2)
S=R*Q/C/2

End If

End If

If ILoop = 0 Then
ForJ=1ToNS
Ki=1|
K2=1J
If (J>N) Then
Kl=1+2*N
K2=J-N
End If
Q= A(KL, K2)
A(K1,K2)=Q*C+S*A(KL+1,K2)
AKL+1,K2)=AKL+1,K2)*C-S*Q
Next J

ForJ=1To NTotal
If((J<1+2)0r(J>N)) Then
Q=A@ )
AQ, 1) =A@, 1) *C+AQJ, 1+1)*S
AQJ,1+1)=C*A@J,1+1)-Q*S
End If
Next J

If (X <0) Then
NComplex(l) = 1
NComplex(l + 1) = 2
R = Sar(Abs(A(I + 1, 1)/ A(l, I + 1))
ForJ=1To NTotal
AQ,IT+1)=AQJ, 1+1)*R
If (J <= N) Then
All+1,0)=A(+1,0)/R
Elself (J <= NS) Then
Al+2*N+1,J-N)=A(l+2*N+1,J-N)/R
End If
Next J
ILoop =1
Else
Al+1,1)=0
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End If
End If
Else
Al+1,1)=0
ILoop =10
End If
End If

If (ILoop = 1) Then
[=1+1

Elself (Index < 0) Then
Al 1) = A(l, 1)

End If

Loop
End Sub

Sub EigenVector(N, NVEC, NROW, NComplex, A)
Dim B, D, DB, Det, R1, R2, RI1, RI2, X(2, 2) As Double
X=N
NE =N + NROW
Do While (IX > 0)
C=A(X, IX)
D=0
11=2
If (NComplex(IX) > 0) Then
1=1
D=A(IX-1,1X)
End If
JX=IX+11-3
Do While (JX > 0)
AC = A(JX, JX) - C
Ji=2
B=0

If (NComplex(JX) > 0) Then
Ji=1
B=A(JX-1,JX)

End If

ForJ=1To?2
Forl=1To2
X(1,3)=0
Next |
Next J

Forl=11To?2
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ForJ=J1To2
X3, ) =AUX+J-2,IX+1-2)
AUX+J-2,1X+1-2)=0

A << WwmwC

DB=B-D
Det = AC * AC + DB * DB

R1=(U*AC+V *DB)/ Det
RI1 = (V * AC - U * DB) / Det

DB=D+B
Det = AC * AC + DB * DB

R2=(S*AC-T*DB)/Det
RI2=(T*AC +S * DB) / Det

R1+R2
R1-R2
RI2 -RI1
RI2 + RI1

X(1,1)=
X(2,2) =
X(1,2) =
X(2,1) =
ForK=1To NE
If (K>NOrK<JX+J1-2)Then
Forl=11To?2
ForJ=J1To2
If (K<=2*N) Then
AK, IX+1-2) = AK, IX+1-2)-X(I, ) *AKK, IX +J-2)
Else
AOX+J+2*N-2,K-2*N)=A(UX+J+2*N-2,K-2*N)
+X(, ) *AIX+1+2*N-2,K-2*N)
End If
Next J
Next |
End If
Next K

JX=JX+J1-3
Loop
X=IX+11-3
Loop
End Sub
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