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AMNANALLAAB azsic\Baszic EXE T |
File Edit Uiew Search Run Debug Calls Utilit: Oetinns He 1y
DEEARCH . BAS :DEearch ]

DEFINT I-N
DEFDBL A-H. 0-Z

iBantB,. B<>. m. aLamda<{>». X<(>,. nFound>

(A-Lamda*B)*X=A genel dzdeger denkleminden tiim veya en kiigiik bhir
dzdeferini ve bunlara ait ozvektorlerini hesaplar.

Ueriler:

A¢n.n)>: Tekil olmayan simetrik bant matris. Sadece iist bant kismi verilir
Bén,.n>: Tekil olmayan simetrik bant matris. Sadece iist bant kismi verilir
n= A ve B nin boyutu

iBantA: A nin yari bant genislif

iBantB: B nin yari bant genisl

m= Hesaplanmasi istenen dzdefer sayisi

Gaktilar:
rin X<{n.m> vektiriindeki Gzvektiriiniin kolon numarasi
ozuvektirler
Metod: Search and power invers vector iteration
Kaynak: YBALFOUR, J., Computer Analyszis of Structural Framework
Oxfort University Press. New York. 1992, 421-429" den alinmig
iyilegtirilmiz ve basitlestirilmigtir.
DIM Z<{n, MaxBan 1<n>, yin», yldn>, y2<n), win,

Eps = .B80001: ’Ongdriilen hassasiyet
iTrue = : iFalze = 8

WHILE nFound < m

' Get Start values for accelerated secant me
=0

PROGRAMLAR: Genel 6zdeger ve 6zvektor hesabi

« En kicgik birkag 6zdegerin hesabi - Dsearch
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35. PROGRAMLAR: Genel 6zdeger ve 6zvektor hesabi - DSearch
Ax=ABX

Genel 06zdeder probleminin en kigik m tane veya tUm 6zdederlerini ve bunlara ait
Ozvektorlerini hesaplar. A simetrik bant matris, B simetrik bant matris, det A #0 ve det B#0
olmalidir. A nin ve B nin sadece (st yari banti programa verilir.

Cagdrilan alt programlar: DSearch, Determinant, Factor, Powerinvers

Ornek: Bir kirisin serbest titresim problemi*

<4—— Yaribant=4 —»

242386 0 —-121193 181790
727160 -181790 181790 O
B 242386 0 -121193 181790 % Kirisin rijitlik matris
A= 727160 -181790 181790 0
Simetrik 242386 0 181790
727160 181790
L 363580 ilk Gc 6zdeger ve bunlara karsilik gelen acisal
frekans, periyot, frakans ve 0Ozvektorlerin
<—— VYanbant=4 _—» (modlarin) hesabi?
[1.170 0 0.2025 -0.14625 0 0 0
0.270 0.14625 -0.10125 0 0 0
1.170 0 0.2025 -0.14625 0 % Kirisin kiitle matris
B= 0.270 0.14625 -0.10125 0
Simetrik 1.170 0 -0.14625
0.270 -0.10125
0.135
A ve B nin depolanma sekli:
<4—— Yanbant=4 ——p 44— Yanbant=4 ——Mp
242386 0 -121193 181790 1170 0 0.2025 -0.14625|
727160 -181790 181790 0 0.270 0.14625 -0.10125 0
242386 0 -121193 181790 1170 0 0.2025 -0.14625
A - | 727160 -181790 181790 0 |, B-|0270 014625 -0.10125 0
242386 0 811790 0 1170 0 -0.14625 0
727160 181790 0 0 0270 -0.10125 0 0
| 363580 0 0 0 | 0135 0 0 0

T~ __—— _

Sabit bant gesligi icin eklenen sifirlar

e CANANALIAAB asic\ABasic. EXE

DSearch Sonuglapri:
Ozdefer Lamda 1 = 5961 .87971815759

Acizal frekans Omega 1 = 77.2132094797181 rad-s
Periyot T 1 = §.13744869500687D-82 =
f 1 =12 _2888637268685% H=

A.4508 ©.2291 1.A008 @A.8781 ©.8454 -0.1916 -A.32973

ozdegfer Lamda 2 = 63314.7496166195 DSearch sonucle
Agizal frekans Omega 2 = 251.6242238032322 radrss

Periyot T 2 = .BA249780510515486 s

ﬁrzkazms f 2 = 48.8472388972515 H=

o H

-B.9748 -B.2620 -A.4131 0.5698 1.800@ B.1198 -A.60816

Ozdefer Lamda 3 = 2B4617.814885794

Agizal frekans Omega 3 = 533.4977178392158 radrs
Periyot T 3 1.17773424449695D-82 s
Frekans f 3 §4.98879879250233 H=

od 3 =
1.60868 -@.2865 -B.8983 -0.3067 B0.5398 06.6645 -0.8008

I Teori ve sayisal el hesabi igin bak: bolim 26.
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35. PROGRAMLAR: Genel 6zdeger ve 6zvektor hesabi - DSearch

----------------- Ana program DSearch--------========--ocooomoooooomoooo o
' Ahmet TOPCU, Eskisehir Osmangazi Universitesi, 1998

' (A-Lamda*B)x=0 genel 6zdeder problemi ¢ozllur

' En kliglik m 6zdeder ve bunlara ait 6zvektérler hesaplanir

' Veri:

' A(n,n): Tekil olmayan simetrik bant matris, sadece (st bant kismi verilir
' B(n,n): Tekil olmayan simetrik bant matris, sadece Ust bant kismi verilir
'n: A ve B nin boyutu

' iBantA: A nin yari bant genisligi

'iBantB: B nin yari bant genisligi

' m: Hesaplanmasi istenen 6zdeger sayisi

' Gikti:
' ALamda(n,2): 6zdegerler
' X(n,m): Ozvektoérler

' Gagdrilan alt programlar: Dsearch, Determinant, Factor, Powerinvers
,

' Ornek: Betonarme kirisin ilk lic modunun hesabi
DATA 7: ' A=Rijitlik matrisinin denklem sayisi
DATA 4: ' Rijitlik matrisinin yari bant genisligi
DATA 4: ' B= M Kitle matrisinin bant genisligi
DATA 3: ' hesaplanmasi istenen mod sayisi

' A=K rijitlik matrisinin Gst yari bantindaki sayilar

DATA 242386,0,-121193,181790 . - ]

DATA 727160,-181790,181790,0 % A nin Ustt banti icindeki elemanlari
DATA 242386,0,-121193,181790
DATA 727160,-181790,181790,0
DATA 242386,0,181790,0

DATA 727160,181790,0,0

DATA 363580,0,0,0

' B=M kitle matrisinin Ust yari bantindaki sayilar
DATA 1.170,0,0.2025,-0.14625
DATA 0.270,0.14625,-0.10125,0
DATA 1.170,0,0.2025,-0.14625 B nin st banti igindeki elemanlari
DATA 0.270,0.14625,-0.10125,0

DATA 1.170,0,-0.14625,0

DATA 0.270,-0.10125,0,0

DATA 0.135,0,0,0

DEFINT I-N
DEFDBL A-H, O-Z

DECLARE SUB DSearch (n, MaxBant, A(), iBantB, B(), m, aLamda(), X(), nFound)

DECLARE SUB Determinant (n, Z(), aLamda(), u2, nLess, nFound, det, Power)

DECLARE SUB Factor (n, MaxBant, Z(), iTekil, Eps, nFact)

DECLARE SUB Powerinvers (n, Z(), x1(), v(), y1(), y2(), w(), B(), MaxBant, iBantB, ul, u2, u3, iter)

CLS : ' Ekrani temizle

READ n: 'denklem sayisini oku

READ iBantA: ' K nin yari bant genisligini oku

READ iBantB: ' b nin yari bant genisligini oku

READ m: ' hesaplanmasi istenen 6zdeder sayisini oku
IFM<1THENm =1

IFm>nTHENm =n

' Max bant genisligi
MaxBant = iBantA
IF iBantB > MaxBant THEN MaxBant = iBantB

' Setup dimentions of arrays
DIM A(n, MaxBant) AS DOUBLE
DIM B(n, MaxBant)
DIM aLamda(m, 2): ' Ozdegerler
DIM X(n, m): ' Ozvektorler

' A=K nin Ust yari bantindaki sayilari oku:

FORi=1TOn

FOR j = 1 TO MaxBant
A(i, j) =0

NEXT j

FOR j = 1 TO iBantA
READ A(i, j)

NEXT j

NEXT i

Devami sonraki sayfac

264

) DSearch ana
programi
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35. PROGRAMLAR: Genel 6zdeger ve 6zvektor hesabi - DSearch

' B=M nin Ust yari bantindaki sayilari oku:

FORi=1TOn

FOR j = 1 TO MaxBant

B(i,j) =0

NEXT j

FOR j = 1 TO iBantB

READ B(i, j)

NEXT j
NEXT i

' Ciktilar
PRINT "DSearch Sonuglari:"
IF nFound = 0 THEN

PRINT "Higbir 6zdeger bulunamadi!"
ELSE

FOR i =1 TO nFound

aLamda = aLamda(i, 1)
Omega = SQR(ABS(aLamda))
T=2%*(4*ATN(1)) / Omega

F=1/T

PRINT "Ozdeder Lamda"; i; "="; aLamda

PRINT "Agisal frekans Omega"; i; "="; Omega; "rad/s"
PRINT "Periyot T"; i; "="; T, "s"

PRINT "Frekans f"; i; "="; F; "Hz"

PRINT "Mod"; i; ":"

FORj=1TOn
PRINT USING " ##.####"; X(j, aLamda(i, 2));
NEXT j
PRINT : PRINT
NEXT i
PRINT
END IF
END ' DSearch sonu

DSearch ana
devami

CALL DSearch(n, MaxBant, A(), iBantB, B(), m, aLamda(), X(), nFound)

SUB Determinant (n, Z(), aLamda(), u2, nLess, nFound, det, Power)
lemmmmmeee Determinant of the matrix Z

nLess = 0

det=1

Power = 0

FORi=1TOn

IF Z(i, 1) < O THEN nLess = nLess + 1
det = det * Z(i, 1)

IF i <= nFound THEN det = det / (u2 - aLamda(i, 1))
WHILE ABS(det) > 1

det = det * .0625

Power = Power + 4

WEND

WHILE (ABS(det) < .0625)

det = det * 16

Power = Power - 4
WEND
NEXT i

END SUB ' Determinant sonu
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35. PROGRAMLAR: Genel 6zdeger ve 6zvektor hesabi - DSearch 266

SUB DSearch (n, MaxBant, A(), iBantB, B(), m, aLamda(), X(), nFound)
' (A-Lamda*B)*X=0 genel 6zdeder denkleminden tim veya en kiguk birkag
' 6zdederini ve bunlara ait 6zvektoérlerini hesaplar.

' Veriler:

' A(n,n): Tekil olmayan simetrik bant matris. Sadece Ust bant kismi verilir
' B(n,n): Tekil olmayan simetrik bant matris. Sadece Ust bant kismi verilir
'n: A ve B nin boyutu

'iBantA: A nin yari bant genisligi

'iBantB: B nin yari bant genisligi

' m: Hesaplanmasi istenen 6zdeger sayisi

' Giktilar:

' ALamda(n,2):

' X(i,1), i=1,2,..,m nolu Ozdegerler

X(i,2): i. 6zdegerin X(n,m) vektérindeki 6zvektérinin kolon numarasi
' X(n,m): Ozvektérler

' Metod: Search and power invers vector iteration

' Kaynak: "BALFOUR, J., Computer Analysis of Structural Framework
' Oxfort University Press, New York, 1992, 421-429" den alinmis
"iyilestirilmis ve basitlestirilmistir.

DIM Z(n, MaxBant), x1(n), y(n), y1(n), y2(n), w(n, 6): ' Work arrays

Eps = .000001: '6ngdrulen hassasiyet

iTrue = -1: iFalse = 0

nFound = 0

nCalc =0

ul =0

u2 =0

nFact = 0

iter =0

WHILE nFound < m

' Get Start values for accelerated secant method
ul =0
u2 =0
FORi=1TOn
FOR j = 1 TO MaxBant
Z(i, 3) = A(i, 1)
NEXT j
NEXT i

CALL Factor(n, MaxBant, Z(), iTekil, Eps, nFact): ' Factor
CALL Determinant(n, Z(), aLamda(), u2, nLess, nFound, detl, Powerl): ' Determinant

FORi=1TOn
y1(i) = RND ' Generate random numbers
WHILE y1(i) = 0
y1(i) = RND
WEND
NEXT i

' Use power invers iteration to calculate u2
WHILE iter < 5
CALL Powerinvers(n, Z(), x1(), v(), y10), y2(), w(), B(), MaxBant, iBantB, ul, u2, u3, iter)
u2 =u3
WEND

' Check that u2 has not jumped any eigenvaues. If so then divide
'u2 by no. nLess+1 and redo until u2 is to left of next eigenvalue
iDone = iFalse
WHILE iDone = iFalse
FORi=1TOn
FOR j = 1 TO MaxBant
Z(i, 3) = A(i, ) - u2 * B(i, j)
NEXT j
NEXT i

CALL Factor(n, MaxBant, Z(), iTekil, Eps, nFact): ' Factorise
IF iTekil = iTrue THEN

u2 = .9999 * u2
ELSE

CALL Determinant(n, Z(), aLamda(), u2, nLess, nFound, det, Power): ' Calc determinant and cont values

IF nLess = 0 THEN iDone = iTrue ELSE u2 = u2 / (nLess + 1)

END IF

WEND Dsearch
det2 = det devam
Power2 = Power ediyor
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' to jump over one or more eigenvalues Dsearch
acc = 2: ' acceleration humber
WHILE (nLess <= nFound) devami
4690 FOR i = 1TO n: ' Calculate the coefficient matrix
FOR j = 1 TO MaxBant
Z(i, 3) = A(i, J) - u2 * B(i, j)
NEXT j
NEXT i

CALL Factor(n, MaxBant, Z(), iTekil, Eps, nFact): ' Factor
IF iTekil = iTrue THEN u2 = .9999 * u2: GOTO 4690

CALL Determinant(n, Z(), aLamda(), u2, nLess, nFound, det2, Power2): ' Calc determinant count eigenvalues

' if method has coverged then avoid the risk of division by use
' simple scaling
IF (ABS((u2 - ul) / u2) > Eps) OR (nLess > nFound) GOTO 4850
u3 = 1.0001 * u2
GOTO 4900
4850 T = det2 - detl * 2 ~ (Powerl - Power2)
IF T = 0 THEN
PRINT "Zero division occured, possibly A or B singular!"
END
END IF
u3 =u2-acc *det2 * (u2-ul)/T

' if change less then %1 then accelerate the method

IF ABS((u3 - u2) / u2) < .01 THEN acc = 2 * acc
4900 ul =u2

detl = det2

Powerl = Power2

u2 =u3

WEND

' end of Secant method

nCalc = nFound
WHILE (nCalc < nLess)
FORi=1TOn
y1(i) = RND
WHILE y1(i) = 0
y1(i) = RND: ' generate random numbers
WEND
NEXT i
iDone = iFalse
WHILE iDone = iFalse

" invers iteration
CALL Powerinvers(n, Z(), x1(), y(), y1(), y2(), w(), B(), MaxBant, iBantB, ul, u2, u3, iter)
IF (ABS((u3 - u2) / u2)) < Eps THEN iDone = iTrue

' This part calculates the eigenvector once eigenvalue
' has been found by inverse iteration

nFound = nFound + 1

alamda(nFound, 1) = u2

alamda(nFound, 2) = nFound

' Calculate denominator

Den =0

FORi=1TOn

Den = Den + x1(i) * y(i)
NEXT i

Den = SQR(ABS(Den))
aMax = 0

' Calc the vector and aMax element
FORi=1TOn
X(i, nFound) = x1(i) / Den
IF ABS(X(i, nFound)) > ABS(aMax) THEN aMax = X(i, nFound)
NEXT i

' Schmidt orthogonalisation
K = nFound - 6 * ((nFound - 1) \ 6)
FORi=1TOn
w(i, K) = B(i, 1) * X(i, nFound)
FORj=1TO iBantB - 1
IFi-j>0THEN w(i, K) = w(i, K) + B(i - j, j + 1) * X(i - j, nFound)

IFi +j <= n THEN w(i, K) = w(i, K) + B(i, j + 1) * X(i + j, nFound) Dsearch
NEXT j
NEXT iJ devam
ediyor
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Dsearch devami

' Normalise
FORi=1TOn

NEXT i

' end of find eigenwector

nFact = 0

iter =0
WEND
WEND

' Sorting eigenvalues
iDone = iFalse
WHILE iDone = iFalse
iDone = iTrue

iDone = iFalse
T = alamda(K, 1)

alamda(K+ 1, 1) =T
T = aLamda(K, 2)

alamda(K+ 1,2) =T
END IF

NEXT K

WEND

END SUB ' Dsearch sonu

X(i, nFound) = X(i, nFound) / aMax

IF u2 <= ul THEN nCalc = nCalc + 1

FOR K =1 TO nFound - 1
IF aLamda(K, 1) > aLamda(K + 1, 1) THEN

alamda(K, 1) = aLamda(K + 1, 1)

alamda(K, 2) = aLamda(K + 1, 2)

35. PROGRAMLAR: Genel 6zdeger ve 6zvektor hesabi - DSearch

SUB Factor (n, MaxBant, Z(), iTekil, Eps, nFact)

'This subroutine decomposes symmetrik, positive definit, banded
'matrix Z in the form U(Transpoz) D U

iTekil = 0: ' Nonsingular
FORi=1TOn
IF i < MaxBant THEN iFin = i - 1 ELSE iFin = MaxBant - 1
FOR K = 1 TO iFin
Z(i,1)=2(,1)-2(i-K, K+ 1) *Z(i-K, K+ 1) * Z(i - K, 1)
IF ABS(Z(i, 1)) < Eps THEN
iTekil = 1: ' Matrix Singular
EXIT SUB
END IF
NEXT K

FOR j = 2 TO MaxBant

IF i < MaxBant THEN iFin =i - 1 ELSE iFin = MaxBant - j
FOR K = 1 TO iFin

IF j + K > MaxBant THEN EXIT FOR

Z(i, 1) =23, 1) -Z2(0-K, K+ 1) *Z(i-K, j+ K) * Z(i - K, 1)
NEXT K

Z(i, j) = z(i, 3) / Z(i, 1)
NEXT j
NEXT i
nFact = nFact + 1

END SUB ' Factor sonu

FORi=1TOn
y(i) = y1(i)
NEXT i

' Forward subtitution
FORi=1TOn

S=0
IFi <> 1THEN
FOR j = 1 TO iFin

NEXT j
END IF

x1(i) = (y(i) - S) / 2(i, 1)
NEXT i

' Backward subtitution
FORi=1TOn-1

FOR j = 1 TO iFin

NEXT j
NEXT i

' Calculate the weighted vector
FORi=1TOn

y(i) = B(i, 1) * x1(i)

FORj=1TO iBantB - 1

NEXT j
NEXT i

' Calculate new trial vector based upon the weighted vector

FORi=1TOn
y2(i) = y(i)
NEXT i

SUB Powerinvers (n, Z(), x1(), y(), Y10, y2(), w(), B(), MaxBant, iBantB, ul, u2, u3, iter)
' This subroutine performs one cycle of vector inverse iteration and vector orthogonalises
' the trial vector to the last six eigenvalues to allow for multiple roots

' This part solves a system of linear equation where
' Coefficient matrix has been decomposed using subrotine Factor

IF i > MaxBant - 1 THEN iFin = MaxBant - 1 ELSE iFin =i -1

S=S+2Z(-j,j+1)*Z(i-j 1)*x1(i-j)

IF i > MaxBant - 1 THEN iFin = MaxBant - 1 ELSE iFin =i

x1(n-i)=x1(n-i)-Z(n-i,j+1)*x1(n-i+j)

IFi-j>O0THEN y(i) = y(i) + B(i-j,j+ 1) *x1(i - j)
IFi+j <=nTHEN y(i) = y(i) + B(i, j + 1) * x1(i + j)

IF (nFound < 6) THEN iFin = nFound ELSE iFin = 6

FOR j = 1 TO iFin

Alfa = 0

FORi=1TOn

Alfa = Alfa + x1(i) * w(i, j)
NEXT i

FORi=1TOn
y2(i) = y2(i) - Alfa * w(i, j)
NEXT i

NEXT j

' Denominater

Den =0

FORi=1TOn

Den = Den + x1(i) * y(i)

NEXT i

' New trial vector
Den = SQR(ABS(Den))

FORi=1TOn
y2(i) = y2(i) / Den
NEXT i

Anum =0

' New estimated aLamda (u3)
Den = Den * Den

FORi=1TOn

Anum = Anum + x1(i) * y1(i)
y1(@i) = y2(i)

NEXT i

u3 = ul + Anum / Den
iter = iter + 1

END SUB ' Powerinvers sonu
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