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Development of a General Program
concerning a Numerical Method for Stability Analysis
of Time-Varying Linear Systems with
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Abstract

In various engineering fields, we often have a case in which the behavior of a system
under consideration is described by a set of linear ordinary differential equations with
periodic coefficients, and up to the present, various studies have been presented related
to the stability analysis of such a system.

In this paper, a general program using especially the method of reference (1) is
proposed, and also, the relation between the complexity of the system and the memory
capacity of a computer were examined, and further, the relation between the complexity

of the system and the computation time were examined.
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R=E3*(AK-QI)

X(I)=X(I)+R

Q(I)=QI+3. *R-E3*AK

CALL KARSU(T,X,COEFL,COEF2,T1,F)
DO 40 I=1,N
AK=H*F(I)
QI=Q(I)
R=E4*(AK-2
X(I1)=X(I1)+R
Q(I)=QI+3. *R-EL*AK
T=TG+H *FLOAT (K)
CONTINUE

DO 50 I=1,N
A(I,L)=X(1)
CONTINUE

RETURN

ERND

<*QI)

SUBROUTINE KANSU(T,X,COEF1,COEF2,TI,F)

DIMENSION X(1),F(1)
Do 10 1=1,10
F(I)=20.*(X(I+1)-X(I))
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Table 1. Computer program for example 1.

C STABILITY ANALYSIS OF SYSTEM WITH DLAY ELENERT SUBROUTINE TRAMAT(N,M,COEF1,COEF2,TI,TO,H,A)
DIMENSION A(11,11),XX(12),AB(22,22),INDEX(11,13) DIMENSION X(11),Q(11),A(1,1)
READ(5,111) KN H,Ll L2 El=0.5

111 FORNAT(4I12) E2=(1.-SQRT(E1))
READ(5,112) COEFO1,COEFO2,ALPHAL,ALPHA2,TI,TO,STEP,SF E3=(1.+5QRT(E1))
112 FORMAT(5F12.0) E4=1./6.
COEF2=COEFO2 PO 5 L=1,N
DO 10 I=1,L2 DO 6 J=1,N
COEF1=COEFOL X{J)=0.
DO 20 J=1,11 6 Q(J)=0.
N=KN X(L)=1.
CALL TRAMAT(N,M,COEF1,COEF2,TI,TO,STEP,A) T=T0
CALL DANILE(N,A,SF,XX,IND) DO 1000 K=1,M
IF(IND) 300,400,500 CALL KANSU(T,X,COEFL,COEF2, TI,F)
500 K=1 DO 10 I=1,N
700 CALL SCHCOH(N,K,XX,AB) AK=H*F(I1}
CALL DETERM(K,AB,DELTA) QI=Q(I)
CALL HANTEI(K,DELTA,IND) R=EL*AK-QI
GO T0 (600,500),IND X(I)=X(I)+R
600 K=K+1 10 Q{I)=QI+3.*R~E1*AK
IF(K-N) 700,700,300 CALL KANSU{T,X,COEF1,COEF2,TI,F)
300 INDEX(I,J)=0 DO 20 I=1,%
GO TO 30 AK=H*F(T)
500 INDEX(I,J)=1 QI=Q(I)
30 COEFl=COEF1+ALPHAL R=E2*(AK-QI)
20 CONTINUE X(I)=X(I)+R
COEF2=COEF2+ALPHA2 20 Q(I)=QI+3.*R-E2*AK
10 CONTINUE CALL KANSU(T,X,COEFL,COEF2,TI,F)
WRITE(6,100) ((INDEX(I,J),Jd=1,L1),I=1,L2) DO 30 I=1,N
100 FORMAT(1E1,/////,(1H0,1313)) AK=H*F(I)
STOP QI=Q(1)

F(11)=-(X(11)+{COEF1+COEF2*3IN(6.283185/TI*T))*X(1))

RETURN
EXD



128 oM — B EISEZ AR 4

T 9%+ 4n+800) 3, (3) DEHE TR (32 +8n+700) FETH D, Lichi» T e /7 Agff
TM%&X%U@ﬁka(U#+MWHN&HD%f%é&ﬁ%&oﬁé:&ﬁf%%o

YOZET R TH BN, LA
RPEXRBLOEH 2 BN D, transition matrix 3RS BE RO KB m W i EH B 5
R i CBFOFT R R RGE m f5 ey, WG MEOM L m 5 7e 5 O TRIERE NS4
Fym? e ok HERDIT B EBTE S,

431 transition matrix A 3R B B T

4. #HEMAHIUTOTSA
SO e 5 s L CEE M
— o HITAC5020 %/l L7,
Bi1l. Fig.2 ® X 5 MBEHELEL LIRO R OREHEB 2 IET 5
URFFEESRL (D) Ko & 5l tRbT 2 enTE 2

l n
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N S+l
SUBROUTINE DANILE(N,A,SF,XX,IND) 10 CALL UNIMAT(N,E)
DIMENSION A(1,1),AA(11),BB(11),C(11),X(12),XxX(1),T(11,11), DO 20 I=1,N
1T1(11,11),E(11,11),R(11,11),P(11,11),AB(22,22) DO 20 J=1,N
Q=1.E-20 IF(J.EQ.(K+1)) GO TO 40
3 K=1 T(I,J)=E(I,J)
IF(N-(K+1)) 240,65,65 GO TO 20
65 AMAX=ABS(A(K+1,K)) KO T(I,d)=A(I,X)
II=K+1 20 CONTINUE
IK=K+2 DO 50 I=1,N
IF(IK.GT.N) GO TO 500 DO 50 J=1,N
po 15 I=IK,N . IF(J-(K+1)) 60,35,60
IF(AMAX-ABS(A(I,K))) 16,15,15 35 IF(I-(K+1)) 45,70,45
16 AMAX=ABS(A(I,K)) 45 TI(I, J>~—A(I K)/A(K+1,K)
II=1 60 10 5
15 CONTINUE 70 TI(I, J) 1. /A(K+1 K)
500 IF(AMAX.LE.Q) GO TO 240 GO TO 50
IF(II.EQ.(K+1)) GO TO 10 60 TI(I,d)=E(I, J)
DO 230 KK=1,N 50 CONTINUE.
AACKK)=A(K+1,KK) DO 110 I=1,N
A(K+1,KK)=A(II,KK) DO 110 J=1,N
230 A(II,KK)=AA(KK) R(I,J)=0.
DO 250 LL=1,K DO 110 L=1,N
BB(LL)=A(LL,K+1) 110 R(I,d)=R(I,d)+TI(I,L}*A(L,J)
A(LL,K+1)=A(LL,II) po 120 I=1,N
250 A(LL,II)=BR(LL) DO 120 J=1,N
G0 TO 10 P(1,J)=0,
240 DO 260 I=1,K DO 120 L=l,N
ISzK=I+1 P(I,J)=P(I,d)+R(I,L)*T(L,d)
260 C(I)=A(IS,K) 120 A(I,J)=P(I,J)
DO 261 I=1,K+l K=K+1
IF(I.GE.(K+1)) GO TO 262 IF(K.LE. (N=1)) GO TO 65
IR=K~I+1 DO 130 I=1,N
X(I)=~C(IR) IT=N-I+1
GO TO 265 130 C(I)=A(IT,N)
262 X(I)=1. DO 140 I=1,N+1
265 XX(I1)=X(I) IF(I.GE.(N+1)) GO TO 150
IF(I.EQ.1) GO T0 261 TU=N-I+1
XX(I)=XX(I)*sp**(1-1) X(I)==C(IV)
261 CONTINUE . GO TO 14l
KH=1 150 X(I)=1l..

330 CALL SCHCOH(K,KH,XX,AB)

141 XX(I)=X(I)
CALL DETERM(KH,AB,DELTA)

IF(I.EQ.1) GO TO 140

CALL HANTEI(XH,DELTA,IND) KX(I)=XX(I)*SF**(I-1)
GO Tg 5310,320),IND 140 CONTINUE
310 KH=KH+ IND=0
IF(KH.LE.K) GO TO 330 GO TO 320
N=N-K 319 IND=~1
IF(N-1) 319,350,350 320 RETURN
350 DO 270 I=1,N END
DO 270 J=1,N
IK=I+K
JK=J+K

(=]

270 A(I, J) A(IK JK)

GO T
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SUBROUTINE TRAMAT : transition matrix ¢ ;
SUBROUTINE KANSU: RO FEXDOER
SUBROUTINE DANILE: transition matrix 75 5o k5 sl o B4 o
SUBROUTINE UNIMAT: B {TFID/ERK

SUBROUTINE SCHCOH : Schur-Cohn @ %25 Fi I 0 7o 8 0 {7510 (E R
SUBROUTINE DETERM : #7715 o> i o> F4%

SUBROUTINE UNIMAT(N,E) SUBROUTINE DETERM(N,AB,DELTA
DahENS ToX ﬁ(l’l) DIMENSION AB(1,1),A4(22), BB(22) RATIO(22),PIVQT(22)
=1, -0
DO 10 J=1,N %g-o
IF(I.EQ.J) GO TO 20 Q1. 8-20
E(()I,J);g. NN:?I’Z
GO TO .
20 B(1,)e1. ?g_ioo K=1,NN
10 CONTINUE =
RETURN 9I=K
e AMAX=ABS(AB(K,K))
DO 10 I=K,NN
DO 10 J=K,NN
SUBROUTINE SCHCOH(N,KK,XX,AB) IF(AMAX.GE.ABS(AB(I,J))) GO TO 10
DIMENSION XX(1),AB(1,1),BA(11,11),AC(11,11),CA(11,11) AMAX=ABS (AB(I,J))
DO 10 I=1,KK II=I,
DO 10 J=1,KK Jd=J
IF(I.GE.J) GO TO 30 10 CONTINUE
AB(1,J)=0. IF(AMAX.LE.Q) GO TO 90
G0 TO 10 IF(II.EQ.K) GO TO 30
30 IJ=I-J+1 DO 20 I=1,NH
AB(I,d)=XX(1J) AA(I)=AB(K,I)
10 CONTINUE AB(K,1)=AB(II,I)
DO 110 I=1,KK 20 AB(II,I)=24(1)
DO 110 J=1,KK IR=IR+1
110 BA(J,I)=AB(I,J) 30 IF(JJ.EQ.K) GO TO 50
DO 20 I=1,KK DO 40 J=1,NN
DO 20 J=1,KK BB(J)=AB(J,K)
TF(I.GE.J) GO TO 40 AB(J,K)=AB(J,Jd)
Ac(1,J)=0. 40 AB(J,JJ)=BB(J)
o T0 20 IC=IC+1
40 IN=N-T+J+1 50 PIVOT(K)=AB(K,K)
AC(I,J)=XX(IN) IF(K.GE.NN) GO TO 100
20 CONTINUE DO 60 I=1,NN
DO 120 I=1,KK RATIO(I)=AB(K,I)/PIVOT(K)
DO 120 J=1,KK 60 AB(K,I)=RATIO(I)
120 CA(J,I)=4C(I,J) DO 99 I=1,NN
DO 50 .I=1,KK IF(I.EQ.K) GO TO 99
DO 50 J=1,KK Y=AB(I,K)
JKK=J+KK DO 70 J=1,NN
50 AB(I,JKK)=CA(I,J) AB(I,d)=AB(I,J)~Y*RATIO(J)
DO 60 I=1,KK 70 CONTINUE
DO 60 J=1,KK 99 CONTINUE
IKK=I+KK 100 CONTINUE
JKK=J+KK DELTA=1.
AB(IKK,J)=AC(I,d) DO 80 L=1,NN
60 AB(IKK,JKK)=BA(I,J) 80 DELTA=PIVOT(L)*DELTA
RETURN DELTA=(-1. )**{IR+IC)*DELTA
END GO TO 500
90 DELTA=0.
500" REFURN

END



130 2 e S

Table 2. The results of stability analysis for

SUBROUTINE HANTEI(X,DELTA,TND) the system expressed in Fig. 2. (SF=1)

L=K/2*2

IF(K.GT.L) GO TO 20 10-% ¥ Q 0 O * * ¥ * % x * *
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Fig. 2. First order system with a delay element for first example.
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Fig. 3. Block diagram equivalent to that in Fig. 2.
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