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New Criteria on the Stability of Interval Discrete Dynamic Systems
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Abstract; In this present paper, the method of interval analysis has been used to study asymptotic stability of interval dis-

crete dynamic systems, the theorems of Jury, Kharitonov and Routh-Hurwitz are extended to interval discrete dynamic systems,

some sufficient conditions are obtained. These results can be verified by using computer program.
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WiIHEE T AEENEL. XT - RXEBN N AR
ZRBEENMAEHNELEFZER, XTEH
XEsh R GEREEBEA DR (L[1~5]). %
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1 XEIEE.XBEHEFERTTII (The oper-

ations of interval and the determinant of inter-

val matrices)

FIRLHER LW AR EIMES (L& 5
M=OF )
S =1{la,blla,b € Rja < b}.
THEHRNEEEXNES SPTEWER, %la,b],

[c,d],[e,fl € S HAKXIE.

EX1.1

Dla,b] +lc,d]l =la+c,b+dl;

2)la,b] -[c,d] =[a-d,b-cl;

3) [a,b]lc,d] =

[min{ ac, ad, bc, bd} ,max{ac,ad, bc,bd}].
HHE XA G e T R .
MR 1.1 1) [a,b]+[c,d] = [c,d] +[a,b];
2) [a,b] + ([c,d] + [e,f]) =
(La,b] +[c,d]) + [e,f].
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MR 1.21) -[a,b]l =[-0b, - al;
D la,bl-[a,b] =[a-5b,b~al.
MR 1.3 1) [e,bllc,d] = [c,d]la,bl;
2) [a,b]([c,d]le,f]) =
(La,bllc,dDle,f].
M5 1.4 1) [a,b]([c,d] + [e,f]) c
la,bllc,d] +[a,blle,fl;
2) (Le,d] +Le,fDla,b]l c
[c,dlla,b] + [e,f][a,b].
MR 1.5 1) [a1,51] + [a,b5] + - + [a,,0,] =
Lay, by + (Lazsbo] + o+ + [an, b, 1);
2) [ay,byllaz,b2] [ a,,b,] =
[al’bl](‘:a2’62}"'[an7bn])-
EX 1.2 FHa>O0MKEXE[a,b] >0,%b
< 0,MFRXE[a,b] < 0.
EX 1.3 Hla,b]l-[c,d] > 0,UfR[a,b] >
le,d],#&la,b] - [c,d] < 0,FR[a,b] < [c,d].

EX 1.4 |[a,b]] = [minl|al,lbl},
max{|al,|b]}].
&% X [B] 50 %
[busen)  [bp,cp) [b1nscin]
CIB.C] = [bzlzczﬂ [17222622] [bZn;CZn] .
[bnliénl] [bn2’cn2] I:bnn’cnn]
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EX 1.5
det(G[B,C]) =
2 (= 1) Ui
[bljlacljlj[b2j29c2j2]"'[brg‘nycnjn]-

RN T XK EERE 6B, C] ARFTAR
FITLR TR ol AT, j1, )2, A 1,2,
o, n KRS

Fe i,

t([[bn,Cll] [5127'012]])_
[b21a621:| [522’022]

[bu,cu][bzz’%z] - [512,012][521’621]-

1.1 W€ la,bl,y €[c,d],N:

Dxzxy€la,blxle,dl;

2) xy € la,bllec,d].

51 1.2 Bx€labl,i=1,2,,m:
1) )+ %+ " + %, €
lar,b:] + Lag, b2] + - + [an, b,]5
2) %12 %y € Lar, b1l az, 5] [y, byl
511 1.3 XMF{EEM A € ¢[B,Cl,l4]€
det(G[ B, C]).

BB g 11,52 1. Zﬁfﬁfﬁtﬂ O
2 FEZiL R (Main results and proof)
ZEREBXE RS
(E* + [by, ey JE 4 4 [by_yyca i JE +
[b,,c,]Dx(k) = 0, (2.1)
Ex(k) = Ax(k). (2.2)
XE A = ([b,c5]) nxn-
R DMIFMEF R AX B LR .
A" 4 [bye A 4 o 4 (b, 1,604 + [By,6,] = 0.
(2.3)
R Q.2)WRAET R
‘ det(Al - A) = 0. (2.4)
N N
P(A) =det(Al = A) = A" + [by, e JA%1 4 - 4
[bn-1sca1]A + [byse,]. (2.5)
BR,EZH(Q2.1D),QLOBEENMTHREQ.5)
FOREEREGBNT 1B max ([} < 1,0 T e
BRI, B 14 G T A
1) [bg,col = 1, [b1,e1ls [ba2,e5],0, [b,.0,
enzls[bn_tren1)s[ by, 15
2) [bnyends[buots€notlslbazscnnd, o,
[byyeas 1L byye (15115

3) [b(n,cOl)] (b (1>’ (1)] [bén,cél)],...’
[bsll)z, (1)2} [bﬁl)l, (1)}

4) [bgzl)lacﬁl)l] [bgll)z, (1) [bSLl)3!c<nl)3
(087, ef0, 157, 601,157, V15

5) (67, ¢ 1,067, cf” ],
(82,627, [2,,c?,7;

6) [0, ¢%51, 1625, e 3], [6P4, ),
...[562)’0(()2)];

2n = 3) (8672, el 1,060, ef" ],
[ b%”—z) (n—z):l :
2n - 2) [bén 2)’Czn 2)][b(n 2, (n_z)]’

[6§"2, cfm 275

20 1) (8,1, 50 of =],
XE
[bo,co] [bascs]
(540 oD = det[ ]
’ ‘ : [bn9cn] [bO’CO:l
[, c(D] = et[ [boscol  [bactscn- 1]}
[bndcn,] [blyc}] "
(60, e] = det[[bo,%] b E
[bn’cn} I:bnl,Cn 1]

(1) (1) (1) <1>
(21 = o 00 L]

(B0, [0l
[{bﬂ) (1)] [b<_2,0922]
(b0 ] [b0eP11
[b(l) (()1)] [b(l) (1)1
(60,62 ] [0, e,

[ ng) (2)]
[ bﬁ”z, Cslz)z] = det[

BATE T &R,
EIE 2.1 XEZHK P(A) B PTA R AERHE
RV Z BB N B FE SRR
P(1) >0, (-1D"P(-1) >0, |bea| < 1
1166V, e§P 1] > |18, ¢S],
][bé”,cé”]’ > l[b(n,2)2’ (2) ]l JRTE
H:b<n—2) (n—2):|| > Hb(n 2) (n-2)]|
Hb<n 1) nl)” Hb<" 1)
IE T 1.3 AT e EA R T Xﬂi
HEI
A" 4 g Ant g

FRAEAE 1S T T Z A P

(n 1)”

a; € [bi,Ci:l’

4 1A+ ay,
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PO RR O B EK T3 ) R Tury S 3R

X2 ) AR A = 2, UL T
HAEMRRIA < 1 BERELE o K
Re(w) < 0, ZIA(2.5)2 HL I

Q(w) = [po,qolw” + [prrgi]o™™! + - 4+
(2.6)

[pn—l9qn—l:|w + I:pn’qn:|~
XH

i[bk’ck](cfbk -

k=0

CiC2 + -+ (= 1)FICIC ).

Bl Y = 36, AN

A2 byer A%+ 4 [baye A + [b3,e3] = 05

[Posq0) = Lbosco) + [b1,c1) + [b2,60) + [b3,¢3);

[pl,qJ = 3( [bo’co] - [bs,cs]) + [bbcd + [52’02];

[p2,g2] = 3(Lbo,col + [b3,¢3]) = [b1,¢1] = [baye0];

[ps,q3] = [boscol = [b1,e1] + [by5¢0] = [ B3, ¢35
TE 2.2 #

hl(w) = Pnt+ gpow + pn_4a)2 + Qn—6w3 4oy,

(pirqi] = CiCly +

81(®) = Pt + Go3® + pu_s@® + gugo’ + o,
g2{®) = Gyt + Puzw + @5’ + Py’ +
HEA
k1<w) = h1(w2) + Sg1(<l)2);
ky(w) = hi(w?) + sga(w?);
ky(w) = hy(w?) + sgi(w?);
k4(w) = hz(wz) + ng(wz)
R (Hurwitz) , ] P(X) BIAFIEAR #R7E B F 1
ZBALBE .
I XMEEMEZ IR
aoA™ + a A" 4

a; € [bnci]-

o+ @, A+ oa,,

(2.7)
S
14+ w
A= 1-w
B
dow" + diw™ '+ + dy_jw + d,. (2.8)

% 58 B4 1 R i, i Kharitonov &2 28117177 41
(2.6)RE, T& P(Q) WA E & T 5 5 1 i 21 [

ho(w) = Gu + Pog® + qu_a@® + ppsw’ + -, M. iFEE
EE23 #F
[ [pisail [ po> g0] 0 0 i
[ p3,¢s] [ P2, 2] [p1>q1] [ Pos ol
AV [ pssqs] [ pssqal [ p35 g3l [ p2,q2] >0, (2.9)
Ll par-15926-1] [ pasas q2e-2] [ par-3s qai-s) [ p2k-asqas-4l [ pi>qi]
k= 1,2, n, 554, P(1) = [0.405,0.9] > 0,

By = [purgalda s
(EHEAR 0 > 0, Mp,q] = 0) MEHK P()
P AREALE AR 389 5 T 5 T T ) P57 [T Y

OB 4 1 AR B B IX ] £ 3 3% 49 Routh-
Hurwitz[s]%ﬁ‘. :

UE  H33C[9] A 2 AY E A AT 40 24 8 B 4 1
W, (2.8) IR A SUSEH, N (2.7) AR &
THEMEAN.

3 Rz FHZHI (Tlustrative examples)
Bl1 FEREBBXFENNES
(B +[-0.3,-0.1]E* + [- 0.3, —0.2]E +
[0.05,0.2])x(k) = 0.
HEELmA N
P(A) =A*+[-0.3, -0.1]A% +
[-0.3, -0.2]a + [0.05,0.2].
B % 25 X B AT DA .

(-1)*P(-1) = [0.6,1.05] > 0,
1[0.05,0.2]| < 1.
R
[1,1],[-0.3, -0.1],[- 0.3, -0.2],[0.05,0.2];
[0.05,0.2],[- 0.3, -0.2],[-0.3, —0.1],[1,1];
[0.996,0.9975];
[-0.29, - 0.04],
[-0.295, - 0.04],[ - 0.295, — 0.04],
[-0.29, - 0.04],[0.996,0.9975];
[0.905,0908],[ - 0.375, - 0.125].

[1,1] [0.05,0.2]
(1) (D7 _ ? _
Lo 0] = ([0.05,0.2] [1,1] )
[0. 99609975]
b (D] ( [1,1] -0.3, _02])
[0.05,0.2] [03_01]
[-0.29, - 0.04];
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[1,1] [-0.3, -0.2]

() (7 _ -

(627, e2"] = ([0.05,0.2] [-0.3, -0.2]) =
[-0.295, - 0.04];

[b(()Z)ac(()2):| =
( [0.996,0.9975] [-0.295, - 0.04])
[-0.295, -0.04] [0.096,0.9975] / ~

[0.905,0.908];
(61,1 ] =
( [0.996,0.9975]
[-0.29, - 0.04]
[-0.375, - 0.125];
i
166V, ¢V 1] =10.996,0.9975] >
[[65V, e8P = [0.04,0.295],
[[562,e81] =10.905,0.908] >
1882, ¢21] = [0.125,0.375],
HAEH 2.1 AJHL ZRGEHHERE .
Bl 2 FEEHXENHRSE
Fxy(k + 1)
%k +1) | =
Las(k + 1)
r00.1,0.2] [-1,-0.8] [0.1,0.2] 7] x:(k)
[0.1,0.2] [-0.1,0.1] [0.3,0.4] || x(k) |,
L [0.8,1] [0.2,0.4]  [0.05,0.1]HL x4(k)
BZREMFIET RN .
A2+ [-0.4, -0.05]a% + [- 0.305, - 0.25]A +
[0.145,0.445] = 0,

A= Y AT R,

[-0.295, - 0.04]) ~
[-0.29, —0.04]/ ~

[0.74,1.345]w® + [1.915,1.92]w? +
[4.135,4.14]w + [0.6,1.205] = 0.
BT
[0.74,1.345] > 0,
[1.915,1.92] [0.74,1.345]
[0.6,1.205] [4.135,4.14]
[6.2978,7.5048] > 0,
HEMR 2.3 Al A ZRGHEFREE .
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