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Abstract: The aim of this work is to study the problem of solvability and stability for switched
discrete-time linear singular (SDLS) systems with the same switching rules in coefficient matrices
under Lipschitz perturbation. Firstly, we prove the unique existence of the solution, as well as
describe the manifold solution. Secondly, by utilizing a Lyapunov function, we derive certain conditions
that guarantee the stability of these systems. Finally, we illustrate obtained results through an example.
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1. Introduction

In this work, we investigate stability of switched discrete-time linear singular (SDLS) systems with
the same switching rules in coefficient matrices under Lipschitz perturbation of the form:

Egox(k + 1) = Agaoyx(k) + f00 (x(K)), €Y)
where o: N U {0} = {1,2, ..., N} =: N, is a switching signal taking values in the finite set N, E;, A; €
R™™ and f;: R™ - R™,i € N, are perturbations, x(k) € R™ is state vector at time k € N. Suppose that
the matrices E; are singular for all i € N. For notational convenience, we put o(—1) = 1.

There are already quite a few works devoted to the stability of SDLS systems, due to their
importance in both theoretical and practical aspects ([1-3],...). Recently, in [4, 5], the authors have
studied solvability and stability of SDLS systems which have no perturbations. In [6], the authors study
sovability and stability for SDLS systems with the different switching rules in matrices E and A under
Lipschitz pertubation f. However, to the best of our knowledge, there are still no results about sovability
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and stability for SDLS systems with the same switching rules in matrices E and A under Lipschitz
pertubation f of Eq. (1). Thus, in this work we have attempted to fill this gap.

The paper is organized as follows. In Section 2, we summarize some preliminary results of SDLS
systems of index-1. In Section 3, we study solvability of SDLS systems under Lipschitz perturbations.
Section 4 deals with stability of these systems.

2. Preliminaries

Consider the homogeneous SDLS systems
Esiyx(k +1) = Agyx (k) 2)

where : N U {0} = N denotes the switching signal that determines which of the n € N modes is active
at time k. Suppose that the matrices E; are singular for all i € N. Assume that the system (2) is of index-
1 ([4, 7)), i.e., the following hypotheses are fulfilled:

(@) rankE; =r <n,Vi €N,

(b) S; N ker E; = {0},Vi,j € N, where S; = A7 *(ImE;) = {§ € R™: 4;¢ € ImE;}.

It is proved that from hypothesis (b) we have

S; @ kerE; = R",Vi,j € N

(see, e.g. [4]). Let the matrix V;: = {s}, ..., s], R ™%, ..., '}, whose columns form bases of S; and ker
E;, respectively, and Q = diag(0,,I,_,),P = I, — Q. Here O,. is the r X r zero matrix and I,,_, stands
for the (n — ) x (n — r) identity matrix. Then the matrix Q;: = V;QV;”* defines a projection onto ker
E; along S; (i.e., Q? = Q; and Im Q; = ker E; ), and P;: = I, — Q; = V;PV; ! is the projection onto S;
along ker E;. Further we define the so-called connecting operators Q;;: = VjQVi‘l.

The following theorem from [4] presents a characterization of the system (2).

Theorem 2.1. ([4]). For switched discrete-time linear singular homogeneous system of index-1 (2),
the following assertions hold:

(a) Gij = E; + A;Q;; is non-singular ;

(b) E;P; = Ej;

(¢) P; = Gj;'Ey;

d) V76 AVQ = Q.

foralli,j € N.

3. Solvability

Consider switched discrete-time singular system with perturbations (1). Let us associate system (1)
with the initial condition
Poky-1)X (ko) = Pgicy-1)Y 3)
where y is a given vector in R™ and k,, is a fixed nonnegative integer.
Theorem 3.1. Let f5(4)(x) be a Lipschitz continuous function with a sufficient small Lipschitz
coefficient, i.e.,
Ifi(x) = fiGON<L; Il x—%Il,vx,x € R",i €N, 4)
and
w;: = Lymax{||Q;;G;;"||:j € N} < 1,vi € N. 5)
Then the IVP (1), (3) has a unique solution.
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Proof.
Multiplying on both sides of equation (1) from the left by Py ) Go o1y @ Qo) Goioyo(k—1):
respectively and observing that
Golioote-1)Eotty = Pogiey PotoQutey = Qu(kyPo) = 0
we get
Pogioyx(k + 1) = PyieyG o lioyo te-1)Aa )X (K) + Pogiy Goliok—1)foto (X (K)), (6)
Qo)) Gaicyo(k-1) Aty X (k) = =Qu10)Gor iy te—1) for ey (X (). (7)
Let u(k) = Pyk—1yx(k), v(k) = Qgk—-1yx(k), (k € N) we get
Poy Go(ioyo (k1) Ao v (k)
= Py (10)G o icyo (k—1)Ac () Qo (k=) X ()
= Py Golioyo (1) A0 (10 Qo (kya (k-1 Vo 10y @V (le-1yX (k)
= Py Golioote-1) (Gotkyote-1) = ot )Voky@Votk-1)X (k)
= (Poticy = PoPoc)Vo i) Vs (k-1 (k)
=0
and from (6)
u(k +1) = Py0)G o ioyo (k-1 Aa 10U (k) + Py G oiioyoe—1y fotey (k) + v (k) 3
By item (d) of Theorem 2.1,
Gy oo te-1)Aci0 Qotrot-1) = Voo @Vate) = Qoo
In addition, we use the fact that Q; = Q;; - Qj;, Q; - Qj; = Qj;, the left side of (7) can be expressed
as
Qo) Gty (k-1 Ay X (K) = Qo Goliyoke—1)Aaio k) + v(k))
= Qo0 Gotote-1 At (6) + Qo0 Gogioak-1Ast0 Qoo k-1 Qok-1o X (K)
= Qo0 Golinote-1)Aciou(k) + Quk—1)a ()X (k)
Hence, it follows from (7) that
Que-1)00% (k) = =Qui0 G iy te-1y Aoty (k) = Qo0 Gy (-1 forticy e ()
Now acting Qq (k) (k—1) On both sides of the last relation we get
v(k) = Qope-1)%(k) = = Qo0 =) Gatiyo(k—1) [ fo o WK) + v(K)) + Agoyu(k)]. €))
By equation (8), suppose that u: = u(k)(k = k) is known, where
u(ky) = Pa(k0—1)x(k0) = Pa(k0—1)V
is given. We consider an operator T;;: Im Q;; = Im @Q;; defined by
Tij(v): = —Q;; G [fi(u + v) + Aju]
Since
IT:; () = Ty =N Qi; G5 [fi(u +v) — fitu + ) |l
< [0y G5 IfiCu + v) = fiw + DI
< QG5 L v =P lIS w; lv=Dl<lv—7I,
the operator T;; is contractive. Therefore equation (9) has a unique solution given by a mapping
ok Im Pyi_1y = Im Qg (k—1), Io (k) (W (k)) = v(k). Moreover, it is easy to show that g, is a
Lipschitz continuous mapping having the Lipschitz constant
— -1
Kotky: = Wogcy (Lot + 1Aago ) Lot (1 — 0ou) (10)
Thus, the IVP (1), (3) has a unique solution given by
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x(k) = u(k) + goq (W (k)), (11)
with u(kq) = Pg(k,-1)y- The proof is complete.

In what follows without loss of generality, assume that f;(0) = 0,Vi € N. This implies that
Ja(k)(0) = 0 and equation (1) possesses a trivial solution x(k) = 0. It follows from (11) that each
solution x (k) of the IVP (1), (3) satisfies x(k) = Py(k—1yx(k) + o) (Pock—1yx(k)) Or equivalently,

Qok-1)x(k) = _Qa(k)o(k—l)Gz;(lk)a(k—l)[fo(k)x(k)) + Aoy Poe-1)x (K) |-
Fori € N, we set
Ai:={x € R™:Q;x = —Q;;G;;* (f;(x) + A;Pjx), for some j € N}. (12)

If x = x(k) is any solution of the IVP (1), (3), then obviously x(k) € A,y (k = ko). Conversely,
for each 6 € A;, there exists a solution of (1) passing 6. Indeed, let o be a switching signal satisfying
o(k) =i and x(m, k; 8)(m = k) be a solution of (1) satisfying the initial condition Py _1yx(k) =
Pyk—1)0. Clearly,

x(k, k; 0) = Pye—1yx(k) + 9o ey (Pore-1)x (K))
= Pye-1)0 + Qo-1)0 = 0.

We will prove that the set A; does not depend on the choice of projections in the following
proposition.

Proposition 3.2. Let i,j € N and the solution manifold A; be defined in (12). Then, the following
hold:

(a) Ai = Qi: = {x € Rn:fi(X) +Aix € ImEl}

Proof. (a) Let x € A;, then exists j € N such that

Qjx = —QyGi; (fi(x) + A;Pix),
hence
x =Pix + Q;x = —Q;G; f:(x) + (I — Qi;Gi;* A;) Pyx.
From the last relation, we get
fi) + Apx = (I = 4;Q45G3;" ) fi(x) + Ai(I — Qi;Gi; A Pyx.
Observing that
Ai(I = QijGij Ai)Pix = (I — AiQijGij ) AiPyx

we find
fi() + Ai(x) = (I = 4;Q4;G5")(fi(x) + A:P;(x))
Since
AiQijG;t = (G — E)G' =1 - EiGij'
it implies that
fi(x) + A;(x) = E;G;;*(fi(x) + A;Pj(x)) € ImE;.
hence x € ;.

Conversely, let x € R™ such that f;(x) + A;x € ImE;, i.e, there exists £ € R", satisfied f;(x) +
A;x = E;¢. We have to prove that
Qjx = —Qy;Gi;* (fi(x) + AiPjx),
or equivalently,
x = =Qy G (fi(x) + Aix) + Qi;Gi; AQjx + Pyx
Denoting the right-hand side of the last relation by w; and note that
QijGi;  (fi(x) + Ax) = QijGi; Ei§ = QujPi§ = V;QVi VPV =0
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Using Theorem 2.1 we get
w; = QG A;Qx + Pix
= QG AV;QVi 'V,QV x + Pix
= Q;jGi;* (Gij — E)V;QVy ' x + Pix
= QyViQVy 'x — QG ' EViQVy 'x + Pix
= VQVV,QV x — V;QVT PVQV  x + Px
= Q;x — V;QPQV; 'x + Pix
=Qjx + Pix = x.
Thus, x € A; and the item (a) of Lemma 3.2 is proved.
(b) Let x € A; nkerE;. Then Pix = 0 and x € A;, hence x = Pix + g;(Pjx) = 0. The proof of
Lemma 3.2 is complete.
Since G;(l,%_l)a(ko)E,,(ko_l) = Py(k,-1), It IS €asy to see that the initial condition (3) is equivalent
to the condition
Ea(k0—1)x(ko) = Ea(ko—l)yr (ko =2 0) (13)
which is independent of the choice of projections. Thus both initial conditions (3) and (13) are equivalent
forall k, € N. The unique solution of the IVP (1), (3) or (1), (13) will be denoted by x(k) = x(k, ko; y).

4. Stability

In this section, the notions of stability system are introduced and the necessary and sufficient
conditions for stability of SDLS systems are established.

Definition 4.1. The system (1) is said to be

i) Stable if for each € > 0, any k, = 0 and for all switching signals there exists a 6 = &(¢, k) €
(0, €] such that ||P i, —1)¥ || < & implies [lx(k, ko; ¥)Il < € forall k = ko, uniformly stable if it is stable
and & does not depend on ky;

i) Asymptotically stable if it is stable and for any k, = 0 and for all switching signals there exists
a8 = 8(ky) > 0 such that the inequality ||Pa(k0—1))/|| < & implies |lx(k, kq; ¥)Il = 0 as k - +oo.

Remark 4.2. In the above definition, if replacing the initial condition Py, —1)y bY Eg(x,-1)Y then
we get notions of E-stability, E-asymptotical stability (respectively). However, since the relation
GglEl- = P; and E;P; = E; for all i,j € N, it is easy to show that they are equivalent to above notions
(respectively).

Denote by X the class of all increasing functions i from [0, o) into itself such that ¥ (0) =
0,9 (x) > 0 for x # 0 and lim,_,+ ¥ (x) = 0.

Lemma 4.3. The system (1) is stable if and only if there exists a function i € X, such that for each
nonnegative integer k, and for all switching signals, there holds the inequality

I x(k) 1< Y (llx(k)ID, Yk = kg (14)

Proof. Assume that for all switching signals and for each nonnegative integer k,, there exists a

function ¥ € XK satisfying condition (14). Since ¥ is increasing and continuous at 0, for each positive €

there exists § = §(¢) € (0, €] such that ¥(§) < €. Let K: = max;¢y K;, Where K; is given by (10). If
x(k) is an arbitrary solution of (1) satisfying
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then

1P o(ey-1)x (k)| < 81:= K+1

llx (ko) Il = ||P0(k0—1)x(k0) + 9o (ko) (Pa(ko—l)x(ko))"
< 1Py x k(1 + Ko(ieg)) < [Py x (k)| + K) < 6. (15)

This implies that
I x(k) lI< Pllx(ko)l) < P(8) <€, Vk = ko, Vo
which implies that the system (1) is stable.

Conversely, suppose that the trivial solution of (1) is stable, i.e., for each positive € there exists a
8 = &(€) € (0, €], such that if x(k) is any solution of (1) satisfying the inequality ||Pyx,—1)x (ko) | <
¢ for all switching signals then || x(k) lI< e for all k > k,. Denote by a(€) the supremum of such §(e).
Clearly, if || Py(x,-1)X (ko) || < a(e) for some k, and for all o, then || x(k) lI< e for all k > k. Further,
ea(e)

fore =0,
(e+1)H
where H: = max{||P;|l:i € N}. It is easy to see that 0 < B(e) < %e) < %,ﬁ is strictly increasing and
continuous at 0. Then there exists the strictly increasing inverse of § from Im £ to [0, c0) which can be
expanded to ¥ € K. Let x(k) be a solution of (1) and k, be a fixed nonnegative integer. Set ¢;: =I|
x(k) Il and consider two possibilities. If || x(k) I= 0 then Il x(k) I= 0 < Y (llx(ky)I) since Y is
nonnegative. Now suppose that €;: =l x(k) II> 0. If |[x(ky)ll < B(ex) then

||Pa(k0—1)x(ko)|| < HB () < a(eg).

This implies that || x(k) I< €, =l x(k) Il, Vk = kg, which is contradiction. Therefore ||x(ky)Il =

B(e,) which is equivalent to
Il x(k) 1= €, < B~ 1(x(k) ) = Y(llx (ko) D).

The proof is complete.

Remark 4.4. The above lemma is developed and modified from Lemma 3.3 in [7]. Here, i is a
function of |lx(k,)|l which doesn't depend of the choice of projections and ¢ € K containing the class
of all continuous and strictly increasing functions ¥ from [0, ) into itself, such that ¥(0) = 0.
Moreover, to prove the converse, we have constructed the function ¥ which is different from Lemma
3.3in[7].

Theorem 4.5. The existence of the Lyapunov functions V,;: N x R™ — R, being continuous in the
second variable at y = 0 and the functions a, Y, € K, such that

Dally ) <Vs(k,y) <yl y I),Vk = 0,Vy € Ay, Vo,

i) AV, (k,y(k)):=V,;(k+1,y(k + 1)) =V, (k,y(k)) < 0,Vk = 0,Va, for any solution y(k) of
(1) corresponding o, is a necessary and sufficient condition for the stability of the SDLS system (1).

Proof.

Necessity. Suppose that the system (1) is stable. For each k,, then according to Lemma 4.3, there
exist functions 1, € K (ko > 0), such that for any solution x (k) of (1),

the function a(e€) is positive and increasing and moreover, a(e) < €. Putting S (€): =

Il x (k) 1< Py, (lx (ko) D, Yk = ko, Vo (16)

We define the Lyapunov function
VO'(kOI V) = sup ”xCT(kO + m, kOl V)", for each 14 € Rn’ kO EN (17)

meN

where x, (ko + m, kqo; v) is the unique solution of (1) corresponding to switching signal o satisfying the
initial condition P —1)x4 (ko) = Pg(k,-1)Y- INequality (16) ensures the correctness of definition (17).
By (15), we have
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%6 (ko)ll < (K + D|Po,-1)%e ko)l = (K + DIIPggeg-yl < K+ DH Iy I,
where the constants K, H are given Lemma 4.3. Define 1/7k0 (t): = Py, [(K + 1)Ht] for t = 0. Then we
imply that
Vo (ko ¥) < Pi, (llxs (ko)D) < Yy (K+DH Ly D) = l/jko(" y ID,Vko = 0,Vy € R", Vo
This implies that V;(k,, 0) = 0 and the continuity of the function V w.r.t the second variable at y =
0. For each y € As(x,), by (3.11), we have
Vo (ko,y) = §g£llxa(ko +Lko; VI = llxg (ko ko; I =Ny l:=a(ll y 1) (18)
On the other hand, for each k, > 0 due to the unique solvability of (1)-(3), it is easy to see that
{xs(ko + Lko; y(ko)): 1 = 0}= {y(ko + 1):1 = 0)}
S {ylko +D:1=1)} D {xs(ko+ 1+ Lko+1;y(ko+1)):1 =0}, (19)
where a,, (k) is the switching signal corresponding y (k). Thus
V.(k+1,y(k+ 1)) = Slg(?”x"(k +1+Lk+1Lyk+ 1)

< slggllxa(k + Ly = Vo (k, y(k))

which implies AV (k, y(k)) < 0. The necessity part is proved.

Sufficiency. We argue by contradiction by assuming that the system (1) is not stable, i.e., there exist
a positive €,, a nonnegative integer k, and a switching signal a, such that for all § € (0, €,], there exists
a solution x,, (k) of (1) satisfying the inequalities ||Py(x,—1)Xs (ko)|| < & and llx, (k1)1 = €, for some
ki = ko.

Since V,(ko,0) = 0 and V,(k,,y) is continuous at y = 0, there exists a 8§y = &y (€, ko) > 0, such

that for all ¢ € R™, || € lI< &, and for all o we have V, (kg, é) < €1: = a(ey). Choosing 6, < {Ks—fl,eo}

we can find solution x,, (k) of (1) satisfying ||, -1)Xs (ko) || < 8o, however llx, (k;)Il = €, for some
. 84 ,

k1 2 ko. Since [|Pok,-1)%6 (ko)l < 8o < -, Nl (ko)ll < &g and one gets Vy (koo x4 (ko)) < €. 0N

the other hand, using the properties of the function V, we find

Va(ko;xa(ko)) = Va(kl:xa(kl)) > a(llxs (k)N = a(eg) = €,
which leads to a contradiction. The proof of Theorem 4.5 is complete.

If the system (1) is uniformly stable, then the function i, in the above theorem can be chosen
independently on k. Therefore, a similar argument as in the above proof leads to the next result.

Theorem 4.6. The system (1) is uniformly stable if and only if there exist two functions a,b € X
and the Lyapunov function V;: N x R™ — R,, such that

Dally ) <Vs(k,y) <b(ly I),Vk = 0,Vy € Ay, Vo,

i) AV, (k,y(k)):=V,(k+1,y(k + 1)) = V;(k,y(k)) < 0,Vk = 0,Va, for any solution y(k) of
(1) corresponding o.

Next, we present sufficient conditions for asymptotical stability of the system (1).

Theorem 4.7. Suppose that there exist the functions a,c, ¥, € K and the Lyapunov function
V:Z, X R® - R, such that

Dally ) <Vs(k,y) <l y 1), Vk = 0,Vy € Ay, Vo,

i) AV (k,y(k):=Vy(k+1,y(k+ 1)) = V;(k,yk)) <—c(l y(k) I),Vk = 0,Vo, for any
solution y (k) of (1) corresponding o.

Then the system (1) is asymptotically stable.
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Proof.

From Theorem 4.5, we have the system (1) is stable. By item (ii), {V, (k, y(k))} is a decreasing
sequence and is below bounded by 0. Therefore, there exists the limit lim,_,, V,;(k, y(k)). This implies
that

Jim [Vo (k + Ly (k + 1) = Vo (k, y(k))] = 0

and hence limy_oc(ll y(k) II) = 0. Since ¢ € K, it implies that limj_,, Il y(k) ll= 0. Indeed, assume
that limy_, Il y(k) = 0. Then for some € > 0, there exists a sequence {k,,} c N such that k,,, > o
and [ly(k,,)Il > €. This implies that c(lly(k,,)Il) = c(e) > 0 which is a contradiction. The proof is
complete.

Example 4.8. In this example we will use the Euclidean norms of vectors and matrices. Consider
the SDLS (1) with switching signal o: N U {0} - {1,2,..., N} = N and

110 i+1 0 0
E=@G+1(1 0 o);4= 1 1 0

0O 0 O 0O 0 1
and

sin(x
fit) =— _|(_ 11) (0,0,)7; x = (x1,%3,x3)T €R3, i € N.
In this case, ker E; = span{(0,0,1)"} and S; = span{(1,—1,0)7,(1,i,0)7}. Clearly, S; n ker E; =
{0} and rank E; = 2 < 3, hence the SDLS (1) is of index-1.

1 1 0 0 0 O
We have V;= <—1 i 0),Vi,j EN; Q= (0 0 0), therefore  we  calculated
0 0 1 0 0 1
L i -1 0 1 0 0
Vi‘1:m<1 1 0 ),QizQ;Pi:In—Qi=<0 1 0).
0 0 i+1 0 0 O

A simple calculation shows that Q;; = VjQVi‘1 =Q,Vi,j € Nand

i+1 i+1 0 1 /0 1 0
— — s el
Gij_Ei+AiQij_ i+1 0 0 ) GU _i-l-—l 1 -1 0

0 0 1 0 0 i+1
Further, the function f;(x) is Lipschitz with the Lipschitz coefficient L; = l%l Moreover, f;(0) =0

< 1,Vi € N. According to Theorem 3.1, the SDLS (1), (3)

-1 - 1
and w; = LimaX||QijGij1:] € M” = (i+1)
has unique solution.

From the definition of A;, we have x € A; if only if
Qjx = —Qy;Gi;* (fi(x) + A;Pix)

sinxq
oy Thus,

This relation leads to x; = —
sin x;
i+1
Consider a function V, (k, ¥): = 3||P,-1)y| forall y € R3. We get for each y € A;,

sin? y;
Iy 1= (¥ + 73 + 3% = jyf #}+ ot < [29 40 <332 + 32 = 3P

Moreover, V, (k,y) = 3||Py-1)¥Il < 3 Il y Il. Thus, item (i) of Theorem 4.6 is satisfied.
We suppose that y(k) is a solution of (1) and putting y(k) = u(k) + v(k), where u(k) =
Pok-1)Y(K); v(k) = Qg (x-1)y (k), we have

Al-=Qi={x=(x1,x2,x3)T:x3=— },Vieﬂ




114 N. T. Thu / VNU Journal of Science: Mathematics — Physics, Vol. 40, No. 2 (2024) 106-115

AV (k,y(k)) =V (k + 1, y(k + 1)) =V (k,y(k))

= 3(1Psr—yy(k + DI = [Poge—1yy GON) = 3wk + 1) I =l u(k) 1)
Using Equation (8) we find

1 1 0
u(k +1) = PG Aju(k) + PG5 fi(x(k)) = — ! 1 -1 0 |u(k)
(i+1 0 0 0
hence, llu(k+1) < ﬁ lu(k) I and leading to Il u(k+ 1) Il =l u(k) I< 0. According to
Theorem 4.6, the the SDLS system (1) is uniformly stable.

We illustrate the solution of this SDLS system for the case N = 2 with the specific switching rule
o(k) = (kmod2) + 1. Choose initial value x(0) = (2,1,3)7. Here, we consider a simple switching
signals that is sequentially switched: if k even, take the equation system E;x(k + 1) = A;x(k) +
f1(x(k)), otherwise consider E,x(k + 1) = A,x(k) + f,(x(k)). At each system, at step k, we found
x1(k) and x,(k) is found based on x;(k —1),x,(k — 1), while x3(k) is determined by x; (k).
lllustrating the solution of the system for 20 steps, we see that after 8 steps the solution converges to 0,
see Figure 1. Algorithm 1 provides an algpseudocode for a figure which simulates the stable solution
for this problem. It is seen that this algorithm depends on N and the switching signal o.

Algorithim 1
Initiate x(0)
for k = 0to 20
If k is even then
Solve the system E;x(k + 1) = A1x(k) + f1(x(k))
else if k is odd then
Solve the system Erx(k + 1) = A,x(k) + fr(x(k))
end if
end for
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Figure 1. Simulation of the stable solution X (x;, x,, x(3)) with N = 2 and o (k) = (k mod2) + 1.

5. Conclusion

In this work, we have studied SDLS systems with the same switching rules in matrices E and A
under Lipschitz pertubation f of the form (1). We derive solvability for these equations. The stability of
SDLS systems is investigated by using methods of the Lyapunov functions and the solution evaluation.



N. T. Thu / VNU Journal of Science: Mathematics — Physics, Vol. 40, No. 2 (2024) 106-115 115

Acknowledgements

This work was supported by University of Science, Vietnam National University, Hanoi under

project number TN.23.01.

References

[1]
(2]
(3]
(4]
(5]
(6]
[7]

Y. Xia, J. Zhang, E. Boukas, Control for Discrete Singular Hybrid Systems, Automatica, 2008, Vol. 44,
pp. 2635-2641.

G. Zhai, X. Xu, A Unified Approach to Stability Analysis of Switched Linear Descriptor Systems Under
Avrbitrary Switching, Int. J. Appl. Math. Comput. Sci., 2010, Vol. 20, No. 2, pp. 249-259.

P. K. Anh, P. T. Linh, Stability of Periodically Switched Discrete-Time Linear Singular Systems, Journal of
Difference Equations and Applications, Vol. 23, No. 10, 2017, pp. 1680-1693.

P. K. Anh, P. T. Linh, D. D. Thuan, S. Trenn, The One-step-map for Switched Singular Systems in Discrete-
Time, In Proc, 58th IEEE conf, Decision Control, 2019, pp. 605-610.

P. K. Anh, P. T. Linh, D. D. Thuan, S. Trenn, Stability Analysis for Switched Discrete-Time Linear Singular
Systems, Automatica, Vol. 119, 2020, pp. 1-9, article 109100.

D. D. Thuan, N. T. Thu, Solvability and Stability of Switched Discrete-time Linear Singular Systems Under
Lipschitz Perturbations, J. Difference Equ. Appl., Published Online: 08 April 2024.

P. K. Anh, D. S. Hoang, Stability of a Class of Singular Difference Equations, International Journal of
Difference Equations, Vol. 1, No. 2, 2006, pp. 181-193.



