MTNS 93

INTERNATIONAL SYMPOSIUM ON THE
MATHEMATICAL THEORY OF NETWORKS AND SYSTEMS

August 2 — 6, 1993, Regensburg, Germany

Chairmen:

Uwe Helmke, Tel.: +49-941-9434292

Reinhard Mennicken Tel.: +49-941-9432992

Department of Mathematics Fax: +49-941-943-2305

University of Regensburg Telex: 65 658 unire d.

D-8400 REGENSBURG e-mail: Mennicken@vax1.rz.uni-regensburg.dbp.de
Germany e-mail: Helmke@vax1.rz.uni-regensburg.dbp.de

Regensburg, 01.04.1993

Dear Author,

the Symposium Chairmen of MTNS 93 are happy to inform you that your contributed or invited
paper, as listed in the preliminary program, has been accepted for presentation.

Two volumes of the Conference Proceedings will present the papers of the invited and contri-
buted session speakers. All contributed papers will undergo a reviewing process. For capacity
reasons the papers of the speakers in invited sessions are restricted to 4 pages in TEX, those
of the speakers in contributed sessions to 2 pages in TEX. An overlength fee of 100,- DM
is charged for every two additional pages. However, we ask you to limit your contribution
to maximum 6 pages for invited session papers and maximum 4 pages for contributed papers.
The composition of the Proceedings volumes is considerably simplified if all contributions have
an even number (2, 4 or 6) of pages.

The camera-ready manuscript is due by August 6, 1993. Please submit two hard copies of
vour manuscript to the Symposium Chairmen. The manuscript will be reduced in size for the
Proceedings.

Please prepare your manuscript according to the following instructions:

¢ Your manuscript should be type-set in LATEX or AMS-TEX. It should begin with the full
title, followed by the names of the authors, full address and e-mail address.

¢ The format of the manuscript should be 15,27 cm x 23,0 cm (A4).

s Please send your manuscript by Air Mail to the Symposium Chairmen.

¢ You may use 12 pt characters for the text, with a baselineskip of 14 pt.

Thank you for your contribution. The Symposium Chairmen look forward to see you in
Regensburg.



A feedback control problem in Banach spaces
M.I. Kamenskii

Dep. of Mathematics, Voronezh State University, 394693 Voronezh (Russia).
P. Nistri
Dip. di Sistemi e Informatica, Universita di Firenze, via S. Marta n. 3, 50139 Firenze (Italy).
Fax(+55) 4796363. Phone(+55) 4796356. E-mail: pnistri at ifiidg.bitnet.
V.V. Obukhovskii
Dep. of Physics and Mathematics, Voronezh State Pedagogical Institute, 394611 Voronezh (Russia).
Phone (+732) 552411. E-mail: aspo at vgpi.voronezh.su .
P. Zecca
Dip. di Sistermni e Informatica, Universita di Firenze, via S. Marta n. 3, 50139 Firenze (Italy).
Fax(+55) 4796363. Phone(+55) 4796256. E-mail: pzecca at ifiidg.bitnet.

§ 1. INTRODUCTION. In this note we will consider the following semilinear feedback

“control system

yz{(t) = Ai(t)yi(t) + fi(tvyl(t)a ",yn(t)vu(t))v yi(t) € Xi7 t e [07 1]> 1= 17 -y T ( )
1
ul(t) € V(t,yi(t), .., ya(t)) C Z, t € [0, 1],

where X;, ¢ = 1,...,n, and Z are Banach spaces. (The spaces X; are assumed to be
separable). Consider the Banach spaces X = X; X X, and Y = C([0,1], X1) x ... x
C([0,1], X.) equipped with the norm ||z = | (zl, ozl = 1n(lag( | zi ||, where || - ||,

denotes the norm in the space X; or in C([0, 1], X;) respectively.

Given an acyclic compact set X C X, our goal is to provide conditions on A;, f;,V and

on F;, defined by Fi(t,z1,...,z.) = filt,z1,...,2., V(¢t,21,...,2,)), which guarantee the

existence of a mild solu’clon y( (y1(t), ..., ya(t)), t € [0,1], of (1) with corresponding
t e

t)
control u(t) € V (¢, y1(t),. .., yn(t € [0, 1], which satisfies the boundary condition

Mt
y(1) ~ (0 € K. 2)

Theorem 2.1 below solves the problem. Its proof is based on an abstract existence result
(Theorem 2.3 of [4]) concerning the solvability of inclusions in Banach spaces. In fact, in
Section 2, we first convert the nonlinear boundary value control problem (1)-(2) into an

equivalent system of inclusions
y € I'z.y)
r € Gz, y)



Q%]

where I' and G are suitable multivalued maps associated to (1) and (2) respectively, y € ¥
is the trajectory y(t), ¢ € [0,1], and z € X is its initial condition y(0). Then we solve
the first inclusion with respect to y considering r as a fixed parameter in a convenient ball
B(0,m) C X. Replacing the corresponding solution set S(z) to y in the second equation we
obtain a multivalued map T : B(0,r) C X—oX, given by T(z) = G(z, S(z)), and we look
for its fixed points which are the solutions of the nonlinear boundary value control problem
(1)-(2).

§ 2. MAIN RESULT. We consider (1)-(2) under the following assumptions.

A) Forany i =1,...,n, {Ai(t)}tep,) is a family of closed, linear, not necessarily bounded
operators in X; generating strongly continuous evolution operators U; : A — L(Xj),
where A = {(¢,s) € [0,1] x [0,1] : 0 < s <t < 1}. It is supposed also that the U;
are continuous with respect to the norm of L(X;) when s <.

Moreover, they satisfy the following estimates

UL JUi(t, ) |9 < e=8(t=9) where & > 0, 7 = 1,...,n, and | BI™ = xi(BS) with
B € L(X;), S the unit ball in X; and x; the Hausdorff measure of non-compactness
in the space X;, 1 =1,...,n.

U2) Ly = sup||Ui(t,s) ]| < 1, i=1,2,...,n.
t,s€A

Let Z be the Banach space in which the controls take values. We assume that
£) fi - [0,1] x Xy x...x X, x Z— X, is a continuous map, : = 1,...,n;

V) the feedback multivalued map V : [0,1] x X; x ... X X,,—oZ has compact values,is
u.s.c. and sends bounded sets into bounded sets.

F1) Fi(t,z1,...,2,) := fi(t,z1,. .., Tn, V(t,1,...,2,)) is convex for every (t,z1,...,%5)

el0, ] x Xy x...x X, i=1,...,n;

F2) Fi(t,z1,...,2,) C W; for every (¢,zy,...,2,) € [0,1] x X; x ... x X,,, where W; is a
weakly compact, convex subset of X, ¢ =1,... n;

[3) there exists an (n X n)-matrix M with non-negative components (m;;) such that

X:(Fi(t, D1, ..., D2)) <Y myx;(D;) for every t € [0,1] and bounded D; C X;.
7=1

Let us observe that from conditions f), V), F1) and F2) it follows that the multivalued maps
F., i=1,...,n, are us.c. and that for any functions y; € C([0,1], X;), ¢ = 1,...,n, the

sets of integrable selections Sg. () ) are nonempty. Now, let M = (mi;)i;=, be the
matrix given in F3) and D be an n x n diagonal matrix with the coefficients é;,...,6, of

the condition Ul) on the diagonal. Assume



N) The zero solution of the n-dimensional linear system z’(¢) = (M — D)z(t) is exponen-
tially stable.

We will consider mild solutions of problem (1)-(2), i.e. vectors (y1,.-.,¥n,u) € C([0,1], X1)x
.x C([0,1], X)) x L*=([0,1], Z) such that
(t) = Uit, 0020+ [ Uity )55, (5)s - () u(s)) ds

t=1,...,n and u(s) € V(s,y1(s),...,ya(s)).
Let us consider the multioperator I' : X x Y —oY defined as

_f(JZ Z-/) = I_ﬂ(wl,'“ x'rnylv'-'vyn) =

={yeY :y{t)=U t0x1+/ i(t,8)gi(s) ds, 9:()651«"(3;1() A0t

By the Filippov’s implicit function lemma (see e.g. [1]) it follows that for any = € X the set
S(z)y={yeY : yel(z,y)} coincides with the set of mild solutions  (y:1(¢),...,ya(t)),

€ [0,1], of system (1) with initial condition = = (z1,...,2,). Following the methods of
[3] one can prove that the multioperator I' is closed. Now, let us define in the spaces

C([0,1], X;), 1 =1,...,n, the following measure of non-compactness
¢i(D) = sup xi(D(t)e™™)
tef0,1)

where D(t) = {y(t) : y € D}, m =max{m,;;, ] <i<n,1<j<n} andr >n isa fixed
number. Let

Py (Q) = max ¢;(€0;), where ; = Projy. (), R C Y.

1<t<n
It results that ¥y is a monotone, non-singular measure of non-compactness. We have the
following Lemma.

Lemma 2.1 The multioperator [’ is iy -condensing in the second variable.

As a consequence of N) the linear operator B = e™M~? : R® — R™ has the spectral radius
less than 1. Let [ be such that || B'|| < ¢', where ¢ < 1. Let x : 2¥ — (R%},>) be a
vector valued measure of non-compactness in X, defined as x(2) = {x1(21), -e--s Xa(2n) } .
Then ¥x () : 2X — R, defined as "

Yx(2) = X+ I B [+ + 1B x(@) ]

is a monotone, non-singular measure of non-compactness in X . Consider now the multiop-

erator G : X x Y—oX defined as
é(l‘,y) = 7(])_K7

and the map T : X—o0X given by T(z) = G(z,S(z)). Following [2], we can state next

Lemma.



Lemma 2.2 The multivalued map T is )y -condensing.

Furthermore, there exists a ball centered at the origin with radius r, B(0,7) C X, such that
the multivalued operator T satisfies the following condition: if Az € T(z), with =z € 9B(0,r)
and A € R, then A <1 (called property “P”). In fact, the next Lemma holds.

Lemma 2.3 The multivalued map T satisfies the condition T(dB(0,r)) C B(0,r).

Finally, we can prove the following result.

Theorem 2.1 Assume A), Ul), U2), f), V), F1)-F3) and N) then there exists a mild
solution y(t),t € [0,1], of the nonlinear boundary value control problem (1)-(2).

The proof consists in verifying, by using the previous lemmas and the topological properties
of the sets S(x) (see [2],[5]), that all the assumptions of the following existence result are

satisfied.

(Theorem 2.3 of [4]) Let X,Y be Banach spaces and let x and vy be monotone non-
singular measures of non-compactness in X and Y respectively. Let T : X x Y —oY be a
closed multivalued map 1y -condensing in the second variable and let G : X x Y —0X be an
admissible multivalued map. Let us suppose that for every z € X the set S(z)={y e Y :
v € T(z,y)} is nonempty and acyelic. Let the multivalued map T : B(0,7) ¢ X—oX,
defined by T(z) = G(z,S(z)), be tx-condensing and satisfying the property “P” on the
boundary 0B(0,7). Then the system of inclusions

y €
xr €
has a solution.

Remark 2.1. If £ = {0} then we have solved the periodic problem y(0) = y(1).

"l

(z,¥)
(z,y)

Q)
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