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This talk is based on the following condition as well as on the Lagrange multiplier rule
previously obtained by the authors:

Let X and Y be Banach spaces, p : X x Y — RU{+00} be a lower semi-continuous
function, L : Y — X be a bounded linear operator and

S:={(Ly,y) e X XY : yeY}

be its graph.

Definition It is said that ¢ satisfies the variational condition at (Z, 7y, ¢(Z,y)) with
correcting set U C X x Y x R iff there exists a positive real § > 0 such that for every
A € [0, 9] the following inclusion holds true:

epie N ((Z,7, f(Z,9)) + 6 - Bxxyxr) + A (Bx,0,0) C epig + AU.

Consider the optimization problem

(OP) o(x,y) — min subject to (x,y) € S,
where (S + (2,9)) x (—00, o(z,)]-

Theorem (Lagrange multiplier rule) Let in the above setting (Z, %) be a solution
of the problem (OP), the functional ¢ have finite value at (Z,y) and satisfy the variational
condition with a correcting set U (having the appearance U = (Ux, Uy, Ug)). Let U be
bounded and p (Ux — T(Uy)) < 1 where p denotes the ball measure of noncompactness
(in X).

Then there exists a triple (&, u, () € X* X Y* x R such that

(i) (& n,¢) # (0,0,0);

(ii) ¢ €{0,1};

(iii)
)

~

(&, u) + (u,v) =0 for every (u,v) € S;
(€,u) + (p,v) 4+ Cw > 0 for every (u,v,w) € Tepi o(Z, 7, ¢((Z,9));

(iv



In this talk some applications of the above result are going to be presented. They
include:

e necessary optimality conditions for optimal control problems whose dynamics is
governed by a differential inclusion in the presence of pure state constraints of “inequality
type”;

e necessary optimality conditions for optimal control problems whose dynamics is
governed by a differential inclusion in the presence of “soft” state constraints.



