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The aim of this note gives a generalization of the degree theory for single
valued G-A-proper mappings of [47] and a degree theory for multivalued G-A-
proper mappings. Let (X,Y) be a pair of separable Banach spaces with given
* approximation scheme {X,, Y., Q.} ([2] Section2). Let D be an open bounded subset
of X.

Definition1 A convex valued mapping T. D-»2Y is said to be Generalized A-
proper (i. e. G-A-proper) with respect to {X,,Y., Q.  if

(i) 7. D,~2¥* i8 an u. 8. c. mapping with compact values for all n €N, where
D.,=DNX, and T,=Q.T|4.

(ii) For any sequence {x.,|Xn, € Xn,}, B;—c0, T satisfies

a) M x,,€9D,=4D N X», and 2., € Tx,(Xs,) such that || z,, - Q. y||-—>0 for some y&
Y. Then exists a x C9D such that y & Tx;

b) If X, € Dn,=DNXa, and 2., €T, (Xs,) such that |z, —Q.y||->0 for some
YEY. Then exists a x€ [ such that yETx.

Definition2 T: p->2Y is said to be “p point” G- A-proper with respect to { X,,
Y., Q.} if T satisfies Definition 1 (i) and (ii) at piont p.

Definition3 Let T: D—2" be G-A-proper and p be a point such that p& T(5D).
We define deg(T, D, p) the degree of T on D over p with respect to a given scheme,
as follows. Let Z be the set of all integers together with {+oco} and { -co}. Then

deg (T, D, p) = {VE/Z\E there exists an infinit sequence {n;} of positive integers with
n,~>oco such that deg (T»,, Dr,, Qn, p)—>7 }, Where deg (Tn,, Ds,, Qu,p) is the degree
defined by Cellina and Lasotal17].

Theorem 1 Let D be an open bounded subset of X and let T: p—27 be G-A-
proper with respect to a given approximation scheme, with ||Q, |<M for all n. Let
p¢T(GD). Then the following results hold.
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(1) If deg(T, D, p)={0}, then there exists an element x ¢ D such that pcT(x).

(ii) Let H: Dx[0, 11— 2" be a mapping such that H,=H(.,1) is a family of
G- A-propet mappings if

@) Tu D.%x[0,1]—>2"" is an u.s.c. mapping.

(b) If exist {n;}, {x.,} and {¢;}<[0,1] with n;—>c0 as j—>oo, t;—>t,c[ 0, 117,
Xn, € 0D», and Qu,p € Qu,H:,(x;), then we get x oD such that pCH(x,t,),

(¢) p¢H (D XL[0,1]).

Then deg(H,, D,p) is independent of ¢t in [0, 1].

(iii) Let D=p,UD,, D;ND,=@. Put D’ =dD, |JdD; and suppose that p¢
T(D’). Then

deg(T, D, p) =deg(T, D;, p) +deg(T, D, D),
with equality holding if either deg(T, D;,p)or deg (T, D,, p) is a singleton,

(iv) If p is symmetric about the origin in X and T is a mapping, odd on 4D,
then deg(T, D, 0) is odd so that the equation 0 €7 (x) has a solution in D.

(v) Let T, S: D—>2" be G-A-proper mappings, such that T (x) =S§(x) for alil
X€4D. Let p€y be a point such that p¢ T (D) = S(dD). Then deg(T, D,p) = deg(s,
D.p.

Definition 4 A mapping 7:X-—>2¥* is said to satisfy condition(x) at point p¢
X* if for any sequence {X»,}, X, € Dn,CXn, and 'y, €70, (X,,) such that |z's, ~ Qu,P|
-0, n;—>o0, then {{z,,11}, z'»,= Qu,7s, are uniformly bounded with respect to n;,

Theorem 2 Let T: X—>2x* be mapping of typs (M) ([3]) and (X, X*) be a
pair of reflexive separable Banach spaces that has given approximation scheme {X,,
Y,, Q.}. Let D be an open bounded subset of X and D be weakly closed. If pcXx*\
T(8D) and T satisfies the condition (») at point p, then T is either G-A-proper
mappings at point p or the equation Tx=p must have a solution in D.

Theorem 3 Let a mapping T: X—>2x* be of type (M) and (X, X*) be a pair of
reflexive separable Banach spaces that has given approximation scheme {X,, Y,, Q.}.
If B0, R) =X, 0EX*\T(B(0,R)) and T is odd on gp. In addition, T satisfies con-
dition(#) at point 0. Then the equation Tx=o has a solution in B (o, R).
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