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Abstract. From fixed point theorems recently due to the first au-

thor, we establish the Leray-Schauder principles for condensing mul-

timaps which are continuous, acyclic, or approximable. We apply
these principles to the Schaefer type theorems, the Birkhoff-Kellogg

type theorems, fixed point theorems for non-selfmaps, and a solu-

tion of a quasi-equilibrium problem.

0. Introduction

The study of acyclic multimaps or other non-convex valued upper
semicontinuous multimaps in algebraic topology has long history. One
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of the remarkable contributions to this field is O’Neill’s work [O] on
continuous multimaps. On the other hand, recently, Ben-El-Mechaiekh
et al. [BD1-3, BI, BC] have studied other types of non-convex valued
multimaps called approachable or approximable.

In [BI], Ben-El-Mechaiekh and Idzik gave a proof of a Leray-Schauder
type theorem for compact approximable multimaps using a matching
theorem of Ky Fan on closed covers of convex sets. Subsequently, the
present author [P5] gave a Schöneberg type proof of the theorem of
[BI] and applied it to obtain a Schaefer type theorem, the Birkhoff-
Kellogg type theorems, a Penot type theorem for non-selfmaps, and
quasi-variational inequalities, all related to compact closed approx-
imable multimaps.

In the present paper, we are concerned with acyclic multimaps,
O’Neill maps, and approximable multimaps defined on a class of closed
convex subsets of topological vector spaces not necessarily locally con-
vex. Our aim is to establish the Leray-Schauder type principles from
fixed point theorems for condensing multimaps and to extend the re-
sults in [P5] to noncompact cases. We apply these principles to the
Schaefer type theorems, the Birkhoff-Kellogg type theorems, fixed point
theorems for non-selfmaps, and a quasi-equilibrium problem, all related
to condensing multimaps of the above mentioned type.

Our arguments are based on a general Schauder type fixed point
theorem for compact multimaps in the class B of “better” admissible
maps (see Park [P6,7,9]) defined on admissible convex subsets of a
topological vector space.

1. Preliminaries

A t.v.s. means a Hausdorff topological vector space. Int, Bd, ,
and co denote the interior, boundary, closure, and convex hull, respec-
tively.

For subsets X and Y of t.v.s. E and F , respectively, a multimap
or, simply a map T : X ( Y is a function from X into the power set
of Y with nonempty compact values. Note that y ∈ Tx is equivalent
to x ∈ T−y and, for B ⊂ Y , T−(B) := {x ∈ X : Tx ∩ B 6= ∅}. For
U ⊂ X, BdXU denote the boundary of U in X.

A map T : X ( Y is said to be upper semicontinuous (u.s.c.) if
T−(B) is closed for each closed B ⊂ Y ; lower semicontinuous (l.s.c.)
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if T−(B) is open for each open B ⊂ Y ; continuous if it is u.s.c. and
l.s.c.; closed if it has the closed graph Gr(T ) ⊂ X × Y ; and compact if
its range T (X) is contained in a compact subset of Y .

Recall that a nonempty topological space is acyclic if all of its re-
duced Čech homology groups over rationals vanish. A map T : X ( Y
is said to be acyclic if it is u.s.c. with acyclic values; and called an
O’Neill map [O] if it is continuous and has values of one or m acyclic
components, where m is fixed.

Given two open neighborhoods U and V of the origins in E and F ,
respectively, a (U, V )-approximative continuous selection of T : X ( Y
is a continuous function s : X → Y satisfying

s(x) ∈ (T [(x + U) ∩ X] + V ) ∩ Y for every x ∈ X.

A map T : X ( Y is said to be approximable if its restriction T |K to
any compact subset K of X admits a (U, V )-approximative continuous
selection for every U and V as above; see [BI].

For examples of approximable maps, see [BD1-3, BI, BC].
Let E be a t.v.s. and C a lattice with a least element, which is

denoted by 0. A function Φ : 2E → C is called a measure of non-
compactness on E provided that the following conditions hold for any
X,Y ∈ 2E :
(1) Φ(X) = 0 if and only if X is relatively compact;
(2) Φ(coX) = Φ(X); and
(3) Φ(X ∪ Y ) = max{Φ(X),Φ(Y )}.
It follows that X ⊂ Y implies Φ(X) ≤ Φ(Y ).
The above notion is a generalization of the set-measure γ and the

ball-measure χ of noncompactness defined either in terms of a family
of seminorms or a norm. For details, see [PF1,2].

For D ⊂ E, a map T : D ( E is said to be Φ-condensing provided
that if X ⊂ D and Φ(X) ≤ Φ(T (X)), then X is relatively compact;
that is, Φ(X) = 0.

From now on, we assume that Φ is a measure of noncompactness on
the given t.v.s. E if necessary.

Note that any map defined on a compact set or any compact map
is Φ−condensing. Especially, if E is locally convex, then a compact
map T : D ( E is γ- or χ-condensing whenever D is complete or E is
quasi-complete.
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2. A new fixed point theorem

In this section, we introduce a general Schauder type fixed point
theorem on admissible maps defined on admissible convex subsets of a
t.v.s..

A nonempty subset X of a t.v.s. E is said to be admissible (in the
sense of Klee [K]) provided that, for every compact subset K of X and
every neighborhood V of the origin 0 of E, there exists a continuous
map h : K → X such that x − h(x) ∈ V for all x ∈ K and h(K) is
contained in a finite dimensional subspace L of E.

Note that every nonempty convex subset of a locally convex t.v.s.
is admissible; see Nagumo [N]. Other examples of admissible t.v.s. are
lp, Lp, the Hardy spaces Hp for 0 < p < 1, the space S(0, 1) of equiv-
alence classes of measurable functions on [0, 1], and others. Moreover,
any locally convex subset of an F -normable t.v.s. and any compact
convex locally convex subset of a t.v.s. is admissible. Note that an
example of a nonadmissible nonconvex compact subset of the Hilbert
space l2 is known. For details, see Klee [K], Hadžić [H], Weber [W1,2],
and references therein.

Let X be a nonempty convex subset of a t.v.s. E and Y a topological
space. A polytope P in X is any convex hull of a nonempty finite subset
of X; or a nonempty compact convex subset of X contained in a finite
dimensional subspace of E.

We define the “better” admissible class B of multimaps as follows:

F ∈ B(X,Y ) ⇐⇒ F : X ( Y is a map such that for any polytope
P in X and any continuous map f : F (P ) → P, f(F |P ) : P ( P has
a fixed point.

The following fixed point theorem was due to recently by the author
[P7,9]:

Theorem A. Let E be a t.v.s. and X an admissible convex subset
of E. Then any closed compact map T ∈ B(X,X) has a fixed point.

In [P7,9], it was shown that our new theorem subsumes more than
sixty known or possible particular forms, and generalizes them in terms
of the involving spaces and the multimaps as well.
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In this paper, an AOA map means any of acyclic maps, O’Neill
maps, or u.s.c. approximable maps. It is known that any AOA map
belongs to the class B. For other examples of maps in B, see [P6,7,9].

Our basic tool is the following:

Theorem B. Let X be an admissible convex subset of a t.v.s. E
and T : X ( X an AOA map. If T is compact, then T has a fixed
point.

In case E is locally convex, Theorem B was first due to Park [P1-3,
PSW] for acyclic maps, to Park [P4,5] for approximable maps, and
Theorem B for O’Neill maps was recently obtained by Park [P6].

3. The Leray-Schauder type principles

In this section, we deduce a Leray-Schauder principle by the method
of Schöneberg [Sö]. From the main result, we obtain Leray-Schauder
type fixed point theorems or the Leray-Schauder alternatives.

The following is known by many authors; for example, see Mehta,
Tan, and Yuan [MTY, Lemma 1].

Lemma. Let D be a nonempty closed convex subset of a t.v.s. E
and T : D ( D a Φ-condensing map. Then there exists a nonempty
compact convex subset K of D such that T (K) ⊂ K.

Note that even if D is admissible, we can not say that K is admissible
in E. Therefore, we need the following concept:

A nonempty subset D of a t.v.s. E is said to be q-admissible if any
nonempty compact convex subset K of D is admissible.

We give some examples of q-admissible sets as follows:

(1) Any nonempty locally convex subset of a t.v.s.
(2) Any nonempty subset of a locally convex t.v.s.
(3) Any nonempty subset of a t.v.s. E on which its topological dual

E∗ separates point. Note that any compact convex subset of such a
space E is affinely embeddable in a locally convex t.v.s.; see [W2].

It should be noted that an admissible t.v.s. (in the sense of Klee
[K]) and a q-admissible t.v.s. can be also defined.

From Theorem B and Lemma, we have the following:
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Theorem 1. Let D be a q-admissible closed convex subset of a
t.v.s. E and T : D ( D a Φ-condensing AOA map. Then T has a

fixed point.

Proof. By Lemma, there is a compact convex subset K of D such
that T (K) ⊂ K. Since D is q-admissible, K is admissible. Moreover,
T |K is an AOA map and compact, and hence has a fixed point by
Theorem B.

From Theorem 1, we deduce the following Leray-Schauder type prin-
ciple by the method of Schöneberg [Sö]:

Theorem 2. Let X be a q-admissible closed convex subset of a
t.v.s. E such that 0 ∈ X, U ⊂ X an open neighborhood of 0 (in X),
and H : [0, 1] ×U ( X an AOA map. Suppose that

(1) x /∈ H(t, x) for t ∈ [0, 1] and x ∈ BdXU ;

(2) λx /∈ H(1, x) for λ > 1 and x ∈ BdXU ; and

(3) Q ⊂ U and Φ(Q) ≤ Φ(H([0, 1] × Q)) imply that Q is relatively

compact.

Then there exists an x ∈ U such that x ∈ H(0, x).

Proof. Let R ⊂ X be defined by

R := {x ∈ U : x ∈ H(t, x) for some t ∈ [0, 1]}
∪ {x ∈ U : x ∈ tH(1, x) for some t ∈ [0, 1]}.

Then R 6= ∅ (since 0 ∈ R) and R is compact (since H is u.s.c. and
R ⊂ co({0} ∪ H([0, 1] × R)). Note that R ∩ BdXU = ∅ (by (1) and
(2)). Since X is completely regular, there exists a continuous function
r : X → [0, 1] such that r(x) = 0 for x ∈ R and r(x) = 1 for x ∈ BdXU .
Now define a map G : X ( X by

Gx :=





H(2r(x), x), r(x) ≤ 1
2 and x ∈ U,

2(1 − r(x))H(1, x), r(x) ≥ 1
2 and x ∈ U,

{0}, x /∈ U.
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If H is u.s.c., then G is u.s.c. since r is continuous and r(x) = 1
for x ∈ BdXU . Moreover, if H is acyclic, so is G. Further, if H is an
O’Neill map then so is G.

We show that if H is approximable, then G is also approximable.
In fact, let K be a compact subset of X and V1, V2 two open convex
neighborhoods of 0 in E. Note that, for any ε > 0, V ′

1 := (−ε, ε)×V1 is
an open convex neighborhood of R×E. Since H is approximable, there
exists a (V ′

1 , V2)-approximate continuous selection h : [0, 1]×(K∩U ) →
X of H|[0,1]×(K∩U) satisfying

h(t, x) ∈ (H[((t, x) + V1
′) ∩ ([0, 1] × (K ∩ U))] + V2) ∩ X

for (t, x) ∈ [0, 1]× (K ∩ U). Define g : K → X by

g(x) :=





h(2r(x), x), r(x) ≤ 1
2 and x ∈ K ∩ U,

2(1 − r(x))h(1, x), r(x) ≥ 1
2 and x ∈ K ∩ U,

{0}, x /∈ K ∩ U.

Then g is continuous and it can be checked that

g(x) ∈ (G[(x + V1) ∩ K] + V2) ∩ X for x ∈ K.

This shows that G is approximable.
Moreover, G is Φ-condensing. In fact, let Q ⊂ X such that Φ(Q) ≤

Φ(G(Q)). From the definition of G, we have

G(Q) ⊂ co({0} ∪ H([0, 1] × (Q ∩ U))).

If Q ∩ U = ∅, then Φ(Q) ≤ Φ(G(Q)) ≤ Φ({0}) = 0 and hence Q is
relatively compact. If Q ∩ U 6= ∅, then we have

Φ(Q ∩ U ) ≤ Φ(Q) ≤ Φ(G(Q))

≤ Φ(co({0} ∪ H([0, 1] × (Q ∩ U))))

≤ Φ(H([0, 1] × (Q ∩ U )))

and hence Q∩U is relatively compact by (3). Therefore H([0, 1]×(Q∩
U)) is relatively compact (for H is u.s.c. and compact-valued), whence

Φ(Q) ≤ Φ(H([0, 1] × (Q ∩ U ))) = 0;
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that is, Q is relatively compact.
Since G is a Φ-condensing AOA map, it has a fixed point x0 ∈ X

by Theorem 1. Note that x0 ∈ Gx0 implies x0 ∈ R and r(x0) = 0.
Therefore, x0 ∈ U and x0 ∈ H(0, x0). This completes our proof.

The origin of Theorem 2 goes back to Leray and Schauder [LS].
Particular forms of Theorem 2 for a locally convex t.v.s. E are due
to Browder [Br] and Potter [Pt] for single-valued maps, to Fitzpatrick
and Petryshyn [FP1] for convex-valued maps, and to Schöneberg [Sö]
for acyclic maps.

From Theorem 2, we have the following Leray-Schauder type fixed
point theorem:

Theorem 3. Let X be a q-admissible closed convex subset of a
t.v.s. E such that 0 ∈ X, U ⊂ X an open neighborhood of 0 (in X),
and T : U ( X an AOA map. If T is Φ-condensing, then either
(1) T has a fixed point; or
(2) λx ∈ Tx for some λ > 1 and x ∈ BdXU .

Proof. We use Theorem 2 with H(t, x) = Tx for t ∈ [0, 1] and x ∈ U .
Suppose that (2) does not hold. If there exists an x0 ∈ BdXU such
that x0 ∈ Tx0, then we have done. If there is no x0 ∈ BdXU satisfying
x0 ∈ Tx0, then all of the requirements of Theorem 2 are satisfied.
Therefore, there exists an x0 ∈ U such that x0 ∈ Tx0. This completes
our proof.

There have appeared many particular forms of Theorem 3 in history
even for a locally convex t.v.s. E. A few of them can be seen in
Petryshyn [Pe2], Reich [R1-4], Gatica and Kirk [GK1,2], Fitzpatrick
and Petryshyn [FP1,2], Martelli [Mr], and Lin [Ln].

The following is a particular form of Theorem 3:

Theorem 4. Let D be a closed subset of a q-admissible t.v.s. E
such that 0 ∈ IntD, and T : D ( E an AOA map. If T is Φ-
condensing, then
(1) T has a fixed point; or
(2) λx ∈ Tx for some λ > 1 and x ∈ Bd D.
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Proof. Use Theorem 3 with X = E and U = IntD.

For a locally convex t.v.s. E, Theorem 4 for compact approximable
maps was given first by Ben-El-Mechaiekh and Idzik [BI], and for
Φ-condensing approximable maps by Ben-El-Mechaiekh, Chebbi, and
Florenzano [BC].

Theorem 4 for acyclic maps includes many known results; for ex-
ample, Petryshyn [Pe2], Furi and Martelli [FM], Martelli [Mr], Reich
[R3,4], and Ben-El-Mechaiekh [Be]. As we noted earlier in [P5], Theo-
rem 4 works for star-shaped or shrinkable sets D.

4. The Schaefer type theorems

From our Leray-Schauder type principle, we obtain the following
Schaefer type theorem:

Theorem 5. Let E be a q-admissible t.v.s. and T : E ( E an
AOA map. If T is Φ-condensing, then either
(1) for each λ ∈ (0, 1), there exists an x ∈ E such that x ∈ λTx; or
(2) the set A := {x ∈ E : x ∈ µTx for some µ ∈ (0, 1)} is not

bounded.

Proof. Let λ ∈ (0, 1) and S := λT defined by Sx = λTx for x ∈ E.
Suppose that A is bounded. Then for any open convex neighborhood
V of 0, there exists an r > 0 such that U := rV ⊃ A. Define H :
[0, 1] × U ( E by

H(t, x) = (1 − t)Sx for t ∈ [0, 1] and x ∈ U.

Now we apply Theorem 2 with X = E.
(1) x /∈ H(t, x) for t ∈ [0, 1] and x ∈ Bd U .
In fact, if x ∈ H(t, x) = (1 − t)Sx = λ(1 − t)Tx for some t ∈ [0, 1),

then λ(1− t) ∈ (0, 1) and x ∈ A ⊂ U . Since U is open, we should have
x /∈ Bd U . On the other hand, if x ∈ H(1, x) = {0}, then x /∈ BdU .

(2) For any x ∈ BdU ,

H(1, x) ∩ {µx : µ > 1} = {0} ∩ {µx : µ > 1} 6= ∅.
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(3) Suppose that X ⊂ U and Φ(X) ≤ Φ(H([0, 1] × X)). Then

Φ(X) ≤ Φ(H([0, 1] × X))

≤ Φ(
⋃

{tT (X) : t ∈ [0, 1]})
≤ Φ(co({0} ∪ T (X))) = Φ(T (X)).

Since T is Φ-condensing, X is relatively compact.
Note that, since T is an AOA map, so is H. Therefore, by Theorem

2, there exists an x ∈ U such that x ∈ H(0, x) = Sx = λTx. This
completes our proof.

For a locally convex t.v.s., particular forms of Theorem 5 were due to
Schaefer [Sc], Reich [R1,2], and Šeda [Se]. For a compact approximable
map, Theorem 5 was due to Park [P5].

As in the proof of Theorem 5, we have the following equivalent form
of Theorem 5. However, we can give another proof using Theorem 3.

Theorem 6. Let E be a q-admissible t.v.s. and T : E ( E an
AOA map. If T is Φ-condensing, then either

(1) T has a fixed point; or

(2) the set A = {x ∈ E : x ∈ tTx for some t ∈ (0, 1)} is not bounded.

Proof. Suppose that A is bounded. Let D be a bounded neighbor-
hood of 0 such that A ⊂ IntD. Then no y ∈ BdD satisfies λy ∈ Ty
for any λ > 1. Therefore, by Theorem 3, T has a fixed point in D.

For a locally convex t.v.s. E, particular forms of Theorem 6 were
known by Martelli and Vignoli [MV], Martelli [Mr], Granas [Gr2], and
Park [P5].

5. The Birkhoff-Kellogg type theorems

As an application of Theorem 4, we have the following generalization
of the Birkhoff-Kellogg theorem [BK]:
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Theorem 7. Let D be a closed subset of a q-admissible t.v.s. E
such that 0 ∈ IntD and T : D ( E an AOA map such that λT (D) ∩
D = ∅ for some λ ∈ R. If T is Φ-condensing, then T |BdD has an

eigenvalue; that is, µx ∈ Tx for some µ 6= 0 and x ∈ Bd D.

Proof. Note that λ 6= 0 and λT : D ( E is an AOA map. Moreover,
λT is Φ-condensing. Further, λT has no fixed point. Therefore, by
Theorem 4, there exist x ∈ BdD and µ > 1 such that µx ∈ λTx,
whence we have (λ−1µ)x ∈ Tx, where λ−1µ 6= 0. This completes our
proof.

Remark. If λ > 0 in Theorem 7, then T |BdD has an invariant
direction (a positive eigenvalue); that is, µx ∈ Tx for some µ > 0 and
x ∈ Bd D. Note that Theorem 7 also holds for a compact map T when
E is locally convex; see [P5].

Theorem 8. Let S be the unit sphere of a normed vector space E
of infinite dimension, and T : S ( E an AOA map such that 0 /∈ T (S).
If T is compact, then T has an invariant direction.

Proof. Since E is infinite dimensional, by the Dugundji extension
theorem, there exists a retraction r : E → S such that r(x) = x/‖x‖ if
‖x‖ ≥ 1 and ‖r(x)‖ = 1 if ‖x‖ ≤ 1. Let T ′ = Tr : E ( E. Then T ′ is
also an AOA map. Moreover, T ′ is compact. Let B be the closed unit
ball. Then λT ′(B) ∩ B = ∅ for some λ > 0 since T ′(B) ⊂ T ′(S) and
0 /∈ T ′(S). Therefore, by Theorem 7 for compact maps with D = B,
T ′|S has a eigenvalue. Since λ > 0, this eigenvalue is positive. This
completes our proof.

Furi and Martelli [FM] and Martelli [Mr] obtained Theorem 8 for
acyclic maps with the aid of the Lefschetz theory. Martelli [Mr] noted
that Theorem 8 does not hold if T is condensing instead of compactness.
Moreover, Theorem 8 for approximable maps is due to Park [P5].

Theorem 8 reduces immediately to the following:
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Theorem 9. Let S be the unit sphere of a normed vector space E.
Then E is of infinite dimension if and only if any continuous compact
map f : S → S has a fixed point.

6. Fixed points of non-selfmaps

From Theorem 3, we have the following:

Theorem 10. Let X be a q-admissible closed convex subset of a
t.v.s. E such that 0 ∈ X, U ⊂ X an open convex neighborhood of 0
(in X), and T : U ( X an AOA map such that T (BdXU) ⊂ U . If T
is Φ-condensing, then T has a fixed point.

Proof. For each x ∈ BdXU , Tx ⊂ U implies Tx ∩ {λx : λ > 1} = ∅
since U is convex and 0 ∈ U . Now, the conclusion follows from Theorem
3.

From Theorems 1 and 3, we have the following:

Theorem 11. Let X be a q-admissible closed convex subset of a
t.v.s. E and T : X ( E an AOA map such that T (Bd X) ⊂ X. If T
is Φ-condensing, then the fixed point set of T in X is nonempty and
compact.

Proof. If IntX = ∅, then X = BdX and T : X ( X has a fixed
point by Theorem 1. If IntX 6= ∅, then we may assume 0 ∈ IntX.
Now for each x ∈ BdX, Tx ⊂ X implies Tx ∩ {λx : λ > 1} = ∅ since
X is shrinkable; that is, [0, 1)X ⊂ IntX. Therefore, by Theorem 3, T
has a fixed point.

For a locally convex t.v.s. E, particular forms of Theorems 10 and
11 were due to Knaster-Kuratowski-Mazurkiewicz [KKM], Rothe [Ro],
Eilenberg-Montgomery [EM], Granas [Gr1], Powers [Pw], Penot [P],
and Park [P5].

7. Quasi-equilibrium problems

From Theorem 11, we have the following solution of a quasi-equilibrium
problem:
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Theorem 12. Let X be a q-admissible closed convex subset of a
t.v.s. E, and f : X ×E → R an u.s.c. function. Let T : X ( E be an
u.s.c. Φ-condensing map such that T (BdX) ⊂ X. Suppose that

(i) the function M defined on X by

M(x) = sup
y∈T (x)

f(x, y) for x ∈ X

is l.s.c.; and
(ii) the map F : X ( E defined on X by

F (x) = {y ∈ T (x) : f(x, y) = M(x)} for x ∈ X

is acyclic-valued or approximable or l.s.c. with values for the
O’Neill maps.

Then there exists an x̂ ∈ X such that

x̂ ∈ T x̂ and f(x̂, x̂) = M(x̂).

Proof. Note that the marginal function M in (i) is actually con-
tinuous since f is u.s.c. and T is a compact-valued u.s.c. map, by
the well-known result of Berge [Br]. Now, each F (x) is nonempty and
compact. Moreover, F is a closed map. In fact, let (xα, yα) ∈ Gr(F ),
the graph of F , and (xα, yα) → (x, y) in X ×E. Then

f(x, y) ≥ lim
α

f(xα, yα) = lim
α

M(xα)

≥ lim
α

M(xα) ≥ M(x)

and, since Gr(T ) is closed in X × Y , yα ∈ T (xα) implies y ∈ T (x).
Hence (x, y) ∈ Gr(F ) ⊂ Gr(T ). Since T is u.s.c., so is F . Therefore,
F : X ( E is an AOA map satisfying F (Bd X) ⊂ T (Bd X) ⊂ X.
Moreover, F is also Φ-condensing. In fact, suppose that D ⊂ X and
Φ(D) ≤ Φ(F (D)). Then Φ(D) ≤ Φ(F (D)) ≤ Φ(T (D)). Since T is Φ-
condensing, we have Φ(D) = 0 and hence F is Φ-condensing. Hence,
by Theorem 11, F has a fixed point x̂ ∈ X; that is, x̂ ∈ T (x̂) and
f(x̂, x̂) = M(x̂). This completes our proof.
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Remark. If f = 0, then Theorem 12 reduces to Theorem 11. If
E is locally convex and T is compact and approximable, Theorem 12
reduces to Park [P5, Theorem 8]. Note that, from Theorem 12, we
can deduce a number of variational or variational-like inequalities as
in [P5, PC, PP].

8. Corrections of earlier works

The concept of q-admissible subsets of a t.v.s. is sufficient to correct
some of the earlier works of the first author [P7-9].

As in the proof of Theorem 1, we can deduce the following from
Theorem A:

Theorem C. Let X be a q-admissible closed convex subset of a
t.v.s. E. Then any closed Φ-condensing map F ∈ B(X,X) has a fixed
point.

This is a correct form of [P7, Theorem 3] and [P9, Corollary 2.1].
Similarly, we have to replace admissibility of X in [P9, Theorem 2 and
Corollary 2.2] and [P7, Theorem 4] by q-admissibility.

Moreover, in [P8, Theorem 1], clf(D) should be replaced by D. Fur-
ther, each of [P8, Theorems 2-4] can be slightly improved by replacing
the admissibility of K by that of D.
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[H] O. Hadžić, Fixed Point Theory in Topological Vector Spaces, Univ. of Novi

Sad, Novi Sad, 1984.

[K] V. Klee, Leray-Schauder theory without local convexity, Math. Ann. 141

(1960), 286–296.

[KKM] B. Knaster, C. Kuratowski, und S. Mazurkiewicz, Ein Beweis des Fix-
punktsatzes für n-dimensionale Simplexe, Fund. Math. 14 (1929), 132–

137.

[LS] J. Leray and J. Schauder, Topologie et équations fonctionnelles, Ann.
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