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Some fixed point theorems for product spaces

By SHIH-SEN CHANG (Sichuan), NAN-JING HUANG (Sichuan)
and YEOL JE CHO (Jinju)

Abstract. Let (X,F,T) be a complete probabilistic metric space, Y be a space
having the fixed point property and f: X XY — X X Y be a continuous mapping. In
this paper, we prove some fixed point theorems for f which satisfies some conditions in
the first variable. The results presented in this paper generalize and develop the fixed
point theory on product spaces and probabilistic metric spaces.

1. Introduction

It is well known that the theory of probabilistic metric spaces is a new
frontier branch between probability theory and functional analysis and has
an important practical back-ground, which contains the ordinary metric
spaces as a special case. The fixed point theory in probabilistic metric
spaces has been extensively developed in the last thirty years [1]-[6], [8],
[11], [15], [17], [19], [20]. On the other hand, the existence of fixed points
in product spaces has been studied by some authors [7], [9], [10], [13], [14],
[16]. Let (X, F,T) be a T-complete probabilistic metric space and Y be a
space having the fixed point property, f : X XY — X xY be a continuous
mapping.

In this paper, we prove some fixed point theorems for f which satisfies
some conditions in the first variable. Our main results generalize and
develope the fixed point theory on product spaces and probabilistic metric
spaces.

Mathematics Subject Classification: 54H25.
Key words and phrases: Probabilistic metric spaces, uniform spaces, product spaces,
fixed points, fixed point property.



300 Shih-sen Chang, Nan-jing Huang and Yeol Je Cho

2. Preliminaries

Throughout this paper, let R = (—o0, +00) and RT = [0, +00).

Definition 2.1. A mapping F : R — R™T is called a distribution func-
tion if it is nondecreasing and left-continuous with inf F(t) = 0 and
sup F(t) = 1.

In what follows we always denote by D the set of all distribution
functions and by H the specific distribution function defined by

0, ift<0,
H(t) = .
1, ift>0.

Definition 2.2. A probabilistic metric space (briefly, PM-space) is an
ordered pair (X, F), where X is a nonempty set and F is a mapping from
X x X into D. We shall denote the distribution function F(z,y) by Fj ,
and F ,(t) will represent the value of F, , at t € R. The function F} , is
assumed to satisfy the following conditions:

(PM-1)  Fy,(t) =1 for all t > 0 if and only if z =y,

(PM-2)  F,,(0) =0,

(PM-3)  Fyp,(t) = F, .(t) for all t € R,

(PM-4) if F, ,(t1) =1 and F} .(t2) = 1, then F, .(t; +t2) = 1.

Definition 2.3. A mapping T : [0,1] x [0,1] — [0, 1] is called a t-norm
if it is satisfied the following conditions:

Definition 2.4. A Menger PM-space is a triplet (X,F,T), where
(X,F) is a PM-space and T is a t-norm satisfying the following trian-
gle inequality:

Foo(ty +t2) 2 T(Fey(ta), Fy 2 (t2))

for all x,y,z € X and t1,t2 > 0.

SCHWEIZER, SKLAR and THORP [18] have proved that if (X, F,T) is
a Menger PM-space and the t-norm T satisfies sup,.; T'(¢,t) = 1, then
(X,U) is a Hausdorff uniform space with the uniformity ¢/ induced by the
family of subsets

Ur={(z,y) e X x X : Fyy(e) >1 =X}, €A>0,
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and therefore, the (X, F,T) is a Hausdorff space in the topology 7" induced
by the family of neighborhoods:

{Up(e, ) :pe X,e>0,\> 0},
where

Up(e,\) =Ucalpl ={r € X : Fyp(e) >1— A}

Furthermore, the uniformity ¢ is metrizable.

Let X,Y be two topological spaces and f : X XY — X XY be a
mapping. In what follows p; : X x Y — X will denote the first projection
mapping defined by p1(z,y) = = and, for any (x,y) € X x Y,

)@ y) ==z, () =pif((pr /)" Nz y)y), n=12....

Definition 2.5. Let (X,U) be a Hausdorff uniform space, Y be a topo-
logical space and f : X x X — X xY be a continuous mapping. f is called
to have the property C.U. at x¢ in X if, for any y in Y, there exists a neigh-
bourhood V' (y) of y such that for any U € U, there exists a positive integer
N = N(y,U) such that

((plf)n(x();b)a (plf)m(x();b)) eU
for all b € V(y) and n,m > N.

Lemma 2.1. [9] Let (X,U) be a complete Hausdorff uniform space
and Y be a space having the fixed point property. If the mapping f :
X xY — X xY has the property C.U. at xg in X, then f has a fixed
point in X X Y.

The following lemma can be obtained from Theorem 24 in [12] imme-
diately.

Lemma 2.2. Let (X,F,T) be a Menger PM-space with
sup;; T'(t,t) = 1. Then (X,F,T) is T-complete if and only if (X,U) is
U- complete, where U is the uniformity induced by the family of subsets
Ue .
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3. Main Results

Now, we are ready to give our main theorems.

Theorem 3.1. Let (X, F,T) be a T-complete Menger PM-space with
sup;,.; T'(t,t) = 1, Y be a space having the fixed point property and f :
X xY — X xY be a continuous mapping. Suppose that there exists a
point xy in X such that for any y in Y, there exists a neighbourhood V (y)
of y such that

(1) for any A > 0, there exists ty > 0 such that
(3.1) (et o, Feorf) > 1 -2
for allb e V(y) and t > ty,

(2) for any b € V(y),x, 2z € {(p1f)"(w0,b)}2, and t > 0, the following
condition holds

Fplf(l’,b),plf(z,b) (t) > min{FﬂU,Z(q)y<t))a Fm,p1f(ac,b) (q)y(t))a

Foopy £z (Py (1)},

where @, : RT — R" is a nondecreasing function such that
lim;_,oo @Y (t) = 400 for all t > 0 and @}, represents the i-th iteration of
D,.

Then f has a fixed point in X x Y.

(3.2)

Proor. For all bin V(y), let
(33) S :Si(b) = (p1f>i($0,b), i:0,1,2,....

It follows from (3.2) and (3.3) that for any non-negative integers i, k, b €
V(y) and t > 0,

Fsia3i+k (t) = Fp1f(51717b)7p1f(81:+k_1,b) (t)
> min{Fsi—hSH»kfl (Dy(1)), Fs, .5, (Py(2)),
(3.4) FSz‘flySH—k ((I)y (t))}

v

> inf  Fyy (P ().

z€{s; }Joio

Let (X,U) be a Hausdorff uniform space with the uniformity ¢ induced by
the family of subsets Uc ». For any U € U, there exists €, A\ > 0 such that
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Uex C U. Since lim;_, QDZ (t) = o0 for all £ > 0, there exists a positive
integer N = N(y,U) such that

(3.5) D! (e) <tx, i>N.
From (3.1), (3.3), (3.4) and (3.5), we have
F5i55i+k (6) > inf Fxo,z(q);(ﬁ))

z€{s;}52,

Z inf Fxo’z(t,\)
z€{s; };Czo

>1-—A

for all i > N, b € V(y) and kK = 0,1,2,..., This implies that for any
positive integers n,m > N,

((prf)"(x0,0), (P1.f)" (20,D)) = (Sn,5m) € Uex CU

for all b € V(y). Hence f has the property C.U. at z¢ in X. It follows from
Lemmas 2.1 and 2.2 that f has a fixed point in X x Y. This completes
the proof.

Theorem 3.2. Let (X,F,T) be a complete Menger PM-space with
sup;.; T'(t,t) = 1, Y be a space having the fixed point property and f :
X XY — X xY be a continuous mapping. Suppose that there exists a
point xo in X such that for any y in Y, there exists a neighbourhood V (y)
of y such that for any b € V(y), z,2 € {(p1f)*(z0,b)}2, and t > 0, the
following implication holds:

(3.6) Fuo(t)>1—t

min
w,ve{x,z,p1 f(z,b),p1 f(2z,b)}
implies
Epy £y £(20) (g (1) > 1 =y (1),

where ¢, : Rt — R™ is a nondecreasing and semicontinuous function from
the right and ¢, (t) <t for all t > 0. Then f has a fixed point in X x Y.

PRrROOF. For any b in V(y), let
(3.7) s; = s;(b) = (p1f)"(x,b), i=0,1,2,....

Since 1+t > 1 for all ¢ > 0, we have that F, ,(1+1¢) >1— (1+1t) for all
z,y in X. It follows from (3.6) and (3.7) that

min Fo,(14+t)>1—-(1+1¢
u7U€{5i7Si+k7p1f(3i,b),p1f(8i+k,b)} ’LL,’U( ) ( )
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implies
F8i+1,81+k+1 (pr(l + t)) >1- (,Oy(l + t)

all i,k € {0,1,2,---}, bin V(y) and ¢ > 0, which means that

min F, . 1+¢t)>1-— 1+t
w,v€{8i,8i4+%,01f(5:,0),01f(Sixp,b)} (@y( )) SOy( )

for all i € {1,2,...}, k € {0,1,2,...}, b € V(y) and ¢ > 0. Continuing
this procedure, we have

min
u,€E{8,8i+k,P1f(84,0),01f(Si4k:b)}
foralli € {n—1,n,n+1,...},; k€ {0,1,2,...}, b € V(y) and t > 0, which
implies that

(3.8) Foisin(py(1+1)) > 1= @y(1+1)

forallie {n,n+1,...}, k€ {0,1,2,...}, b€ V(y) and t > 0.

Let (X,U) be a Hausdorff uniform space with the uniformity U in-
duced by the family of subsets U, x. For any U € U, there exist €, A\ > 0
such that Ucx C U. Since ¢, : RT — RT is a nondecreasing and semi-
continuous function form the right and ¢, (t) < ¢ for all ¢ > 0, we have
lim; _, o gp;(t) = 0 for all £ > 0. Hence, there exists a positive integer
N = N(y,U) such that

(3.9) @y, (1 +¢€) < min{e, A}

for all n > N. It follows from (3.8) and (3.9) that for all n > N and b in
V(y),

Fuolop ' (1+1) > 11—l (1+1)

Fyi 504 (€) > Fii 50y (‘PZ(l +€))
>1—py(1+e)
>1—A
fort =N,N+1,... and £k =0,1,2,..., which implies that for any positive
integers n,m > N,
((plf)n(x();b)a (plf)m(x();b)) = (Snvsm) € UE,)\ cU

for all b € V(y). Therefore, f has the property C.U. at xg in X. It follows
from Lemmas 2.1 and 2.2 that f has a fixed point in X xY . This completes
the proof.
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