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ABSTRACT. We study several uniformities on a function space
and show that the fuzzy topology associated with the fuzzy unifor-
mity of uniform convergence is jointly fuzzy continuous on Cy(X,Y) ,
the collection of all fuzzy continuous functions from a fuzzy topologi-
cal space X into a fuzzy uniform space Y. We define fuzzy uniformity
of uniform convergence on starplus-compacta and show that its corre-
sponding fuzzy topology is the starplus-compact open fuzzy topology.
Moreover, we introduce the notion of fuzzy equicontinuity and fuzzy
uniform equicontinuity on fuzzy subsets of a function space and study
their properties.
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1. INTRODUCTION

The notion of a uniform space was introduced by Andre Weil [18] in 1937.
The first systematic exposition of the theory of uniform spaces was given by
Bourbaki [4] in 1940. Weil elaborated the topology associated with a uni-
formity and proved that a topological space is uniformizable if and only if
it is completely regular. He extended the notion of uniform continuity and
uniform isomorphisms to the framework of uniform spaces and obtained the
uniform space version of Alexandroff-Uryshon metrization theorem that a uni-
form space is metrizable if and only if its uniformity has a countable base. The
concept of function space was evolved around the close of the nineteenth cen-
tury and the study of function spaces began with the work of Ascoli [3], Arzela
[2] and Hadamard [8]. The uniformity of pointwise convergence and uniform
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convergence were first defined and studied by Fox [7]. The term function space
is introduced much earlier in connection with questions of a topological na-
ture about sets of functions. The study of topologies on function spaces is an
active area of research and, besides their multifaceted applications, forms a
well-established and sound body of knowledge.

The study of useful fuzzy topologies and uniformities on function spaces, be-
sides their intrinsic interest, is important from applications viewpoint. The
first effort in this direction was made by Peng [17] in 1984. Subsequently,
Alderton [1] studied the problem from categorical viewpoint and utilized the
well-developed theory of cartesian closedness of monotopological categories to
the fuzzy topologies on a function space. Burton [6] defined analogues of the
uniformities of pointwise convergence and uniform convergence and obtained
conditions for completeness and compactness of fuzzy subsets of a function
space. Jager considered fuzzy uniform convergence and equicontinuity in [9].
In [13], we defined three different fuzzy topologies on a function space, which
are analogues of the topology of pointwise convergence, compact-open topology
and the topology of joint continuity in general topology.

In this paper, we elaborate on the pointwise fuzzy uniformity, fuzzy unifor-
mity of uniform convergence and fuzzy uniformity of uniform convergence on
starplus compacta and their associated fuzzy topologies on a function space. It
turns out that the fuzzy topology associated with the fuzzy uniformity of uni-
form convergence is jointly continuous; and that the fuzzy topology of uniform
convergence on starplus compacta is the starplus-compact open fuzzy topology
[13]. Further, we study the notion of fuzzy equicontinuity on fuzzy subsets of
a family of functions from a fts/fuzzy uniform space to a fuzzy uniform space.

2. PRELIMINARIES

Throughout the paper the closed unit interval [0, 1] will be denoted by I. The
symbols and Iy and I; will stand for the intervals (0, 1] and [0, 1), respectively.

Definition 2.1. For a fuzzyy set p in X, the set u® = {z € X : u(x) > o}
and po = {x € X : p(x) > a} are called the strong « -level set of p and the
weak a-level set of u , respectively. The set {x € X : u(x) > 0} is called the
support of u and is denoted by suppu .

Definition 2.2 ([13]). A fuzzy set p in a fts (X, 7) is said to be starplus-
compact if p* is compact in (X,iq (7)) for each oo € I1. The fts (X, 7) is said
to be starplus-compact if (X,i,(7)) is compact for each o € I.

Let X be a non-empty set and let (X, 7) be a fuzzy topological space. Let Y~
denote the collection of all functions from X into Y and let & be a nonempty
subset of Y X,

Definition 2.3 ([12]). For each x € X, let the map e, :  — Y be defined
by ex(f) = f(x). We call e, the evaluation map at x € X . The initial fuzzy
topology on S generated by the collection of maps {e, : © € X} is called the
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pointwise fuzzy topology on S and is denoted by 7,. The pair (3,7,) is
called the pointwise fuzzy function space.

The pointwise fuzzy topology on & concides with the subspace fuzzy topolology
it inherits as a subspace of the product fuzzy topology on Y X. .

Definition 2.4 ([13]). Let (X,7) and (Y,0) be fts and let S be a nonempty
subset of YX. For each starplus-compact fuzzy set k in X and each open fuzzy

set win'Y, define a fuzzy set k, on S by k, = N ez (n). The collection
TESUPPK
of all fuzzy sets k., where K is a starplus-compact fuzzy set in X and p is an

open fuzzy set in'Y, forms a subbase for a fuzzy topology ch on S called the
starplus-compact open fuzzy topology on S. The pair (S, ch) is referred
to as a starplus-compact open fuzzy function space.

x

Proposition 2.5 ([13]). The starplus-compact open fuzzy topology on < is
stronger than the pointwise fuzzy topology 1, on .

Theorem 2.6 ([13]). Let (X, 7x) be a topologically generated fts and let (Y, Ty)
be a fts. Then a fuzzy topology T is a starplus-compact open fuzzy topology on
if and only if io(T) = T& for each o € Iy, where TG denotes the compact open
topology on S and X is endowed with the topology io(Tx) and Y is equipped
with the topology in(Ty ).

Definition 2.7 ([13]). A fuzzy topology T on S such that the map ¢ : Ix X —
Y defined by ¢(f,x) = f(x) is fuzzy continuous, where S x X is endowed
with the product fuzzy topology, is called a jointly fuzzy continuous fuzzy
topology on S.

Theorem 2.8 ([13]). The fuzzy topology of joint fuzzy continuity is a good
extenston.

Definition 2.9 ([15]). A subset F C I* is called a prefilter if and only if
F # ¢, and
i) For all p,v € F we have p ANv € F.
it) If u>v andv € F, then p € F.
iii) 0 & F.
Definition 2.10 ([15]). A subset B C IX is a base for a prefilter if and
only if B # ¢, and
i) For all p,v € B there exists a & € B such that € < puAv.
i) 0¢ B.
Definition 2.11 ([15]). A prefilter generated by a prefilter base B is denoted
as (B) and (B) = {u € I* : there exists a v € B such that p > v}. If B is a
prefilter base, then B = {sup(B. — €) : (8c)eer, € B}.
ecly
Proposition 2.12 ([15]). If B is a prefilter base, then (B)= (B). We shall
denote by B the prefilter (B) = (B).
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Definition 2.13 ([15]). A prefilter F is called prime if p Vv € F implies
neF orvelF.

Definition 2.14 ([15]). If F is a prefilter on X, then we define the following:

P(F)={G : G is a prime prefilter and F C G} and Pp(F) ={G : G € P(F)

and G is minimal}.

Definition 2.15 ([15]). For a prefilter F the characteristic of F is defined by

c(F) = inff supv. For a prefilter F the lower characteristic of F is defined
ve

by€(F) = inf )c(g). If F is a prime, then ©(F) = c(F).

Definition 2.16 ([16]). If X is a set, p € I and v € I**X, then the section
of v over u is defined by v{u)(xz) = sup u(y) Av(y,z) for allz € X.
yeX

Definition 2.17 ([16]). If u, v € IX*X | then the composition pov is defined
by pov(x,y) =sup v(z,z) Au(z,y) for all (z,y) € X x X.
zeX

Definition 2.18 ([16]). If v € IX*X, then its symmetric ,v € IX*X s
defined by sv(z,y) = v(y, ) for all (z,y) € X x X.

Throughout this paper we follow the terminology and notions of a fuzzy uni-
formity as defined by Lowen [16].

Definition 2.19 ([16]). A fuzzy uniformity on X is a subset U C I**X |
which satisfies the following conditions:

1) U is a prefilter.

it) U =U, i.e., for every family (Ve)eer, € Ul = sup (ve —¢€) € U.

ecl

iti) For allv € U and for allz € X, v(z,z) = 1. o

i) For allv € U, yv € U.

v) For allv € U and for all e € Iy there exists v € U such that veove—e <

v.

The pair (X, U) is called a fuzzy uniform space.

Definition 2.20 ([16]). A subset B C I**X is called a base for a fuzzy
uniformity if and only if the following conditions hold:
i) B is a prefilter basis.
ii) For all B € B and for all x € X, f(x,z) = 1.
iii) For all B8 € B and for all € € Iy, there exists B € B such that B —
e< 8.
iv) For all B € B and for all € € Iy, there exists Be € B such that B o B —
e< f.

Definition 2.21. If U is a fuzzy uniformity on X then B C IX*X s a basis
for U iff B is a prefilter basis and B = U.

Proposition 2.22. If U is a fuzzy uniformity on X, then the family of sym-
metric fuzzy entourages ;U = {v € U: v =v} is a basis for U.
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Definition 2.23. Let (X,7) be a fts. Then the closure T of a fuzzy set p of
X is defined asp=inf{v:p<v, 1—ver}

Definition 2.24 ([14]). A fuzzy closure operator on a fts X is a map
~: IX — I which satisfies the following conditions:
i) @=a, foralla € I.
i) T >, for all p € IX.
i) pN v =nu\V7, for al p,v e I¥.
) i =T, for all p € I,

Proposition 2.25 ([16]). Let (X,U) be a fuzzy uniform space.  The
map~: IX — IX defined by i= in&u(u) 18 a fuzzy closure operator.
ve

Definition 2.26 ([5]). If F is a prefilter on (X, U), then AdhF and lim F are
fuzzy sets in X and is defined by AdhF = igg__? and lim F = inf AdhgG.

GEPm(F)
If n € I, we say that F is U-convergent in p iff ¢(F) < sup u Alim F and
F is U-convergent iff ¢(F) < suplim F .

Definition 2.27. Let (X, U) be a fuzzy uniform space and F is a prefilter on
X. Then F is U-cauchy iff ¢(F) < inf sup  inf inf o(v).

ceU GEPm(F)veEG
Definition 2.28. Let (X, U) and (Y, U') be fuzzy uniform spaces. Then a map
f: X — Y is said to be fuzzy uniformly continuous if for each v € U?,

(f xf)"Hv) e U.

Proposition 2.29. If (X, U) and (Y, U?') are fuzzy uniform spaces, B and B!
are basis for U and U, respectively and f : X — Y, then f is fuzzy uniformly
continuous iff for all B* € B' and for all € € Iy there exist 3 € B such that
B—e<(fxN)~BY.

Theorem 2.30. If (X, U) and (Y,U%) are fuzzy uniform space and f : X —
Y is uniformly continuous, then f is fuzzy continuous.

Throughout this paper uniformity on a nonempty set X is denoted by & and a
fuzzy uniformity by U. We denote the topology associated with a uniformity U
by T'(U) and the fuzzy topology associated with a fuzzy uniformity U by 7(U)
[16], where 7(U) is the fuzzy topology whose fuzzy closure operator is defined
in Proposition 2.25.

Definition 2.31 ([16]). Let X be a non empty set and let {f; : X — (Y;,U;),
j € J} be a family of functions from X into the family of fuzzy uniform spaces
{(Y;,U;),j € J}. Then the coarsest fuzzy uniformity U on X making each
fi,J € J is fuzzy uniformly continuous is called the initial fuzzy uniformity
on X and is denoted by sup(f; x f;)~1(U;).

JjeJ

Let UNIF denote the category of uniform spaces and uniformly continuous
functions and FUNIF denote the category of fuzzy uniform spaces and fuzzy
uniformly continuous functions. Then the functors w, : UNIF — FUNIF and
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iy : FUNIF — UNIF are defined as follows and are the uniform analogues of
the functors w and ¢ introduced in [14].

For each (X,U) € UNIF, w,(X,U) = (X,w,(U)), where w,(U) = {p €
IX*X =Y a, 1) € U,Va € I} and for each (X,U) € FUNIF, i,(X,U) =
(X,i,(U)), where i,,(U) = {u" (o, 1] : p € U, € L1} .

Theorem 2.32 ([16]). IfU is a uniformity on X and U a fuzzy uniformity on
X. Then,

1) wy(U) is a fuzzy uniformity on X.

2) i,(U) is a uniformity on X.

3) iy(w,(U)) =U.

4) wy (i (U)) is the coarsest fuzzy uniformity generated by a uniformity

and is finer than U. We denote w, (i, (U)) by U.

5) T(wu(U))=w(TU)).

6) T(in(U)) = i(7(U).

7) 7(U) = 7(U).

We shall call a notion in FUNIF a good extension of a notion in UNIF if it
reduces to the standard notion in case of the fuzzy uniformity U = w(lf).

Definition 2.33 ([10]). If U is a fuzzy uniformity on a nonempty set X, then
its a-level uniformity, for 0 < a < 1 is defined by i,.o(U) = {p? € 2XxX .
peU,Bel0,1-a)}.

The functor %, : FUNIF — UNIF is the uniform analogue of the functor
iq discussed in [16]. Also, iy = iy, -

Theorem 2.34 ([10]). The topology T (iu,o(U)) on X, induced by the a-level
uniformity iy, (U) of the fuzzy uniform space (X, U), coincides with the a-level
topology i, (T(U)).

3. Fuzzy UNIFORMITIES ON FUNCTION SPACES

Let X be a non-empty set and let (Y, U) be a fuzzy uniform space. Let Y X
denote the collection of maps from X into Y. Let & be a nonempty subset
of YX. In this section we study the pointwise fuzzy uniformity and fuzzy
uniformity of uniform convergence and their associated fuzzy topologies. It is
shown that the fuzzy topology associated with the fuzzy uniformity of uniform
convergence is jointly fuzzy continuous on Cy(X,Y).

Definition 3.1. The initial fuzzy uniformity U, on & generated by the col-
lection of maps {e, : © € X} is called the pointwise fuzzy uniformity or
fuzzy uniformity of pointwise convergence on . The pair (3,U)) is

called the pointwise fuzzy uniform space.

Remark 3.2. The above definition of pointwise fuzzy uniformity on & coin-
cides with the definitions of pointwise fuzzy uniformity given in [6, 9].
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The following theorem of Lowen [16] reflects upon the relationship that exists
between the initial fuzzy topology and the fuzzy topology generated by the
initial fuzzy uniformity.

Theorem 3.3 ([16]). Let X be a set and let (Y,U;),j € J be a family of fuzzy
uniform spaces. If {f; : X — Y}, j € J} is a family of functions, then
T(sup(f; x f;)71(U;)) = sup f; (7(U;)).

jeJ JjeJ

In view of Definitions 2.3, 3.1 and Theorem 3.3, the following result is imme-
diate.

Theorem 3.4. The fuzzy topology associated with the fuzzy uniformity U, of
pointwise fuzzy uniformity is the pointwise fuzzy topology T, .

Theorem 3.5. Let X be a non-empty set and let (Y,U) be a uniform space.
Let U, denote the pointwise uniformity on S and let U, be the pointwise fuzzy
uniformity on ¥, where Y is endowed with the fuzzy uniformity w,(U). Then
wy(Up) = Up.

Proof. Let A (ex X e5) ' (v;) be a basic element for the fuzzy uniformity Uy,
i=1
where Y is endowed with the fuzzy uniformity w, (U). Since v; € w,(U), v €

U for each o € I and hence [ (ex x €)' (¥¥)] € Up. This shows that
i=1

[ (ex x €)1 (1i]* € U, and so A (e X €2) " (1;) € wu(Uy). Thus we have

i=1 i=1

wu(Up) 2 Uy. The proof of the opposite inclusion, wy, (U,) € U,, is similar to

the one given above. (|

Proposition 3.6. Let X be a set and let (Y,U) be a fuzzy uniform space.
Let U, be the fuzzy uniformity of pointwise convergence on & . Then for
each o € Iy, the a-level uniformity iyo(Up) is the uniformity of pointwise

convergence on S with respect t0 iy, (U) on Y.

Proof. Let (e X e;)"*(v) be a subbasic element in Uy,,.
Then for each « € I,

[(ex X €)' ())? = {(f,9) €S xS :v(f(2),g(x)) > B}, Be0,1-a)
= {(f,9) €Sx3: (f(x),9(z)) € v’}
= (ew X e:ﬂ)_l(Vﬁ)v

which is a subbasic element in the pointwise uniformity on &, where Y is
endowed with the uniformity i, (U). O

Theorem 3.7 ([6]). Let F be a prefilter in the pointwise fuzzy uniform space
(YX,U,). Then F is a Cauchy prefilter if and only if for each x € X, e,(F)
is a Cauchy prefilter in (Y, Uy).
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Fuzzy Uniformity of Uniform Convergence.

In this subsection we study the notion of fuzzy uniformity of uniform conver-
gence on a function space & C Y¥ (which was initiated by Burton [6]), where
X is a nonempty set and (Y, U) is a fuzzy uniform space.

Definition 3.8 ([6]). For each v € U, the fuzzy set W, = N (ex X ez) " *(v)
rcX
i S XS, where ey, : S — Y is the evaluation map, is defined by,

Wo(f,9) = N\ v(f(z),g(x)). Let B be the collection of all W,,, where v varies

rzeX
over U.

Proposition 3.9 ([6]). The collection B is a base for a fuzzy uniformity on .

Example 3.10. If y € I¥, then the section of W,, over p is defined by

W) (f) = N vlea(u)(f(x)

zeX

= inf {sup(e;(u)(g(z)) /\ v(g(x), f(x)))}

zeX gES
for each f € S

Definition 3.11 ([6]). The fuzzy uniformity U, generated by B is called the
fuzzy uniformity of uniform convergence. The fuzzy topology associated
with U, is called the fuzzy topology of uniform convergence and it is
denoted by T,.

In the following results we give a short description of the concepts that Burton
[6] uses relative to the fuzzy uniform convergence.

Theorem 3.12 ([6]). Let F be a prefilter in Y with c(F) =¢(F) . Then F
is Uy-cauchy, a <€, 1bm(]:)(f) >a= %m(]:)(f) >a.

p u
Theorem 3.13 ([6]). If (X,U) is complete then (YX,Uy,) is complete.

Corollary 3.14 ([6]). If p: YX — I is Up-closed and (Y, U) is complete,
then p is Uy -complete.

Theorem 3.15 ([6]). If u is a closed fuzzy set in (Y, Up) and for allz € X,
ex(11) is complete in (X, U) , then the fuzzy set p is complete in (Y, U,).

Proposition 3.16. If W,,, 1 < < n are members of U,. Then the following
hold:
i) /\ W, =
i=1

W . and
(A vi)

=1

ii) W, = Wy, fora e Iy.
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Proof. i) For each i, W,, = A (ex X e;)"*(v;). Hence,
zeX

AWo, = AL ez xea) ()}

i=1 i=1 zeX
= /\ [(ea X ez)il(/\ Vi)
reX i=1
- W n
(/\ vi)

ii) For each « € I,

Woo = (V{(f,9): (f2).g(x)) € v*}

reX

= ﬂ {(f,g) : (eLE X ew)(fvg) € Va}

reX

= (N{(£.9):(f.9) € (e x )" (v*)}
rzeX

= N{(£.9): (f:9) € (e x e2) ' ()]}
reX

= ﬂ [(ex X ex)_l(y)]a
rzeX

= [/\ (ex X ex)il(u)]a
rzeX

= (W)~

O

The following theorem shows that for each o € I, the a-level uniformity of the
fuzzy uniformity of uniform convergence U, on the function space & coincides
with the uniformity of uniform convergence on & when Y is endowed with the
uniformity iy, (U).

Theorem 3.17. For each a € Iy, iy,o(Uy) is the uniformity of uniform con-
vergence on ¥, where Y is endowed with the uniformity iy, q(U).

Proof. Let W, be a basic element for the fuzzy uniformity of uniform con-
vergence U,, where v € U. Then WY is a basic element for the uniformity
iu,a(Uy). By Proposition 3.16(ii), Wy« = W, and the fact that W,« is a basic
element for the uniformity of uniform convergence on <&, where Y is endowed
with the uniformity 4, (U,), the theorem follows. O

Jager in [9] showed that the notion of fuzzy uniformity of uniform convergence
is a good extension.
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Theorem 3.18. Let C(X,Y") denote the collection of all continuous functions
from a topological space X into a uniform spaceY and let U,, denote the unifor-
mity of uniform convergence on C(X,Y). Then the fuzzy topology associated
with the fuzzy uniformity w,(U,) is jointly fuzzy continuous.

Proof. The uniform topology T'(U,,) on C(X,Y) is jointly continuous. Since in
view of Theorem 2.8 the fuzzy topology of joint fuzzy continuity is a good ex-
tension, the fuzzy topology w(T'(U,,)) is jointly fuzzy continuous. By Theorem
2.32, 7(wy,(Uy)) = w(T(U,)). This shows that the fuzzy topology 7(w.(Uy))
associated with the fuzzy uniformity w, (i,,) is jointly fuzzy continuous. (]

Corollary 3.19. Let X be a topological space and let Y be a uniform space with
the uniformity Uy . Let Cy(X,Y) denote the collection of all fuzzy continuous
maps from the topologically generated fts w(X) into the topologically generated
ftsw(Y). Then the fuzzy topology of uniform convergence on Cy(X,Y) is jointly
fuzzy continuous.

Proof. Since X and Y are topologically generated fts, C;(X,Y) and C(X,Y)
are equal as sets. Since the uniformity of uniform convergence is a good ex-
tension, the fuzzy uniformity of uniform convergence U, is same as w, (Uy),
where U, is the uniformity of uniform convergence on C(X,Y). Hence in view
of Theorem 3.18, the fuzzy topology associated with the fuzzy uniformity of
uniform convergence U,, is jointly fuzzy continuous. (I

Definition 3.20. Let X be a fuzzy topological space and let (Y, U) be a fuzzy
uniform space. Let S be the collection of all starplus-compact fuzzy sets in X.
For each k € S and v € U, define a fuzzy set W(k,v) : S xS — 1T by

Wk v)(f9) = N (e xe) ' (0)(f,9)

TESUPPK

= N\ vf@),g@).
TESUPPK
Then the collection of all fuzzy sets {W(k,v) : k € S,v € U} is a base
for a fuzzy uniformity on S and is called the fuzzy uniformity of uniform
convergence on starplus-compacta.

Theorem 3.21. Let S be the set of all fuzzy continuous maps from a topolog-
ically generated fts (X, 7x) into a fuzzy uniform space (Y, U). Then the fuzzy
topology of fuzzy uniform convergence on starplus-compacta is the starplus-
compact open fuzzy topology.

Proof. Let ch be the fuzzy uniformity of uniform convergence on starplus-
compacta. Since X is a topologically generated fts, a subset K of X is com-
pact in (X,ig(7x)) if and only if xx is starplus-compact in (X, 7x). Hence
iw(ch) = Uyc, where Uy denotes the uniformity of uniform convergence
on compacta, where X is endowed with the topology io(7x) and Y is equipped
with the uniformity i, (U). So by [11, Theorem 7.11], T'(iya (U, )) is the com-
pact open topology for each a € I;. By Theorem 2.6, T'(iua(U/,)) = ia(7)
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for each o € I;. Again by Theorem 2.34, io(7(U/,)) = T(iua(Ul,)) = ia(7]y)
for each a € I1. This completes the proof. (I

4. Fuzzy EQUICONTINUITY

In this section we introduce the notion of fuzzy equicontinuity and fuzzy uni-
form equicontinuity on fuzzy subsets of & and obtain results, which show that
if a fuzzy subset s of Y is fuzzy equicontinuous (respectively, fuzzy uniformly
equicontinuous), then each f € suppk is fuzzy continuous (respectively, fuzzy
uniformly continuous).

Definition 4.1. Let (X,7) be a fts and let (Y,U) be a fuzzy uniform space.
Then a fuzzy subset k of Y™ is said to be fuzzy equicontinuous at a fuzzy
point x4 of X if for each p € U, there is a T-neighbourhood n of x, such that
f(n) < u{f(xy)) for each f € suppr. We say that the fuzzy subset k of YX is
fuzzy equicontinuous on a fuzzy subset 0 of X if k is fuzzy equicontinuous at
each fuzzy point xs in 6.

Definition 4.2. A fuzzy subset k of Y, where (X, Ux) and (Y, Uy) are fuzzy
uniform spaces, is said to be fuzzy uniformly equicontinuous if

/\ (f x f)~Y(u) € Ux for each u € Uy,
fEsuppr

The following is a characterization of fuzzy equicontinuity.

Theorem 4.3. A fuzzy subset k of YX is fuzzy equicontinuous if and only if
for each p € Uy, the fuzzy set N\ f~H(u{f(x4))) is a neighbourhood of .

fEsuppr
Proof. Suppose that a fuzzy subset x of Y¥ is fuzzy equicontinuous at a fuzzy
point z, of X. Then for each p € Uy, there is a 7-neighbourhood 7 of z,, such

that f(n) < p(f(za)) for each f € supps. Son < A f(u(f(za))) and

hence A\ F Y (u(f(za))) is a neighbourhood of JZZS'“PP“

Conveiseeslgfz’;ppose that A f71(u(f(z4))) is a neighbourhood of the fuzzy
point z, for each u € Ifjeysprﬁet n= N f'u(f(z,))). Then clearly
g(n) < p{g(zy)) for each g € suppr angeggpfzﬁis fuzzy equicontinuous at the
fuzzy point . O

Theorem 4.4. If a fuzzy set k in YX is fuzzy equicontinuous, then suppk is
equicontinuous, where X is endowed with the topology io(Tx) and Y is equipped
with the uniformity iy, (Uy).

Proof. Let x be fuzzy equicontinuous. Then for each fuzzy point z) in X
and for each p € Uy, there exist a neighbourhood 7 of ) in X such that

fm) < p(f(xy)) for each f € suppk. Hence in particular, f(n) < u(f(z1))
with A = 1. This shows that f(n®) C p?(f(z)), 3 € [0,1 — a). Thus for each
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r € X and p” € i,4(Uy), there exist a neighbourhood n” of z such that
f(n®) c P {f(z)), for each f € suppr. Hence suppk is equicontinuous. O

Theorem 4.5. If a fuzzy subset k in YX is fuzzy equicontinuous, then k*
is equicontinuous for each a € I, where Y is equipped with the uniformity

tu,o(Uy).
First we prove the following lemma.

Lemma 4.6. If v < k and k is fuzzy equicontinuous then v is also fuzzy
equicontinuous.

Proof. Since v < Kk, suppy C suppk.

Hence A f ulf(za)) < A fHu(f(za))) and so the result fol-

fEsuppr fEsuppr
lows. O

Proof of Theorem 4.5. Since k* C suppk for each o € I; and since k is fuzzy
equicontinuous then by Theorem 4.4 and Lemma 4.6, k* is equicontinuous.O.

Theorem 4.7. If a fuzzy subset k of YX is fuzzy equicontinuous, then each
f € suppk is fuzzy continuous.

Proof. Since A\ fHp{f(7a))) < fHp{f(xa))) for each fuzzy point z,

fEsuppk
of X, f~1(u(f(xa))) is a neighbourhood of x, for each p € Uy and so f is
fuzzy continuous at each x,. Hence f is fuzzy continuous on X. O

Theorem 4.8. If k is fuzzy uniformly equicontinuous, then each [ € suppk is
fuzzy uniformly continuous.

Proof. Suppose that k is fuzzy uniformly equicontinuous. Then for each u €
Uy, A (f xf)"%n) € Ux. This implies that for each u € Uy,

fEsupprk
(f x f)~1(u) € Ux. Hence f is fuzzy uniformly continuous. O
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