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FIXED POINT THEOREMS OF INTUITIONISTIC FUZZY
MAPPINGS IN QUASI-PSEUDO METRIC SPACES

AKBAR AZAM, REHANA TABASSUM

ABSTRACT. The main focus in this article is to establish some fixed point the-
orems for intuitionistic fuzzy mappings in left K-sequentially complete quasi-
pseudo metric spaces as well as right K-sequentially complete quasi-pseudo
metric spaces in association with (a, 8) — cut set of an intuitionistic fuzzy set.
Our main results generalize and unify several well-known fixed point results for
intuitionistic fuzzy maps. Some examples are presented to prove the validity
of hypothesis of our main results.

1. INTRODUCTION

Heilpern [15] first bring about the idea of fuzzy mappings and proved a fixed point
theorem for fuzzy contraction mappings on complete metric linear spaces which is
an extension of the fixed point theorem for multivalued mappings of Nadler [20].
The notion of fixed point for fuzzy mappings was initiated by Weiss [27] and But-
nariu [I3]. Subsequently, several authors (see, [T, 6] [7, [8, [O [19] 25]) generalized
and studied the existence of fixed points of fuzzy mappings satisfying a contractive
condition.

In 1963, Kelly [I8] introduced the concept of Cauchy sequence for a quasi-pseudo-
metric space and gave a generalization of the Baire category theorem. This defini-
tion was further extended by Reilly et al. [22] in seven different notions. Afterwards,
in 1999, Gregori [14] established a fixed point theorem for fuzzy contraction map-
pings in left K-sequentially complete quasi-pseudo metric space to extend the result
of Heilpern [I5]. Later on, in 2003, Telci [26] proved a fixed point theorem for fuzzy
mappings in quasi-metric spaces. In 2005, Sahin et al. [23] presented common fixed
point theorem for a pair of fuzzy mappings in left (right) K-sequentially complete
quasi-pseudo metric spaces.

In 2013, Azam et al. [9] established some local versions of fixed point theorems for
fuzzy contraction mappings in left (right) K-sequentially complete quasi-pseudo
metric spaces to generalize the result of Gregori [14]. Recently, Rashid et al. [10]
generalized the results [0, [14] by introducing L-fuzzy contraction mappings in left
(right) K-sequentially complete quasi-pseudo metric spaces.
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On the other hand, intuitionistic fuzzy set (IF'S), developed by Atanassov (see,
B, 4, B]) in 1983, is a powerful tool to deal with vagueness. A prominent charac-
teristic of (IF'S) is that it assigns to each element a membership degree and a non-
membership degree and thus, the (IF.S) constitutes an extension of Zadeh’s fuzzy
set [28], which only assigns to each element a membership degree. Moreover, fuzzy
set is a special case of (I F'S) by assigning each element a degree of non-membership.
Thus, (IF'S) would be better to deal with the imprecise and uncertain information
than fuzzy sets. Afterwards, several researchers explored on the extension of the
notion of intuitionistic fuzzy set see, ([2, 1T} 12} 16l 077, 2T 24, 25| 26]). In 2012,
Shen et al. [24] introduced the concept of intuitionistic fuzzy mappings and defined
some operations of intuitionistic fuzzy mappings to develop a soft algebra and pro-
posed a relationship with the intuitionistic fuzzy relation.
Thus, motivated and inspired by the researcher’s work presented in [24], fixed point
theorems for intuitionistic fuzzy mappings with (a, 8) — cut set of an intuitionistic
fuzzy set in left (right) K-sequentially complete quasi-pseudo metric spaces have
been established. Moreover, our results are based on the fact that mappings are
not contractive on the whole space but they may be contractive on its subset.
Using same techniques of this paper, a variety of fixed point results of literature
can be improved/generalized in connection with the idea of (a, 8) — cut set for
intuitionistic fuzzy mappings.

2. Preliminaries

This section explores the some basic definitions and known results needed in the
sequel.

Definition 2.1 [9] Let X be a nonempty set. Then the function d : X x X —
[0,00) is called quasi-pseudo metric on X, if for all z, y, z € X, satisfying the
following
(1) d(z,z) =0
(1) d(z,y) < d(z,2) +d(z,y).

If d is a quasi-pseudo metric on X, then a pair (X,d) is said to be quasi-pseudo
metric space.

Each quasi-pseudo metric d on X induces a topology 7 (d) which has as a base the
family of all d-balls B, (z), where

Be(z)={ye X :d(z,y) <e}.

If d is a quasi-pseudo metric on X, then the function d=! : X x X — [0,00)
defined by d~! (x,y) = d (y,z) is also quasi-pseudo metric on X. Here, d Ad~! =
min {d, d_l} and dV d~! = max {d, d_l} .

Definition 2.2 [22] Let (X, d) be a quasi-pseudo metric space. A sequence {z,}
where n € N in X is said to be
(7) left K-Cauchy if for each € > 0, there exists k € N such that d (z,, z,,) < € for
all m € N with m >n > k.
(#3) right K-Cauchy if for each e > 0, there exists k € N such that d (z,,z,,) < €
for all m € N with n > m > k.
A quasi-pseudo metric space (X, d) is said to be left(right) K-sequentially complete
if each left(right) K-Cauchy sequence in (X, d) converges to some point in X.
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Definition 2.3 [9] Let (X,d) be a quasi-pseudo metric space and let A and
B be two nonempty closed subsets of X w.r.t 7(d). Then the Hausdorff distance
between subsets A and B is defined as

H(A,B) = max{supd(a,B) ,supd (b, A)} ,
acA beB
where
d(a,B) =inf{d(a,x): z € B}.

Clearly, H is the usual Hausdorff distance if d is a metric on X.

Definition 2.4 [9] A fuzzy set A on a nonempty set X is a function A : X —
[0,1]. If A is a fuzzy set and z € X, then the function values A (x) is called the
grade of membership of x in A.

The o — level set of A is denoted by [A], and is defined as:
[4], = {z:A(x)>a} foreachac (0,1],
(4], cd({z: A(x) >0}).

Here, ¢l (B) denotes the closure of the set B.

Definition 2.5 [I4] Let X be an arbitrary set and Y be a metric space. A
mapping T is called fuzzy mapping if T is a mapping from X into IY.

The classes W* (X) and W/ (X) of fuzzy sets on quasi-pseudo metric space (X, d)
and W (V) of fuzzy sets on a metric linear space (V,dy ) are defined as follows:

We(X) = {Ae I* . Ay is nonempty d-closed and d~'-compact }
w/(X) = {Ae I* . Ay is nonempty d-closed and d-compact }

AelV: A, is compact and convex in V
for each a € (0, 1]

with supp 4 (z) =1
eV

=
=
I

Definition 2.6 [23] Let (X, d) be a quasi-pseudo metric space and let A, B €
W*(X) (or W/ (X)) and a € [0,1]. Then following notions are defined as:

Do (A, B) = H ([4],,,[Bl,)
where the Hausdorff metric H is deduced from the quasi-pseudo metric d on X.

doo (A, B) =sup{D, (A,B) : a € (0,1]}.

Lemma 2.7 [I5] Suppose that K # ¢ is compact in the quasi-pseudo metric
space (X, dil) or (X,d). If z € X, then there exists kg € K such that

d(z,K)=d(z,ko) or d(K,z)=d(ko,z).

3. Fixed point theorems for intuitionistic fuzzy contractive maps

In this section, on the basis of (IF'S), some definitions and lemmas are discussed.
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Definition 3.1 [4] Let X be a nonempty set. An Intuitionistic fuzzy set E in
X is an object having the form

E = {{z.up (2) ,vp (2)) 0 € X},
where the functions pg (z) : X — [0,1] and vg (x) : X — [0, 1] define respectively,
the degree of membership and degree of non-membership of x to E, satisfying the
condition
0<pg(r)+wvp(x) <1 for each z € X.

Furthermore, we have

mp(2) =1 - pg (2) —vE ()
called the hesitation margin of = to E. Clearly

0<7g(r)<lforall zeX.
We denote the collection of all intuitionistic fuzzy sets on X by (IFS)* .

Definition 3.2 [3] Let E is an intuitionistic fuzzy set and = € X, then o — level
set of an intuitionistic fuzzy set E is denoted by [E]_ and defined as

«

[El,={re X :pg(x) >aandvg(z) <1—-a} ifae[0,1].

Definition 3.3 [16] Let E is an intuitionistic fuzzy set on X, then (a, 8) — cut
set of E is defined as

Ewpg ={r € X :pg(r)>aand vp(z) < B}, where a + 5 <1,

which is generalization of oo — level set.
We denote E(y ) by [E]” and is defined as

Ewm =[E]" ={x € X : pg (x) = M and vg (z) = m},

where
M =
max pp (),
m = min vg(x).
zeX

Definition 3.4 [I7] Any crisp set A can be represented as an intuitionistic fuzzy
set by its intuitionistic characteristic function (®4, ¥ 4) defined as:

1 ifre A 0 ifreA
@A(x)—{ 0 ifrgA ‘I’A(x)—{ 1 ifrg A
For convenience, we use the following notations

« reA

QA%‘(”{ B agA

which gives the following comparison

D () = Qs (2) = x4 (@) and Wa (@) = Qg (2) = 1 — x4 (2).

Now we are defining the classes for intuitionistic fuzzy sets on the basis of classes
defined in [13].
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Definition 3.5. Let (X,d) be a quasi-pseudo metric space and (V,dy) be a

metric linear space. The families W/ (X) and WI/ £ (X) of intuitionistic fuzzy sets
on (X,d) and W, (V) of intuitionistic fuzzy sets on (V,dy) are defined by

Wip(X) = {E € (IFS)~ [E]" is nonempty d-closed and d_l—compact}

WI/F (X) {E € (IFS)™ : [E]" is nonempty d-closed and d-compact}

Eec (IFS)V : E(a,p) is compact and convex in V

W,p (V) = for each (o, B8) € (0,1] x [0,1)
with sup pg (z) =1 and inf vg(z) =0
zEV zeV

Definition 3.6 [24] Let X be an arbitrary set and Y be a quasi-pseudo metric
space. S is said to be intuitionistic fuzzy mapping if S is a mapping from X into

Wip (¥) or (W/p (Y)).
Definition 3.7. A point z* € X is called fixed point of an intuitionistic fuzzy
mapping S : X — (IFS)~ if 2* € [Sz*]", i.e.

forall 2 € X, pg(pe) (2) < prgepe) (27) and vg (- (T) = vg@r) (7).

Definition 3.8. Let (X,d) be a quasi-pseudo metric space and let E, G €
Wie (X) or WI/F (X) and (a, 8) € (0,1] x [0,1). Then it can be defined as

D(a,[}) (E7 G) =H ([E](oé”/j) ) [G}(aﬁ)) ;
where the Hausdorff metric H is deduced from the quasi-pseudo metric d on X,
d(co,00) (B, G) = sup {D(a.p) (E,G) : (o, ) € (0,1] x [0,1)}.
For A, B € (IFS)*, A C B implies that p, (z) < pg () and v4 (z) > vp () for
each z € X.

Now we are modifying the following Lemmas (see, [9] [14]) for intuitionistic fuzzy
mappings.

Lemma 3.9. Let (X,d) be a quasi-pseudo metric space, z € X and E €
Wie (X) or W/ (X). Then z € [E]*

if and only if d (z, [E]")

d ([E]* ,:U) =

or

Lemma 3.10. Let (X, d) be a quasi-pseudo metric space and E € W/ (X) or
WI/F (X). Then for any z, y € X and («a, ) € (0,1] x [0,1), we have

d (m, [E](aﬂ)) <d(z,y)+d (y, [E](aﬁ)) or

A ([E) @) < d([E) ) v) +d(y,2).
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Lemma 3.11. Let (X, d) be a quasi-pseudo metric space and E, G € Wiy (X)
or WI/F (X). Then for zo € [E], 4 and (o, 8) € (0,1] x [0,1), we have

d (.’,Eo, [G](a”@)) S D(a,,@) (Ea G) or

d ([G}(aﬁ) ,1‘0) < D(aﬁ) (G, E) .

4. Fixed point theorems for intuitionistic fuzzy contractive maps

In this section, fixed point results for intuitionistic fuzzy contraction mappings
in a left (right) K-sequentially complete quasi-pseudo metric space are presented.

Theorem 4.1. Let (X, d) be a left K-sequentially complete quasi-pseudo metric
space, g € X, € > 0 and S : X — W}, (X) is an intuitionistic fuzzy mapping. If
there exists 0 < g < 1 such that for each z, y € By (20, €), we have

d(so,00) (S, Sy) < q (d~" A d) (2,y)
and
d (xo, [Smo]*) <(l—gq)e.

Thus, there exists 2z € By (g, €) such that z € [Sz]".

Proof. Since K = [Sxo]" is nonempty d~!-compact and zg € X, It follows from
Lemma 2.7, there exists x1 € [Sxo]” such that

d(zo, 1) = d(xo,[Sz0]")
< (I-gq)e.

This also implies that z1 € By (7, ¢€) .
By Lemma 2.7, there exists 2o € [Sx1]" for 21 € X such that

d(x1,x2) d (:cl, [le]*)

D n1,m) (S0, Sz1)
d(oo700) (S$0,5$1)
q (d71 Ad) (zo, 1)
qd (2o, 1)
qg(l—q)e

VAN VAN VAR VAN VAN

As

d (wo, v2) d(zo,x1) +d(x1,22)
(I1-qetq(l—q)e

(1-q)(1+g+d¢+ )e==e

VANVAR VAN
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This implies that zo € By (7, ¢€) .
By Lemma 2.7, there exists z3 € [Sza]” for 2 € X such that

d(za,23) = d(xg,[Smg]*)

< D(u,m) (Sz1, Sxo)
< diso,00) (ST1,572)
< q(d7'Ad) (z1,22)
< qd(71,72)

< ¢*d(zo, 1)

< ¢F(1-q)e

Now,
d (zg,x3) d(zg,21) + d(x1,22) + d (22, 23)

<
< (1-qetq(l-—qe+q*(1-q)e
< (-9 +g+g+--)e=e

This implies that 23 € By (20, €) . Continuing in this way, we can obtain a sequence
T, € [Sx,_1]" such that

d(Tn_1,7,) < ¢"rd(zg, 1) < g ' (1—q)e forn=234,---.

and x,, € By (7o, €) .
Hence, it can be verified that {z,} is a left K-Cauchy sequence. For n < m, we
obtain

m—n—1 m—1 n

d(xp, Tm) < Z d(Tntj, Tnyjt1) < Z qjd(xo,acl) < <1q_q> d(xg,x1) .
§j=0 i

Since 0 < ¢ < 1, it follows that {z,} is a left K-Cauchy sequence in the left
i(—sequentially complete quasi-pseudo metric space (X,d). Thus, there exists z €
By (2, €) such that lim,_, . z, = 2.
Now by Lemma 3.10 and Lemma 3.11, we obtain
d(z,[S2]") d(z,zn) + d (20, [S2]")
d(2,2n) + Dprm) (Sp_1, %)
(2,2n) + d(so,00) (STn-1,5%)
(z,2n) +q (di1 A d) (Tp—1,2)
(Za xn) + qd71 (mn—h Z)
(z,2n) + qd (2, 2p—1) .

(AN VAN VAN VARSI VAR VA

d
d
d
d
It implies that

d(z,x,) and d(z,z,_1) converges to zero as n — oo.

Therefore,
d(z[Sz]") =0
By Lemma 3.9, we obtain
z €[Sz]".
This completes the proof.
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Theorem 4.2. Let (X,d) be a right K-sequentially complete quasi-pseudo
metric space, g € X, ¢ > 0and S : X — WI/F (X) is an intuitionistic fuzzy
mapping. If there exists 0 < ¢ < 1 such that for each x, y € By (0, €), we obtain

d(so,00) (S, Sy) < q (d71 A d) (z,y)

and
d ([Szo]™,m0) < (1 —¢q)e.

Thus, there exists z € By (g, €) such that z € [Sz]".
Proof. The proof is similar to the proof of Theorem 4.1 and thus omitted.

Corollary 4.3 [9] Let (X,d) be a left K-sequentially complete quasi-pseudo
metric space, Tg € X, € > 0and S : X — W* (X) be fuzzy mapping. If there exists
0 < g < 1 such that for each x, y € By (0, €), we have

deo (S, Sy) < ¢ (d_1 A d) (z,y)

and
d (zo, [Szo);) < (1 —q)e.
Thus, there exists z € By (o, €) such that X2y C Sz.

Example 4.4. Let X = RU{w}, w ¢ R. Define d : X x X — [0,00) by
d(z,y) = |z —y|, for all z, y € R and d (w,w) = 0.

o +}, a<-}
d(z,w) = 2, —%gzgé
1
z+2, z>3
and
1 1
—T — 3, 11:<—§1
d(w,z) = 0, —3<x<g3
1 1
r—3, T>3

Then (X,d) is a left K-sequentially complete quasi-pseudo metric space. Define
intuitionistic fuzzy mapping S = (ug,vs) : X — Wjp (X) as follows:

Sz = {(pse Vsa)}-
_1
(o tagr) o<
Qf o009, _oq0. L«
= < {5 ons {500 /7 3=7=3
1
<Q{é+m}2iis’ﬂ{é+z}2128 7S
<Q{0}8:3s’ﬂ{0}8:88>’ rT=w
Thus,
teX: Q{%l o (1) =0.9 and Q{_m_%}g.gg (t) = 0.08, x<—3%
3J0.08 :
Q.0 =0. 0. =0. —lcr<d
[Sﬁ]*:[SI](OQOOS) _ te X Q{T}g.gs (t) = 0.9 and Q{T 2'28 (t) = 0.08, 3523
teX:Q{JH 00 () =0.9 and Q{Jﬂ}o.os (t) = 0.08, x>
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This implies that

1 1
Sa =4 3. TEETSS
—3 T, r >3
0, r=w
Now
T —y 2
< —-|r—1y|.
3’ 3 |7l

Therefore, for ¢ = Z and for each x, y € By (0, 5) we have
d(oo,00) (S, Sy) < q (7' Ad) (z,y)
and
a(0,[501°) < (1 - q).
This implies that 0 € By (O, %) Thus, all the assumptions of theorem 4.1 are

satisfied to obtain 0 € [S0]".
It is noticed that an intuitionistic fuzzy mapping defined in the above example is

not contractive on the whole space X. For example, when x and y are not in the

interval [f%, %] .

Theorem 4.5. Let (X, d) be a left K-sequentially complete quasi-pseudo metric
space, g € X, € > 0 and S : X — W}, (X) is an intuitionistic fuzzy mapping. If
there exists 0 < g < % such that for each x, y € By (z0,¢€),

d(oo,50) (S7, 8y) < qmax {(d™" Ad) (2,y) ,d (2, [S2]") +d (v, [Sy]") }
and
d (130, [Sxo]*) <(l—gq)e.
Thus, there exists z € By (o, €) such that z € [Sz]".

Proof. Since K = [Sx¢]" is nonempty d~!-compact and xy € X, It follows from
Lemma 2.7, there exists 21 € [Szo]" such that

d(zo,z1) = d(xo,[Sz0]")
< (1-q)e (1)

This also implies that z1 € By (7, ¢€) .
By Lemma 2.7, there exists x5 € [Sx1]" for x1 € X such that

d(z1,x2) d (z1,[Sz1]")

D n1,m) (Sxo, Sz1)

d(oo’oo) (S.’E(L S:L‘l)

gmax{(d~' Ad) (zg,21),d (z0, [Sz0]") + d (21, [S21]") }
gmax{d (zg,x1),d (zg, 1) + d(x1,72)} . (2)
Now, we are considering the following cases:

Case 1: If d(xg, 1) is taken as maximum in above inequality (2) and also using
inequality (1), we have

d(x1,29) < qd(zg,21) < q(1 —q)e.

IN N IN DA
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Case 2. If d(xg,z1) + d (z1,22) is taken as maximum in above inequality (2), we
get
d(z1,22) < gq{d(zo,z1)+d(21,22)}

(ﬁq) d (w0, 1)

As (%q) < ¢, then by inequality (1), we obtain

IN

d(x1,29) < qd(zg,21) < q(1—q)e.
It follows from the above two cases that
d(z1,22) <q(l—q)e.
Since
d(xg,22) < d(zo,21)+d(x1,22)

< (I-qletq(l—q)e
< (1-q)(l+qg+@+ )e==e
It implies that 2o € By (0, ¢).
Following in the same way, we obtain a sequence z,, € [Sz,_1]" such that

d(Tn_1,7,) < ¢"'d(zg,21) <q" ' (1—q)e forn=2,34,- -

and x, € By (xg,€).
Now, it can be shown that {x,} is a left K-Cauchy sequence. For n < m, we obtain

m—n—1 m—1 n
i q
d(Tpn, Tm) < jgo d(ZTntjs Tntjr1) < ;L ¢ d(xg, 1) < <1 — q) d (zg, 1) .

Since 0 < ¢ < 1, it follows that {z,} is a left K-Cauchy sequence in the left
Ij -sequentially complete quasi-pseudo metric space (X, d). Thus, there exists z €
B (zo,€) such that lim,, o z, = 2. Now from Lemma 3.10 and Lemma 3.11, we
obtain

d(z,[92]") < d(z,an)+d(z,,[S2]")
< d(z,2n) + Dormy (Stp—1,52)
< d(z,2n) + diso,00) (STp_1,8%)
< d(z,zn) +qmax {(d"' A d) (xn-1,2),d (2n-1,[STn-1]") + d (2,[S2]") }
< d(z,zn) +qmax {d™ " (zy_1,2) ,d (Tn_1,20) + d (2,[52]") }
< d(zm,) +qmax{d(z,z,-1),d(Tp_1,2,) +d(2,[52]") } .
As

d(z,z,) and d(z,2,—1) and d (z,—1,2,) converges to zero as n — Q.
Hence, we obtain
d(z,[S2]") < qmax {d (2,[S2]")},
it implies that
d(z[Sz]") = 0.
Thus by Lemma 3.9, we have
z €[S2]".
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This completes the proof.

Corollary 4.6 [9] Let (X,d) be a left K-sequentially complete quasi-pseudo
metric space, 7o € X, € > 0 and S : X — W*(X) be a fuzzy mapping. If there
exists 0 < g < % such that for each z, y € By (o, €),

doo (Sz, Sy) < qmax {(d" A d) (z,y),d (z,[Sz],) + d (y, [Sy,) }

and
d(.%’o7 [SSU()]) < (1 — q) €.
Thus, there exists z € By (7, €) such that X{z} C Sz

Example 4.7. Let (X, d) be a left K-sequentially complete quasi-pseudo metric
space of Example 4.4.
Now S : X — W/ (X) defined as:

Sz = {{pgy,Vsz)}

< (o300 z—é}ﬁié>’ T<3
1 1
_ <{ SRS RYA TESTES
<Q{_:1;+ }09 Q{ %+x} 5 .'L'>%
<Q{0}8:§”Q{0} > T =w
Thus,
[Sz]" = [Sfc](o.g,o.l)
tEXQ{_ lo.9()—09andQ{ l}o1(t)=0.1, r < —
T3 o1 7309
tEX:Q{;w og(t)—09andQ{,L}o.1(t):01, —%Sl’g%
= 6 . 6 X
teX:Q l+i}fo.()_09andQ{_ii} () = 0.1, z>1
3 3
tEX Q{O}o.?(t)—(){)andﬂ{o}m(t r =w
It implies that
S O
. —z _l o<l
[Sa =4 T 573
-3+, x>%
0, r=w
Now,
T s lle-gl+ gl
<Z|lz-2 - 2.
6 |S5U" 6l TG

Therefore, for ¢ = 2 and for each =, y € By (0 %) we have
d(oo,00) (52, 8Y) < qgmax {(d™" Ad) (z,y),d (=, [Sz]") +d (y,[Sy]") }
and
4(0.[50) < (1 0).
It yields 0 € By (O, %) Thus, all the assumptions of theorem 4.5 are satisfied to
obtain 0 € [S0]".
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Theorem 4.8. Let (X,d) be a right K-sequentially complete quasi-pseudo
metric space, g € X, ¢ > 0and S : X — WI/F (X) is an intuitionistic fuzzy
mapping. If there exists 0 < ¢ < % such that for each x, y € By (z0, €),

d(s0,00) (S, Sy) < gmax { (di1 A d) (z,9),d ([SI’]* ,a:) +d ([Sy}* ,y)}
and
d ([Szo]™,m0) < (1 —q)e.
Thus, there exists 2z € By (zo, €) such that z € [Sz]".

Proof. The proof is similar to the proof of Theorem (4.5) and so omitted.

Theorem 4.9. Let (X, d) be a left K-sequentially complete quasi-pseudo metric
space, g € X, € > 0 and S : X — W/ (X) is an intuitionistic fuzzy mapping. If
there exists 0 < g < % such that for each x, y € By (zo, €),

d(oo,00) (7, 8y) < qmax {(d™" Ad) (z,y),d (2, [Sy]") +d (v, [S2]") }
and
d (a:o, [Sxo]*) <(l—=gq)e.
Thus, there exists 2z € By (o, €) such that z € [Sz]".

Proof. Since K = [Sx¢]" is nonempty d~'-compact and z¢ € X, it follows from
Lemma 2.7, there exists x1 € [Sxo]" such that

d(wo,z1) = d(zo,[Sz0]")
< (1—-gq)e. (3)

This also implies that 1 € By (z9,€) .
By Lemma 2.7, there exists x5 € [Sx1]" for 21 € X such that

d(x1,x2) d (1, [Sz1]")

D(M,m) (SCC()7S:L‘1)

d(w7w) (Sxo,le)

qmax{(d_1 A d) (xo,21),d (xo, [Sml]*) +d (a:l, [Sxo]*)}
gmax {d (zg, 1) ,d (zo,21) +d (21,72)} . (4)

Now, we are considering the following cases:
Case 1: If d (g, 21) is taken as maximum in above inequality (4) and also using
inequality (3), we have

d(w1,22) < qd(w0,21) < q(l—q)e.

Case 2. If d(zg,x1) + d (z1,22) is taken as maximum in above inequality (4), we
get

IANIA N IA

d(z1,22) < q{d(zo,71) +d(21,22)}

(ﬁq) d (o, 21).

As (1—zq> < g, then by inequality (3), we obtain

IN

d(x1,29) < qd(zg,21) < q(1 —q)e.
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It follows from the above two cases that
d(z1,22) < q(l—q)e.
Since
d(zo,z2) < d(zg,xz1)+d(z1,22) < (1—q)e+qg(l—¢q)e
< (1-q)(1+q+¢+ )e==e
It implies that .
x9 € By (29, €).

Following in the same way, we obtain a sequence z,, € [Sz,_1]" such that

d(Tn_1,7n) < ¢" " 'd(z0,21) <q" ' (1—q)e forn=234,--

and z,, € By (o, ¢€).
Now, it can be shown that {z,} is a left K-Cauchy sequence, for n < m, we obtain

m—n—1 m—1 n
i q
d(Tpn, Tm) < jzz(:) d(Tntjs Tntjr1) < ; ¢ d(zg, 1) < <1 — q) d (zg, 1) .

Since 0 < ¢ < 1, it follows that {z,} is a left K-Cauchy sequence in the left
K-sequentially complete quasi-pseudo metric space (X, d). Thus, there exists z €
By (0, €) such that lim,, . 2, = 2.

Now from Lemma 3.10 and Lemma 3.11, we obtain

d(z,[92]") < d(z,2n)+d(z,,[S2])
< d(z,2n) + Damy (S7p—1,8%)
< d(2z,2n) + diso,00) (STp_1,5%)
< d(z,zn) +qmax {(d"' Ad) (xn-1,2),d (2n-1,[S2]") + d (2, [Szp_1]") }
< d(z,2) +qmax {d~ " (zp_1,2) ,d (2p-1,[52]") + d (2,2,)}
< d(z,xn) + gmax {d (z,%p—1),d (:L’n_l, [Sz]*) + d(z,xn)} .
As

d(z,zy,), d(z,2,-1) and d(z,z,) converges to zero as n — oo.
Hence, we obtain
d(z,[S2]") < gmax {d (z,[S2]")},
this implies that

d(z[Sz]") =0

€[9z]".

Therefore, Lemma 3.9 yields

Hence this completes the proof.

Corollary 4.10 [9] Let (X,d) be a left K-sequentially complete quasi-pseudo
metric space, o € X, ¢ > 0and S : X — W* (X) be fuzzy mapping. If there exists
0 < ¢ < % such that for each z, y € Bq (9, €)

Dy (Sz,8y) < qmax {(d~" Ad) (z,y) ,d (z,[Sy];) + d (y,[Sz],)}
and
d (o, [Swo]) < (1 —q)e
Thus, there exists z € By (7, €) such that X2y C Sz.
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Example 4.11. Let (X, d) be a left K-sequentially complete quasi-pseudo met-
ric space of Example 4.5.
Now S : X — Wi (X) defined as

Sz = {<:U’SWU533>}'
< _ _7}099,9 a1 001>, $<—%
0.01 0.99
210 i<
_ REORNGUE DA 3STS5
1
(2o ) ">
(2o Qoongas) r=w
Thus
[Sz]" = [590](0,9970,01)
te X:Q 0.99(t)20.99andﬂ 10.1()—0.01 r <
{ 3}0 01 { = 3}0.99
teX: Q{ 099():0.993nd§2{,z001(t)—001, —1<az<
= 5 Jo.o 5 Jo.99
tGX:Q{O}ggg()—O99andQ{0}001 ) O , r =w
It yields
—x—%, x<—%
N -z Ll o<l
— 5 7 3 =" =3
[Sa:] —%—l—x, x>%
0, r=w
Now

Y <l 50

Thus, for ¢ = i and for each z, y € By (0, g) we have
d(s0,00) (S, Sy) < gmax { (di1 A d) (z,y),d (1:, [Sy]*) +d (y, [Sz]*)}
and
d(0,[S0]") < (1—gq).
This implies that 0 € By (0, %) Thus, all the assumptions of theorem 4.9 are
satisfied to obtain 0 € [S0]".

Theorem 4.12 Let (X, d) be a right K-sequentially complete quasi-pseudo met-
ric space, 19 € X, e >0and S : X — WI/F (X) is an intuitionistic fuzzy mapping.
If there exists 0 < ¢ < % such that for each x, y € By (0, €),

d(oo,50) (Sz, Sy) < qmax {(d™" A d) (z,y),d ([Sy]" ) +d ([Sz]",y) }
and
d ([Szo]™,m0) < (1 —¢q)e.
Thus, there exists 2z € By (g, €) such that z € [Sz]".

Proof. The proof is similar to the proof of Theorem 4.9 and so omitted.
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Remark 4.13 Main results of [14] and [9] can be obtained as corollaries of our
theorems and examples 4.4, 4.7 and 4.11 can be considered as evidence of this
statement. As a matter of fact, in examples 4.4, 4.7 and 4.11, [Sa:](1 0) is an empty

set,

therefore the results proved in [9] 10} [14] are not valid in this case.
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