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Abstract

In nonlinear analysis, the fixed point theory plays a key role. In the present paper some
new hybrid fixed point theorems (HFPT) for integral type implicit relations (ITIR) in Hausdorff
fuzzy metric space (HFMS). Fixed point theorem (FPT) for set-valued maps was initiated by
Nadler [21] and has developed more results in different directions. Our result generalized
extends and modified some existing results of fuzzy metric space (FMS).

1. Introduction

For the existing fixed points in FMS, the contractive conditions and
1implicit function play a key role. Zadeh [31] was the first who explore fuzzy
mathematics and introduced a mathematical formulation of the fuzzy set (F'S)
in 1965. Many researchers worked on this theory of FS and developed some
interesting results to encounter the vagueness, ambiguity of daily life
problems. Kramosil and Michalek [15] first to introduced the concept of FMS,
which was modified by George and Veeramani [10]. The Banach contractive
FPT extended by Gregori and Sapenal [11] to the fuzzy contractive mapping
of complete metric space. Recently more results in FMS (see [7, 8, 9, 18, 19,
217, 29, 30]).

Investigations of the existence of fixed points of set-valued contractions in
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metric spaces were initiated by Nadler [21] and subsequently by Asad and
Krik [3], Mizoguchi, and Takahashi [20], and Kim and Wardowshi [13]. To
prove common FPT’s of contractive maps in different spaces, Popa ([22, 23])
introduces the concept of implicit function. The integral type contraction
principle, which is a version of the Banach contraction principle, was
developed by Branciari [6] in 1985 and proved FPT for single-valued
contractive mapping of integral type. Many researchers extended the result of

Branciari in different spaces, (see [2, 24, 26] and references therein).

The Banach [5] contractive FPT extended by Gregori and Sapena [11] to
the fuzzy contractive mapping of complete metric space. Lopez and
Romaguera [17] introduced the concept of HFMS in 2004. After that, a
number of research papers were developed by researchers to prove FPT for
multivalued contraction mapping in HFMS (see [12, 13, 22, 29]). The main
idea of this study is to generalize, improve and extend some new hybrid fixed
point theorems for ITIR in HFMS.

2. Preliminaries

Let us memorize the terminologies and basic properties of fuzzy metric

space in the sequel as follows:

Definition 2.1[30]. A fuzzy set A = {x, ny(x): x € X} is an ordered set
of a non-empty set X, where px(x) : X — [0, 1] is a function.

Definition 2.2[27]. A binary operation *:[0,1]x[0,1] - [0,1], is a
continuous Z-norm with unit 1, if it satisfies the following conditions:

(1) * is associative, commutative and continuous,

() a*b>ab Va,bel0,1]

(iii) a *b < ¢ *d whenever a < ¢ and b < d foreach q, b, ¢, d € [0, 1].

The typical examples of continuous ¢-norm are a*b=ab or

ab

a *b = min(a, b), anda*b:m

, for 0 <A <1
Definition 2.3[10]. An ordered triple (X, M, *) is called a fuzzy metric
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space, where X is a non-empty set, * 1s a continuous ¢-norm and
M:XxXx(0,+o) —>[0,1 is a function satisfying the following
conditions, such that for all x, y, z € X,

(Fgy —1) M(x, y,t) > 0, forall ¢t > 0,

(Fgy —2) M(x, y,t)=1, for all ¢t>0, and M(x, y,¢)=1, for some
t>0=>x=y,

(Fgy —3) M(x, y,t) = M(y, x, t) forall ¢ > 0,
(Fgy —4) M(x, y, t)* M(y, z, s) < M(x, z,t + s), forall s, ¢t > 0,
(Fgy —5) M(x, y, ) : (0, + ©) — [0, 1] is continuous.

According to Kramosil and Michalek [15], M is a fuzzy set on
X x X x (0, ) which satisfies (Fgy —3) and (Fgy —4) while (Fgy —1),
(Fgv —2) and (Fgy —5) replaced by (Fgpr — 1),

(Fgar — 2) and (Fgps — 5), as follows:

(Fgpr —1) M(x, y,0) =0,

(Fgpr — 2) M(x, v, t) =1, for all ¢ > 0, if and only if x = y,
(Fgpr — 5) M(x, y, -) : [0, ©) — [0, 1] is left continuous.

Song [29] gives two important facts that M(., -, ¢) is continuous function
on XxX for ¢t € (0, ) and M(x, y, ) is non-decreasing for all x, y € X.
For more examples, lemma and definition about fuzzy metric space we refer
([10, 18, 26, 27] and references therein).

For all conditions on fuzzy metric space (X, M, #), it is easy to show that
commuting = weakly commuting = compatible = continuity and there are
examples (see [26, 27]).

Example 2.1. Let (X, M, *), be a fuzzy metric space, where X = [0, 10],

4

a*b=min{a, b}, Va,bel0,1] and M(x, y,t)= ECEEIk

for all
x, y € X, t >0 with condition (Fgps — 5).
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Define S and T by:

0, ifx=0
Tx =<x+8, if xe(0,2] .

sz{g’ if x € (0, 2]
x -2, if x € (2, 10]

0, if x e{0}U(2, 10]

We have M(Sx, Tx, t) =1 = Sx = Tx iff x =0, ¢ > 0, and so

M(ST, TS, t) =1 = STx = TSx = ST(0) = TS(0) = ST = TS, ¢ > 0.
Then, (S, T') is weakly commuting. Let {x,} be a sequence in X defined by:

xn=2+l,nz1,sxn:s(2+l):0,Txn:T(2+l):l,
n n n n

Since lim M(Sx,, Tx,, t) =1, implies lim M(STx,,, TSx,, t)

X—>00 X —>00
= M(S(%), T(0), t) = M(3,0,t)<1,¢t>0, so that (S,7T) is compatible,
which implies continuity.

A collection of all non-empty closed sub sets of X denoted by C(X), or
generally a collection of closed bounded sub sets of X, by CB(X), we define a
function Mg (A, B, t) on CBX)x CB(X)x (0, ©) defined as follows:

My(A, B, t) = = min{ Ii)n]g M5(A, b, t), in£ Ms(a, B, t)} for
[S] ae

t
[+ HA B)
any A, BeCBX) and ¢>0, where M(D,c,t)= M, D,t)

= sup M(c, d, t). For all A, Be CB(X), Ms(A, B,t) and Mp(A, B, t) be
deD

the functions defined by

M;s(A, B, t) = =inf{My(a, b,t): a € A, b € B}

t
t +8(A, B)
and
t )
Mp(A, B, t) = [TDADB) - sup{My(a, b, t): a € A, b € B}
If A is a singleton i.e. A = {a} we write Ms(A, B, t) = Ms(a, B, t)
If B is also a singleton i.e. B = {b} we write Ms(A, B, t) = Ms(A, b, t)
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It follows immediately from the definition that

Ms(A, B,t) = Ms(B, A, t) <1

M;5(A, B, t) > Ms(A, C, t)+ Ms(C, B, t)

M5(A, B, t)=1< A=B=1{a}

Ms(A, A, t) =1 = dim(A)

For the collection of compact subsets CB(X) the function My(A, B, t)
satisfies the conditions (Fgy —1)— (Fgy —5). Also for all x € A, y € B,
x,ye X,t >0,

Mp({x}, iy} ) = Mp(x, v, 1)

Lemma 2.1[21]. If A cCBX), then xeA if and only if
Mys(x, A, t) =1, for t > 0.

The study of hybrid contractions, i.e., contractive conditions involving
single valued and multi valued maps, initiated independently by Singh and
Kulshrestha [28].

Definition 2.4. Let F : X - CB(X) and G : X — X. The pair (F, G)

is called a hybrid contraction, if for some 0 < a < 1 and for all x, y, € X,
H(Fx, Fy) < adGx, Gy).

Definition 2.5. Let (X, M, *) be a fuzzy metric space and CB(X) is the

collection set of all non-empty closed bounded subsets of X, and let

F:X >CBX) and G:X — X. The pair (F,G) is called a hybrid

contraction, if for some o > 1 and for all x, y € X,

Hy(Fx, Fy, t) > ady(Gx, Gy, t), t > 0.
3. Implicit Relations

Let F* be the set of all continuous functions F(t, to, t3, ty, t5, tg)

: (R*)® - R* satisfying the following conditions for all u = 0, v > 0 as
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(Ca) J-F(u, v, U, U, utv, 1)

0 &(t)dt > 0, implies u > v.

F
(Gy) .[0 @ v, w0, 1, ) d(t)dt > 0, implies u > v.

(Cl) J~F(u, u, 1,1, u, u)

0 dt)dt >0, forall u e [0, 1] = u = 1.

where ¢ : R" — R is a Lebesgue integrable mapping which is summable.

Example 3.1. Let F(ty, to, 3, ty, t5, tg) = t; — maxity, t3, ty} + bits + tg},

3n 3t . "
b >0 and ¢(t) = - Cos , forall tin R". Then
o) 41+t A1 +¢)

F(u, v, v, u, u+v,1)  3x 3t
. >
(c,) J.O IR COS I + 1) dt > 0,
u-max(v, v, u)+b(u+v+1)
ie. I 8 5 * COS St dt >0,
0 A1 + t) A1 +1)

Now if u < v = u < u, which is contradiction, so we take u > v. Thus,

. 3n(u — ) . L
sin 7 W= >0, which implies u >v, where A= (1-05)/(1+b).

Similarly,

F 1
(Cb) J‘O (@, v, u, v, 1, u+v) 31 3t dt >0,

- COS
41+t 41 +¢)

3m(u — Av) A
mZO:LLZU,andX—(l b)/(1+b).

(Cy) Further for

Implies sin

F(u,u,1,1, u,u) 3g 3t
A=0-0)/1+Dd), - cos dt >0, S0
( I ) J.o 401+t 41 +¢)
sin—-30%T__ () for all uel0,1]]=>u=1.
201 + 2bu) 7 ’

The following examples are also proved for the ¢ function of given above.
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Example 3.2. If F(t, tg, i3, ty, t5, tg) = t — c max{ly, t3, t4, t5 x tg},
where (C,), (Cy) and (C;) proved as in example 3.1.
Example 3.8. If F(t, to, ts, t4, t5, tg) = t; — max{ty, 1/2(t5 +t4),
Jt5 + g}, where (C,), (Cy) and (C;) proved as in example 3.1.
Example 3.4. If F(ty, to, ts, t4, t5, tg) = t; — max{ts, t3, t, 1/2(t5 + tg),
byts - tg ), where (C,), (Cp) proved as in example 3.1 and for

3bun <
2(1 + 2bu)

Flu,u,1,1,u,u) 3n 3nt
- cos
(@) .[0 401 +t)? A1 +1¢)
Vuelo,l]=u=1.

dt >0, so sin 0,

Remark 3.1. In above examples, we observe that
3n

3t . . ..
t) = - cos , 1s negative for ¢ € (2, ), positive for ¢ € [0, 2

and vanishes at ¢ = 2.

4. Fixed Point Theorem

Let T: X — CB(X) be a set valued mapping in a fuzzy metric space
X, Ms, ). If x € Tx, then an element x € X is called a fixed point of T
5

Remark 4.1. Let Y be a finite subset of a standard fuzzy metric space
(X, My, *). Then Y is compact.

Theorem 4.1. Let I, J be self mappings of a fuzzy metric space

(X, My, *) and f, g : X — CB(X) two set valued mappings satisfying
1) U f(X) c J(X) and Ug(X) c I(X)

(ii)> Their exists F € F* such that

F{Ms(fx, gy, t), My(Ix, Jy, t), Ms(Ix, fx, t), My(Jy, gy, t), Mp(Ix, gy, t), Mp(Jy, fx, t)}
(A]) ole)dt > 0,
0

which implies u > v, V x, y € X and for which at least one of My(Ix, Jy, t),

Ms(Ix, fx, t) and Ms(Jy, gy, t) is positive, where F e F* satisfies the
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properties (C,), (Cp) and (C;) and ¢: R" — R is a Lebesgue integrable

mapping which is summable.

(iii)” The pair {f, I} and {g, J} are weakly compatible,

(vi)’ The mapping f and I are continuous.

Then there exists a unique point u € X such that fu = gu = {u} = {Iu}
= {Ju}.

Proof. Let ¢ = inf{My(Ix, fx, t) : x € X}. Since (X, My, *) is compact
fuzzy metric space, there is a convergent sequence {x,} with limit x; in X

such that lim My(Ix,, fx,,t) =& Since Ms(Ixo, fxg, t) = My(Ix,, fx,, t)
X—>00

+ Mjs(fx,, fxo, t) therefore by the continuity of fand I and lim x,, = xy, we
X—>0

get
My (Ixg, fxg, t) = € = Ms(Ixg, fxo, t) = &

Since Uf(X) < J(X) and Ug(X) < I(X), there exists a point y5 € X

such that Jyy € fxg and My(Ixgy, Jyg, t) > €. If € > 1, then, by (ii)” we have

IF{Ms(fXOygyo;t), Mg(Ixg, Jyg,t ), Ms(Ixo, fxo,t), Ms(Jyo, &¥0, 1), Mp(Ixg, g0, t), Mp(Jyo, fxo’t)}d)(t)dt -0

0

) F{Ms(fxo, gv0,t), ¢ € Ms(Jyg, gy0,t), Ms(Ixg, &g, )+e, 0}
ie j &(t)dt >0,
0

By (C,) it implies Mg(fxy, @vg.t) > ¢ and hence M;s(Jyy, gvo,t)
> My(fxg, gvo,t) > & Since Ug(X)c I(X), then there exists a point zy € X
such that Izy € gyg and My(Iz), Jyy, t) > &. Now, since My(Izy, Jyg,t) =
My(Izy, Jyg, t) 2 € > 1, then we have,

J'F{Ma(fzo,gyo,t), Mg (Izp, Jyo,t ), Ms(Iz0, fz0, ), Ms(Jyo0, g0, 1 ), Mp(Iz0, 80,1 ) Mp(Jyo, f20,t)}
0

¢(t)dt =0,

1.e.
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J‘F{Ms(fzo,gyo,t), My (Jyo, g0t ), M5(f20, 8Y0,t), Ms(JIvo, 8v0, ), 1, Ms(fz0, g0, ), Ms(Jyo, fzo’t)}d)(t)dt >0

)
which by (Cp), yields  Mg(fz, &vo, t) > Mg(Jyy, @y, ¢), but  then,
e < Ms(Izg, fzg, t) > Ms(fzq, &9, t) > Ms(Jyg, 89, t) > &, which is a contradiction.

Thus & =1. Then we get {Ixg} = {Jyg} = fxo. If Mg(Jyy, gvo,t) <1, then by
(i1)°, we have

J‘F{Mﬁ(fxo,gyo,t), M(Ixg, Iy, t), Ms(Ixg, fxo, t), Ms(Jyo, g0,t ), Mp(Ixg, g0,t), MD(Jyo,fxo,t)}(b(t)dt -0

0

, F{Ms(Jyo, gv0,t): 1,1, M5(Jyo, 8¥0,t ), Ms(Jyo, 8Y0,t), 0}
ie j &(t)dt >0,

0
which, by (C;), implies that Mg(Jyy, gvy,¢) >1, a contradiction. Thus
Mg(Jyg, gy, t) = 1, and so gyy = {Jyp}. Therefore

{Ixo} = fxo = {0} = {80} = P} (4)

Then, by weak compatibility of the pair {f, I}, we have

fo = filxo} = {Ifxo} = {Ip}. ®)
If Ip # p = Jyy, then by an application of (ii), we have

IF{Ma(fpo,gyo»t),Md(Ipo,Jyo,t),Ma(Ipo,fpo,t),M@(Jyo,gyo,t),MD(Ipo,gyo»t),MD(Jyoyfpo,t)}d)(t)dt>0

0
(6)
Now using, (4), (5) and (6), we get

J'F{Ms(fp, p,t), Ms(fp, p,t), 1,1, My(fp, p,t), Mgq(fp, p,t
0

)}d)(t)dt >0,

which, by (C}) is a contradiction. Therefore M,(fb, p, t) = 1, and hence
fo = {p} and so fp = {Ip} = {Jp}. (7)

Now, since J and g are weakly compatible {Jp} = {Jgy} = gy = gp.
Suppose Ip # Jp, then M,(Ip, Jp,t) <1 and so
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J'F{Ms(fp, gp,t), Mq(Ip,Jy,t), Ms(Ip, fp,t), Ms(Jp, gp,t ), Mp(Ip, gp,t ), Mp(Jp, fp.t

) )}d)(t)dt >0,

, IF{Md(Ip,Jp,t),Md(lp,Jp,t),l,l,Md(Ip,Jp,t),Md(Ip,Jp,t)}
1.e.

o(t)dt >0,
0

which by (C;) is a contradiction. Thus Ip = Jp and hence fp = gp = {Jp}
= {p}. Suppose, ¢ be a point such that, i.e. fqg = gg = {Iq} = {Jq} = q, then,

by (i1)” we have,

J‘F{Ma(fp, gq,t), Mq(Ip,Jq,t), M5(Ip, fp,t), M5(Jg, gg,t), Mp(Ip, gg,t), Mp(<Jq, fp,t

A )}d)(t)dt >0,

. J-F{Md(p,q,t),Md(p,q,t),l,l,Md(p,q,t),Md(p,q,t)}
1.e.

o(t)dt >0,

which by (C;), yields My(p, ¢,t) =1, and so p = q.

Theorem 4.2. Let A, B, S and T be self mappings of a fuzzy metric space
(X, M, *) satisfying the following conditions

(1) S(X) < B(X) and T(X) < A(X)
(ii)* Their exists F € F* such that

F{M(Sx, Ty, t), M(Ax, By,t), M(Ax, Sx,t), M(By, Ty, t), M(Ax, Ty, t), M(Sx, By, t)}
(Co) j ¢(t)dt 20,
0

for all x,ye X for which at least one of M(Ax,By,t), M(Ax,Sx,t) and
M(By, Ty, t) is positive, where F e F* satisfies the properties (C,)’, (Cp)

and (C) and ¢: R" - R is a Lebesgue integrable mapping which is

summable.
(iii)” The pair {S, A} and {T, B} are weakly compatible,
(iv)” The mapping A and B are continuous.

Then there exists a unique common fixed point u € X. Further u is a

unique common fixed point of A, B, S and T.
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Proof. Let ¢ = inf{M(Ax, Sx,t) : x € X}. Since X is compact space,
there is a convergent sequence f{x,} with limit x; in X such that

lim M(Ax,, Sx,,t) =g Since M(Axy, Sxg, t) < M(Axy, Ax,,, t)

X —>00
+ M(Ax,, Sx,, t)+ M(Sx,, Sxq, t) therefore by the continuity of S and A
and lim x,, = xp, we get M(Axg, Sxg, t) > ¢ and that

X —>00
M(Aan San t) =G

Since S(X) < B(X), there exists a point y5 € X such that By, e Sxy

and

M(Axy, By, t) > ¢

If ¢ > 0, then, by (ii)° we have

5 F{M(Sxo,Tyo,t), M(Axo,Byo,t), M(AxO,Sxo,t), M(Byo,Tyo,t), M(Axo,Tyo,t), M(Sxo,Byo,t)}
(Co | ble)dt >0,
0

. F{M(Sxg,Tyg,t), g, M(Sxg, Tyg,t), M(Sxqg, Tyg,t)+s,1}
ie J. &(t)dt >0,

0
By (C,) it implies M(Sxy, Tvg.t) > ¢ and hence M(Bxy, Ty, t) >
M(Sxg, Tyy, t) > ¢ Since T(X) < A(X), then there exists a point zy € X such

that Azy e Typ and M(Azg, Byy, t) > c. Now, since M(Azg, Byy,t) = ¢ > 1.

Then, we have,

J-F{M(SZO, Tyo,t), M(Azg, By, t), M(Azg, Szo,t), M(Byo, Tyo, t), M(Azq, Tyo, t), M(Szp, Byo’t)}q)(t)dt 0

0

ie J-F{M(Szo, Tyo,t), M(Byo, Ty, t), M(Szo, Tyg,t), M(Byy, Tho, t), 1, M(Szq, Tyg, )+ M(Byo, Tyo, t

)}cl)(t)dt >0,
0

which by (C,) yields, M(Szy, Tyy, t) > M(Byy, Ty, t), but then,
¢ > M(Azy, Sz, t) > M(Szy, Tyy, t) > M(Byy, Typ, t) > ¢, a contradiction.

Thus ¢ =1, then we get Axy € Byy = Sxg. If M(Byy, Typ, t) <1, then

by (ii)° we have
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F{M(S.’xo, Tyo, t), M(Axo, Byo, t), M(Axo, Sx(), t), M(Byo, Tyo, t), M(Axo, Tyo, t), M(Sx(), By(), t)}
I o()de =0,
0

. J.F{M(By07 Ty()’ t),].,]., M(By09 TyO:t), M(ByOa Ty09t)
1.e

}d)(t)dt >0,
0

which, by (C;), implies that M(Byg, Tyy.t) > 1, a contradiction. Thus
M(Byg, Typ, t) = 1 and so By, = Tyy. Therefore Axy = Sxg = Byy =Ty = 1.
(8)
Then, by weak compatibility of the pair {A, S} we have

Al = SAl, = AS], = AL )

If Sly # I = By, then by an application of (ii)’, we have,

F{M(SL, Ty, t), M(AL Byy,t), M(AL Si,t), M(Byp, Tyo, t), M(AL Tyo,t), M(SI, Byo, 1)}
I &(t)dt >0,
0

Now using, (8), (9) and (10), we get

F{M(SI, 1, t), (S, 1,t),1,1,(SL 1, t), (SL 1, ¢)}
j o(t)dt > 0,

0

which, by (C), is a contradiction. Therefore M(SI, 1, ¢) = 1, and hence
Sl ={l} andso Sl = Al=1. (11)

Now, since B and 7T are weakly compatible Bl = BTy, = TBy, = TL
Suppose Al # Bl, then M(AL Bl t) <1, and so

F{M(SL,Tl,t), M(AL Bl t), M(AL Si,t), M(BL, Tl,t), M(AL Tit), M(SL, Bl,t)}
I &(t)dt >0,

0
J-F{M(Al, Bl t), M(Al, Bl,t),1,1, M(AL, Bl,t), M(AL Bl t)
1.e

}q)(t)dt >0,
0

which by (C;), is a contradiction. Thus Al = Bl, and hence Sl =Tl = Bl =1.
Suppose, m be a point such that, i.e. Sm =Tm = Am = Bm = m. Then, by

(i1)° we have, if
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F{M(Sl, Tm,t), M(Al, Bm,t), M(Al, SI,t), M(Bm, Tm,t), M(Al, Tmt), M(Sl, Bm,t)}
I o(t)dt >0,
0

F{M(l, m, t), M(l, m, t),1,1, M(I, m, t), M(l, m, t)}
ie I d(t)dt > 0,

0
which by (C;), yields M(l, m, t) =1 = | = m. Hence the theorem.

For ¢(f) =1 in theorem 4.1, we obtain the result of Saini et al. [25] as
follows:

Corollary 4.1. Let I, J be self mappings of a compact fuzzy metric space
(X, My, *) and f, g:X — CB(X) two set valued mappings satisfying
@), (1), and (v) and (i) F{Ms(fx, gy, t), My(Ix, Jy, t), Ms(Ix, fx, t),
Mjs(Jy, gy, t), Mp(Ix, gy, t), Mp(Jy, gy, t)} > 1 forall x, y € X for which at
least one of My(Ix, Jy, t), Ms(Ix, fx, t) and Ms(Jy, gy, t) is less than unity,

and F € F*. Then there exists a unique point u € X such that fu = gu
= {u} = {Iu} = {Ju}.

Corollary 4.2. Let I, J be self mappings of a compact fuzzy metric space
(X, My, *) and f, g:X — CB(X) two set valued mappings satisfying
1), (i1)°, and (iv) and

e ons [FAMs(fx, gy, 1), Mg(Ix, Jy, t), M5 (Ix, fx, t), M5(Jy, gy, t)
(i) &(t)dt >0,
0

and F{Ms(fx, gy, t)} > F{My(Ix, Jy, t), Ms(Ix, fx, t), Ms(Jy, gy, t)} for all
x, y € X for which the right hand side of the inequality (ii)° is less than
unity, where F e F*, satisfies the properties (C,), (Cy) and (C;) and
o) : R* — R" is Lebesgue integrable mapping which is summable. Then

f, g, I and J have a unique common fixed point.

Proof. Follows from theorem 4.1, we get proof easily, which is extension
of Fisher theorem [7] to integral type of implicit relations in fuzzy metric

space.

Advances and Applications in Mathematical Sciences, Volume 21, Issue 8, June 2022



4860

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

(13]

[14]

(18]

[16]

(17]

RAJESH KUMAR SAINI and MUKESH KUSHWAHA
References

M. A. Ahmed, Common fixed point theorems for weakly compatible mappings, Rocky
MJM. 33 (2003), 1189-1203. https://www.jstor.org/stable/44238948

M. Abbas, B. Ali and A. A. Harandi, Common fixed point theorem for hybrid pair of
mappings in Housdorff fuzzy metric spaces, Fixed Point Theory Appl. (2012), 2-12.
DOI.org/10.1186/1687-1812-2012-225.

N. A. Asad and W. A. Kirk, Fixed point theorems for set valued mappings of contractive
type, Pacific J1. of Math. 16 (1972), 553-562. D0OI1.10.2140/pjm.1972.43.553

M. A. Ahmed and H. A. Nafadi, Common fixed point theorems for hybrid pairs of maps in
fuzzy metric spaces, Journal of the Egyptian Mathematical Society 22(3) (2014), 453-458.
DOI.org/10.1016/j.joems.2013.10.006.

S. Banach, Sur les operations dansles ensembles, absraites et leurs applications, Fund.
Math. 3 (1922), 133-181.

A. Branciari, A fixed point theorem for mappings satisfying a general contractive
condition of integral type, International Journal of Mathematics and Mathematical
Sciences 29(9) (2002), 531-536. DOIL.org/10.1155/S0161171202007524

B. Fisher, Common fixed points of mappings and set-valued mappings on metric spaces,
Kyungpook MdJ. 25 (1985), 35-42.

J. X. Fang, On fixed point theorems in fuzzy metric spaces, Fuzzy Sets and Systems 46
(1992), 107-113. DOI.org/10.1016/0165-0114 (92)90271-5

M. Grabiec, Fixed points in fuzzy metric spaces, Fuzzy Sets and Systems 27 (1988), 385-
389. DOI.org/10.1016/0165-0114(88)90064-4.

A. George and P. Veeramani, On some results in fuzzy metric spaces, Fuzzy Sets Syst. 64
(1994), 395-399. DOI.org/10.1016/0165-0114(94)90162-7.

V. Gregori and A. Sapena, On fixed-point theorems in fuzzy metric spaces, Fuzzy sets
and systems 125(2) (2002), 245-252. DOI.org/10.1016/S0165-0114(00)00088-9

S. H. Hong and Y. Peng, Fixed points of fuzzy contractive set-valued mappings and fuzzy
metric completeness, Fixed Point Theory Appl. 276 (2013). DOI.org/10.1186/1687-1812-
2013-276

D. Klim and D. Wardowaski, Fixed point theorems for set valued contractions in metric
space, JMAA, (2007). DOI.org/10.1016/j.jmaa.2006.12.012

S. Kasahara and B. E. Rhoades, Common fixed point theorems in compact metric spaces,
Math. Japonica 23(2) (1978), 222-279.

I. Kramosil and J. Michélek, Fuzzy metrics and statistical metric spaces, Kybernetika 11
(1975), 326-334. Zbl 0319.54002

Y. Liu and Z. Li, Coincidence point theorems in probabilistic and fuzzy metric spaces,
Fuzzy Sets Syst. 158 (2007) 58-70. DOLorg/10.1016/j.fss.2006.07.010

R. J. Lopez and S. Romaguera, The Hausdorff fuzzy metric on compact sets, Fuzzy Sets
and Systems 147 (2004), 273-283. DOI.org/10.1016/j.fss.2003.09.007.

Advances and Applications in Mathematical Sciences, Volume 21, Issue 8, June 2022



[18]

(19]

[20]

(21]
[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

HYBRID FIXED POINT THEOREMS FOR INTEGRAL TYPE ... 4861

D. Mihet, On fuzzy contractive mappings in fuzzy metric spaces, Fuzzy Sets and Systems
158(8) (2007), 915-921. DOI.org/10.1016/j.fss.2006.11.012

D. Mihet, On the existence and the uniqueness of fixed points of Sehgal contractions,
Fuzzy Sets and Systems 156 (2005) 135-141. DOI.org/10.1016/j.fss.2005.05.024

N. Mzoguchi and W. Takahasi, Fixed point theorems for set value mappings on complete
metric space, JMAA, 141 (1989), 177-188.
S. B. Nadler, Multi-valued contraction mappings, Pacific J. Math. 30 (1969), 475-488.

V. Popa, A general fixed point theorem for weakly compatible mappings in compact
metric spaces, Turk. J. Math. 25 (2001), 465-474.

V. Popa, A general coincidence theorem for compatible multi-valued mappings satisfying
an implicit relation, Demonsratio Math. 33 (2000), 159-164. DOI.org/10.1515/dema-2000-
0119.

H. K. Pathak and R. K. Verma, An integral type implicit relation for converse
commuting mappings, Int. J1. Math. Anal. 3(24) (2009), 1191-1198.

S. Phiangsungnoen, P. Thounthong and P. Kumam, Fixed point results in fuzzy metric
spaces via o and B admissible mappings with application to integral types, Journal of
Intelligent and Fuzzy Systems 34 (1) (2018), 467-475. DOI: 10.3233/JIFS-17350

R. K. Saini, A. Jain and V. Gupta, Common fixed point theorem for R-weakly commuting
fuzzy maps satisfying a general contractive condition of integral type, International J. of
Math. Sci. and Eng. Appl. 2(II) (2008), 193-203.

B. Schweizer and A. Sklar, Statistical metric spaces, Pacific Journal of Mathematics
10(1) (1960), 313-334.

S. L. Singh and K. Chitra, Coincidence theorems in metric spaces, Indian J. Phy. Natur.
Sci. 2B (1982), 19-22.

G. Song, Comments on A common fixed point theorem in a fuzzy metric space’ Fuzzy
Sets and Systems, May 135(3) (2003), 409-413. DOIL.org/10.1016/S0165-0114(02)00131-8
R. Tiwari and S. Rajput, fixed point results for (a-BK,¢-¥) integral type contraction

mappings in fuzzy metric spaces, Communications in Mathematics and Applications
12(1) (2021), 1-17. DOL: 10.26713/cma.v/2i1.1476

L. A. Zadeh, Fuzzy sets, Information and Control 8 (1965), 338-353.
DOI.org/10.1142/9789814261302_0021

Advances and Applications in Mathematical Sciences, Volume 21, Issue 8, June 2022



