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1 Introduction

In 2007, Huang et al. [1] introduced the concept of cone metric space and proved some
fixed point theorems for the underlying cone. In [2] Abbas et al. presented some noncom-
muting mapping results in cone metric spaces without continuity. After that, a series of
authors (see [3—11]) contributed their ideas to the problems on cone metric spaces.

The initial version of fuzzy set theory was given by Zadeh [12], while Kramosil et al. in
[13] introduced the fuzzy metric space or (shortly FM-space). Later on, a stronger form
of the metric fuzziness was given by George et al. [14]. Some more related results in the
context of fuzzy metric space can be found (e.g., see [15-19]).
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Recently, Oner et al. in [20] introduced the concept of fuzzy cone metric space or shortly
FCM-space. They presented some basic properties and a fuzzy cone Banach contraction
theorem in a fuzzy cone metric space with the assumption that fuzzy cone contractive
sequences are Cauchy. Some more properties and fixed point results in FCM-spaces can
be found (e.g., see[21-26] and the references therein).

The aim of this paper is to obtain some coincidence point and common fixed point
results for weakly compatible self-mappings in FCM-spaces. We also give the concept
of quasi-contraction for weakly compatible self-mappings and establish some common
fixed point theorems. Moreover, we present an integral type application from which we
obtained the existence of fixed point results. The application of integral equations in fuzzy
cone metric spaces is the new direction in the theory of fixed point. This new concept of
application will be very fruitful for finding the existence solution of integral value problems
on FCM-spaces. For this purpose, we use the two Urysohn integral type equations for
common solution to support our results. We also present some illustrative examples to

support our work.

2 Preliminaries
In this section, we present some basic definitions and a helpful concept for our main re-
sults.

Definition 2.1 ([27]) An operation *: [0,1] x [0,1] — [0, 1] is a continuous s-norm if the
following hold:
(1) * is commutative, associative, and continuous.
(2) 1% B =pBand B * B <8 =81, whenever, 8 <8 and B; < 8y, for each
B,B1,8,81 €[0,1].

The basic continuous s-norms of product, Lukasiewicz, and minimum are defined re-
spectively as follows (see [27]):

Bxd6=p96, Bx8=max{B+8-1,0}, and B =*3=min{B,3}.

Definition 2.2 ([14]) A three-tuple (X, M, «) is said to be a fuzzy metric space if X is an
arbitrary set, * is a continuous s-norm, and M is a fuzzy set on X? x (0, 00) satisfying the
following conditions:

(i) M(x,y,s)>0and M(x,y,s) =1 < x=y;

(i) M(x,y,s) = M(y,x,s);

(ili) M(x,y,t+s) > Mx,z,t) * M(z,,5);

(iv) M(x,y,-):(0,00) — [0,1] is continuous;
Vx,y,z€ X and s,¢ > 0.

For more details, we shall refer the readers to study [14].

Definition 2.3 ([1]) A subset P of a real Banach space E is called a cone if
(1) Pis closed, nonempty and P # {#}, where ¥ is the zero element of E.
(2) Ifx,y e Pand 8,8 € [0,00), then Bx + §y € P.

(3) If both x,—x € P, then x = ¥.
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A partial ordering “<” for a given cone P on E is defined as y <x iffx —y e P. y < x
stands for y < x and y # x, while y < «x stands for x — y € int(P). Throughout this paper, all
the cones have nonempty interior.

Definition 2.4 ([20]) A three-tuple (X, M, x) is known as a fuzzy cone metric space (FCM-
space) if P is a cone of E, X is an arbitrary set, * is a continuous s-norm, and a fuzzy set M
on X2 x int(P) satisfies the following:

(1) M(x,y,s)>0and M(x,y,8) =1 x=y;

(2) M(x’y’ 5) = M(%x, s);

(3) M(x,y,s) * M(y,z,t) < M(x,2,s + t);

(4) M(x,y,-):int(P) — [0,1] is continuous;
Vx,9,z € X and s, t € int(P).

Remark 2.5 Every FM-space becomes an FCM-space if E=R, P = [0,00), and 8 % § = 86
[20-22].

Definition 2.6 ([20]) Let (X, M, x) be an FCM-space, x € X, and (x;) be a sequence in X.
Then,
(i) (x;) converges to x, if for s> ¢ and 0<r<1,3i; €N, s.t. M(x;,%,8) >1 —r, Vi > .
We denote this by lim;_, oo x; = x or x; — x as { — oo.
(ii) (x;) is said to be a Cauchy sequence if, for 0 < ¥ < 1 and s 3> 9, 3i; € N, s.t.
M(xi,x5,8) > 1 =1, Vi, j > iy
(iii) (X, M, =) is said to be complete if every Cauchy sequence is convergent in X.
(iv) (x;) is said to be a fuzzy cone contractive if 38 € (0,1) such that

1 1
1<
M(xi, %11, 8) - ﬂ(M(xi—lxxi:S) )

fors>,i>1.

Definition 2.7 ([25]) Let (X, M, *) be an FCM-space. The fuzzy cone metric M is trian-
gular if

1 1 1
— 1< —1)+(——1),
M(x,z,5) _<M(x,y,S) ) (M(y,z,S) )
Vx,y,z € X and each s > ¥.

Lemma 2.8 ([20]) Let x € X in an FCM-space (X, M, x) and (x;) be a sequence in X. Then
(%;) converges to x if and only if M(x;,x,s) — 1 as i — oo for each s > .

Definition 2.9 ([20]) Let (X, M, *) be an FCM-space, and a mapping F; : X — X is said to
be fuzzy cone contractive if 38 € (0, 1) such that

;_1<'3(¥_1> (2.1)
M(F1x, F1y,5) U\ Ml(x,9,5) '

for each x,y € X and s > 9. B is called the contraction constant of F;.
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Definition 2.10 ([2]) Let F; and ¢ be two self-mappings on a set X (i.e., F1,£: X — X).
If u = Fyv = Lv for some v € X, then v is called a coincidence point of F; and ¢, and u is
called a point of coincidence of F; and €. The self-mappings F; and £ are said to be weakly
compatible if they commute at their coincidence point, i.e., F;v = £v for some v € X, then
Filv=_Fv.

Proposition 2.11 ([2]) Let F; and € be weakly compatible self-maps of a set X. If F1 and £
have a unique point of coincidence u = F1v = Lv, then u is the unique common fixed point
of Fy and L.

Definition 2.12 ([28]) A pair (¢, F;) of self-maps on X is called occasionally weakly com-
patible if 3v € X such that €v = Fyv and Fy4v = £Fv.

Lemma 2.13 ([28]) Let F, and £ be occasionally weakly compatible self-maps of a set X. If
Fy and ¢ have a unique point of coincidence, F1v = £v = u, then u is a unique common fixed
point of £ and F;.

“A self-mapping F; in a complete FCM-space in which the contractive sequences are
Cauchy and hold (2.1), then F; has a unique fixed point in X” is a Banach contraction
principle, which has been obtained in [20].

We note that fuzzy cone contractive sequences can be proved to be Cauchy sequences
for weakly compatible self-mappings in FCM-spaces (see the proof of Theorem 3.1). In this
paper we use the concept of complete FCM-spaces given by Rehman and Li [25] and prove
some coincidence point and common fixed point theorems for weakly compatible three
self-mappings and some quasi-contraction results in FCM-spaces. Moreover, we present
some illustrative examples and the application of two Urysohn’s integral type equations

for the existence of common solution to support our work.

3 Weakly compatible mapping results in FCM-space
Theorem 3.1 Let Fy,F,, ¢ : X — X be three self-maps and M be triangular in a complete
FCM-space (X, M, ) satisfyingVx,y € X,

1 1 1
- o g<p(— -1 -1
MExFys) =P (M(fzx, 0.9 ) ' V(M(zx, Fins - MenEans) )

1 1
l— 1+ 1 (3.1)
M(Ly, F1x,s) M(x, Fpy,s)

foreverys> v and B8,y,5 € [0,00) with B +2y +25 < 1.If F1(X) UF,(X) C £(X) and £(X) is
a complete subspace of X, then F1, F,, and £ have a unique point of coincidence. Moreover,
if (F1,£) and (F, L) are weakly compatible. Then Fy, F, and € have a unique common fixed
point in X.

Proof Fix xp € X and use the condition F;(X) U F5(X) C ¢(X). We define some iterative
sequences in X such that

Ex2i+1 = le2i and Ex2[+2 = sz%_l, for all i > 0.
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Now, by (3.1) for s > ¢,

1 1
_1= _
M(Lx2i1,€%2142, ) M(F1%2i, Fo%xi41,8)

1 1 1
<Bl—— 1)+ 1+ -1
(M(ZxZinym'ﬂ;S) ) Y <M(£x2i;F1x2i»S) M(Lx2i41, Fo%is1,8) >

1 1
+ 8( -1+ - 1)
M(Lxgii1, F1%2i, S) M(Lxoi, Faxoini, )

1 1 1
<fl—— 1 +y( 1+ —1)
(M(me‘, £x241,S) ) M(€x21, €%2141,5) M(€x2is1,X2i42,S)

1 1
6( -1+ - 1).
M(Lxo, L9541, 5) M(Lxgisn, X242, )

Then

1 1
——15&(——1), for s > ¢,
M(€x201,€%2142, ) M(€x, £9i41,5)

B+y+8
1-(y+6)

where o = < 1. Similarly,

1
M(Cxoirg, Lois3,8)

L
M(Lxgisn, %042, S) M (Lx, £x9i41,5)
< o2 ; ~1),
M(Lxg, £x1,5)
which shows that a sequence (¢x;);>¢ is fuzzy cone contractive. Hence,

lim M(€x;, €xi41,8) =1 fors>> 9. (3.2)

I—> 00
Since M is triangular, for all j > i > iy,

1
— 1
M(Lx;, Lx, )

1 1 1
< (7_1>+(—_1)+...+<7_1)
M(x;, €xi41,8) M(Lxi1,€%042,5) M(lxj_1,Lx;,5)

, . , 1
f(Otl+OtH1+"'+Ol/71) _— -1
M(le)zxoys)

o 1
< -1
Tl-« (M(Exl,éxo,s) )

—0 asi— oo,

which shows that a sequence (£x;) is Cauchy sequence and £(X) is a complete subspace
of X. Hence Ju,v € X such that £x; — u = ¢vasi— oo, ie,

lim M(u, ¢x;,s) =1 fors> 0. (3.3)

1—> 00
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Since M is triangular, we have

1 1 1
— 1<|l———— 1)+ ————-1), fors>v. (34)
M(Lv, F1v,s) M(v, £xy;.,5) M(€x;40, F1v, )

Now by (3.1), (3.2), and (3.3), for s > ¥,

1 1
1= -1
M(Lx2i2, F1v,8) M(Fyxoi1, F1v,8)

1 1 1
< _ 1 -1 -1
=f (M(EV, i1, 9) ) Ty (M(zV, Fivs) " M1, Faxaint,s) )

1 1
+5<——————————1+——————————1)
M(Zx2i+1:F1V’S) M(£V1F2x2i+1:s)

1 1 1
B T )
M(Lv, £x2i11,5) M(Cv, Fyv,s) M(€x2i11,€X2i42,8)

1 1
Y (L P |
M(xois1, F1v,8) M, €x5;12,)

asi — oo.

(v +8)( —— 1
= 3arg )

Then,

1 1
li _— 1)< NN ——-1), f 7.
l?lsogp (M(fxznz,HV, s) > =+ )<M(u, Fiv,s) > ors >

Thus, from (3.3) and (3.4), we have

1 1
- 1)< N —m—-1), * 0.
(M(u,Flv,s) )_(y+ )<M(M,F1V,S) > ors>

y +38 < 1,since 8 + 2y + 28 < 1, then M(€v, F1v,s) = M(u, Fiv,s) = 1, i.e., u = Lv = Fyv.
Similarly, we can prove that u = £v = Fv. It follows that & is a common coincidence point
of the mappings ¢, F;, and F, in X such that u = v = Fyv = Fyv.
Now we prove the uniqueness of the point of coincidence in X for the mappings F, Fs,
and £. Let u* be the other point in X such that

u" = = Fiv* = Fyv*

for some v* € X. Then, by using (3.1) for s > ¢,

1 1
—-1= -1
M(u, u*, s) M(Fy1v, Fov*,s)

1 1 1
<Bl—— 1 -1 -1
- 'B(M(EV,ZV*,S) ) iR (M(Zv, F1v,5) * M(bv*, Fyv*,s) )

1 1
1) -1+ -1
M(ev*, F1v,s) MLy, Fyv*,s)

1 1 1
- ﬁ(M(u, u*,s) B 1) * V<M(u, u,s) -l M(u*, u*,s) a 1)
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1 1
+4 -1+ -1
M(u*, u,s) M(u, u*,s)

=B+ 25)<M—(u*1 i 1),

B +28 <1,since B + 2y + 28 < 1. Thus we get that M(u, u*,t) = 1, that is, u = u*. By using
the weak compatibility of (F, £), (F,£) and Proposition 2.11, we can get a unique common
fixed point of Fy, F,, and ¢, that is, £v = Fijv = Fv = v. O

By using the map ¢ = I, and by taking into account that every self-mapping is weakly

compatible with identity map, i.e., I, we can get the following corollary.

Corollary 3.2 Let (X, M, x) be a complete fuzzy cone metric space in which M is triangular
and the mappings Fy, F, : X — X satisfy

1 1 1 1
- 1<B[—-1 S [ —
M(Fix,Fry,s)  — ﬂ<M(x,y,S) ) * J/(M(x,le,S) ’ M(y, F2y,s) )

1 1
1) -1 -1 3.5
i <M(y,F1x,S) * M(x, F>y,s) > (35)

forall x,y € X,s > O, and B,y,8 € [0,00) with B + 2y + 28 < 1. Then F, and F, have a
unique common fixed point in X. Moreover, the fixed point of F is to be a fixed point of F,
and conversely.

Example 3.3 Let X = [0,1], * be a continuous ¢-norm, and M : X2 x (0,00) — [0,1] be

written as

M IN4) =
w9 =

Vx,y € X and s > 0. Then easily one can verify that M is triangular and (X, M, %) is a com-
plete FCM-space. Now we can define the mappings Fy, F;, € : X — X as

Flzzezzi and Ez:E
z+6 3

for every z € X. Then from (3.1) we have that

1 |Fx-Fy| 1| x y
M(Fyx, Fyy,s) s T slx+6 y+6
_ 1]x(y +6) - y(x +6)
s (x+6)(y+6)
1
< _

s

6x—-6y| 1 1 1
36 | 2\ M(tx, ly,s)

1 1 1
<Bl——— -1 -1 -1
- ﬂ(M(Zx, 2y,s) > i y(M(Ex,le,s) " M(Ly, Fpy,s) )

1 1
+8(———— 1+ —— 1.
M(Ly, Fix,s) M(Lx, Fyy,s)
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Hence all the conditions of Theorem 3.1 are satisfied with 8 = 1/2, y =2/15, and § = 1/9.
Thus, F, F>, and £ have a unique common fixed point in X, that is, 0.

4 Quasi-contraction results in FCM-spaces

Definition 4.1 Let (X, M, *) be an FCM-space, and let ¢, F; be two self-maps on X. Then
F; is called a fuzzy cone quasi-contraction (resp; £-quasi-contraction) if, for some g, €
[0,1), for all x,y € X and s > 1, there exists

M b b YM 7F 7 ’M YF 7 )
UeClxy,s) = (6,,5), M, Fys, ), M, Fry, 5) (4.1)
M(y, F1x,s), M(y, F1y,s)
M(lx, Ly, s), M(Lx, F1x,s), M(£x, F1y,s),
(resp;U € C(&;,,5)) = (b, £y, 5), ML, Fri, ), M(E: F1y, ) (4.2)
M(Ly, Fyx,s), M(€y, F1y,s)
such that
1 1<qf(t-1 (4.3)
MEwxFys)  —\u ™) '

Theorem 4.2 Let F1, € : X — X be two self-maps and M be triangular in a complete FCM-
space (X, M, x) such that F1(X) C £(X) and £(X) is closed. If F, is an £-quasi-contraction
with constant q. € [0, 1), then £ and F, have a unique point of coincidence. Moreover, if a
pair (£, F1) is occasionally weakly compatible, then F and € have a unique common fixed
pointin X.

Proof Fix xy € X and use the condition F;(X) C €(X). We construct a sequence (y;) in X
such that

yi= Fix; =€x;,1 foralli>0.

Now, we have to show that (y;) is a Cauchy sequence. First, we prove that

1 1<% ( 1 1) (4.4)
M(yi:yh—lﬂs) - 1—% M(yi—l:yiys) '

forall i > 1 and s > ¢. Indeed,

1 1
1= -1< — -1}, (4.5)
M©Yi,Yis1,5) M(Fix;, Fixi11,8) qc(ui >
where

U e M(le‘, Ele,S),M(Z?C,‘, leix S),M(le‘,leHl,S),
U7 | M€, Fii, s), M(€x141, Fixis,S)

M(yi:yi)s)yM(yiryHl) S)

= {M(Yi—l;yiys):M()/i—l;yHl:S); l,M()/i,ym,S)}— (4.6)

_ { M©Yi—1,Yi>8), M(Yi-1,Yi8), M(¥i_1, Yis1, ) }

Then we may have the following four cases:
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(i) First,

1 1
—  i<gq[——1
M(Yi,¥is1,8) _qc<M()/i1:)’i,S) >

qc 1 )
< -1), fors> 9.
1 _qC (1 4()’1‘—1;)’1‘»5)

Thus (4.4) holds as ¢, < g./(1 - q.) since ¢, € [0,1).
(i) Second, by using the M triangular property, we have

1 1
)
M©Yi,Yis1,S) M(Yi_1,Yi+1,5)

1 1
< -1+ -1
- qc(M(yil,yi,s) M(yi, yis1,5) )

qc 1 )
< -1), fors>¥.
1 _qC (1 4()’1‘—1;%‘»5)

It follows that (4.4) holds.
(iii) Third,

——— —1<g¢.0, whichimplies that M(y;, yi+1,5) = 1 for s > 9.
M©Yi,Yis1,S)

Hence (4.4) holds.
(iv) Fourth,

1 1
MY, Yis1,5) 1 (M()/i,ym;s) )
which implies M(y;, yi11,5) = 1 for s > 0.

In this case, immediately (4.4) follows since g, € [0,1).

Now, we may assume that § = 1‘_’; - <1, then we have that
! 1< 8< ! ) for s> v
——-1<§{ —— ), fors .
M(yi, yis1,S) M(yi-1,yi,5)

In view of (4.4),

;—155<;> S"'Sai(;>
M()’z’,yiu,s) M(yi—l’yirs) M()’O,th)

for all i > 1 and s 3> ¥, which shows that (y;) is a fuzzy cone contractive sequence in X
such that

lim M(y;,9i41,8) =1 fors> 0. (4.7)
1— 00

Since M is triangular, then for all j > i > iy,

1
S|
M(yi’yj)s)
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1 1 1
<{l—-1)+|l——--1 )+t | ——-1
(M()’i;yi+1;5) > (M(Ym;ynz;s) ) (M(ijyj,s) >
o ) 1
<(8+8H ... 4§t (7—1)
( ) M(yO:yl’S)

5 (g )
<2 (———— 1
1-8\M©yo,y1,5)

— 0 asi— oo,

which shows that (y;) is a Cauchy sequence in X. Since (X, M, *) is complete and £(X) is
closed, 3v € X such that y; = Fix; = €x;,1 — {vasi— oo, ie,

lim M(y;, ¢v,s) =1 fors>> v. (4.8)
11— 00

Now we have to show that £v = Fyv. By using the triangularity of M, we have

1 1 1
M Evs L= Giwngns 7Y GionEvs 1) 9. 4.9
M(Lv, F1v,s) - (M(EV,yi,s) ) + (M(yi,Flv,s) ) or s> (4.9)

By the definition of £-quasi-contraction, we have that

1 1 1
—-1= -1< c\ 57 — 1 » f '[9’ 4.10
M(y;, F1v,s) M(Fyx;, F1v,s) =4 (ui > or s> ( )

where

u M(in’ EV, S)’M(Kxi!lei!S))M(exi’ F1V7S);
"7 | M(ev, Fixi,s), M(£v, Fyv, s)

) M(xi, £y, ), M(€x;, £x111,8), M(Lx;, Frv, s),
| My, xi,1,5), M(£v, Frv,5)

— {1,l,M(Zv,Flv,s),1,M(€v,F1V,s)} asi— oo.
This implies
U — {1,M(tv,Fyv,5)} asi— oo

for s 3> . Then we have the following two cases:

Casei:IfU; — 1 asi— oo. Then from (4.8), (4.9), and (4.10), we get that M(€v, F1v,s) = 1
asi— oo for s> . Thatis, £v=Fiv=u.

Case ii: If U; — M(£v, F1v,s) as i — 0o. Then from (4.10) we have that

1 1
li —— -1)<g|—————-1]), f 0.
lfiigp<M(yi,F1v,S) ) =1 (M(Ev,Flv,S) ) ors>

Now, this together with (4.8) and (4.9) gives,

1 1
[E—_—— _ 1 ) f v,
M(v,Fyv,s) ~ — qc<M(£v,F1v,S) > o>
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Since g, < 1, therefore M(¢v, Fyv,s) = 1, i.e., £v = F1v = u. Thus from both cases we get that
Lv = F1v = u. Hence, the same as in Theorem 3.1, v is the coincidence point of (¢, F;) and
u is its coincidence point in X. The uniqueness of the coincidence point can be shown
by the standard way. By using Lemma 2.13, one can readily obtain that, when (¢, F;) is
occasionally weakly compatible, then « is a unique common fixed point of £ and F; in X. [J

Theorem 4.3 Let £ be a self-map on X and M be triangular in a complete FCM-space
(X, M, %) such that €% is continuous. Let the self-map F) : X — X that commutes with £.
Further, we assume that Fy and { satisfy

F1e(X) C £4(X), (4.11)

and let F, be an L-quasi-contraction. Then F, and £ have a unique common fixed point
inX.

Proof By condition (4.11), starting with fix xp € £(X), define a sequence (x;) in X such that
y;=Fix; =4€x;,1 fori>0,

as in Theorem 4.2. Now
2y = LF 1% = Filxpa =Fiy;=v; fori>1.

The same as in Theorem 4.2, we can get that (v;) is a Cauchy sequence and convergent to
some point v € X such that

lim M(€y;11,v,8) =1 fors>> 9.
1— 00
Further, we have to show that £2v = F; £v. Since,

lim €y; = lim £F1x; = lim Filx; = lim Fiy;; = lim v,y = v, (4.12)
I— 00 I— 00 1— 00 11— 00 =00

by the continuity of ¢2, it follows that

m £°x; = 1m 1Xi-1 =LV, .
lim ¢*x; = lim ¢3F 22 (4.13)

i—00 i—00

Now, by the triangular property of M, we have

1 1
— i< 1
M(€2v, F1v,s) M(£2v, £3Fx;, 5)

1
= ), 9 414
" (M(K3F1x,-,F1€v,s) ) ors > (414

and

1 1
-1= -1< — -1, 4.15
M(C3F x;, F14v,s) M(F03x;, F14v,s) - qc(Z/{i ) ( )
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where

M (€%, v, ), M(€*x;, F1 €%, 5), M(€2v, F1Lv,s),

U
‘< M (€, F10v,s), M(€2, F1£3x;,5)

(4.16)

Now, by using (4.13) for s >> ¥, we can get the following:

M(0*x;, 02v, s) — M(sz,£2v,s) =1 asi— oo,

M E4xi,F1E3xi,s) — M(E2v,£2v, s)=1 asi— oo,

(
(

M(€*x;, Fitv,s) — M(EZV,Fliv,s) asi— oo,
(

M EZV,F1£3xi,s) — M(sz,ﬁzv,s) =1 asi— oc.
Equation (4.16) can be written as
Ui € {1,1, M(€v, F1lv,s), M(£?v, F1v,s), 1} = {1, M(€>v, F1ev,s) }

as i — 00. Then we have the following two cases:

Case i: If U; — 1 as i — oo, then from (4.13), (4.14), and (4.15), we can get M(£2v, F1£v,
s) = 1, for s > ©. This implies that F;£v = £2v.

Case ii: If U; — M(£%v, F1£v,s) as i — 00, for s > ©. Then we have

lim sup fors> 9.

—————— -1 =<g\ ———-1),
ioo \M(L3Fx;, F14v,s) M(€2v, F1v,s)

This together with (4.13) and (4.14) leads to

1 1
M(€2v,Fitv,s) 1= qC(M(Ezv, Filv,s) 1)' fors > 9.

Since 0 < g, < 1, this implies that M(¢2v, F1£v,s) = 1, that is, F,£v = £2v. Thus from both
cases we get that F1£v = £2v. This implies that £v is the common fixed point of £ and F;.

Now we prove the uniqueness. Assume that £v = w such that Fyw = £w, and let w* be
the other common fixed point of the mappings ¢ and F; such that F;w* = £w*. Then, by
the standard way of £-quasi-contraction, easily we can get that w = w*. This completes the
proof. O

5 Application

In this section, we present an integral type application, which is the new direction in FCM-
spaces. For this purpose, we present the two Urysohn integral type equations, or shortly
UITES, to prove the existence result for common solution. Assume that X = [0, 1], and let
E be the real-valued functions on X. Then E is a vector space over R under the following

operations:
@+ =x) +y0),  (Bx)) = Bx(])
forallx,y e Eand 8 € R, and

P={x€Elx(l) >0,V [0,1]}.
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x is a continuous s-norm and an FM-space M : E x E x (0,00) — [0, 1] can be expressed

as

M(x,}’,S) = s where d(x,}’) = ||x—)’||

5
+d(x,y)’

for all x,y € E and s > 0. Then easily we can show that M is triangular and (E, M, %) is a
complete FCM-space.

Theorem 5.1 The two UITEs are

1
x(l) = f Ky (Lv,x(v)) dv + (D),
0
(5.1)

1
(1) = / Ka(lv,y()) dv + gD,
0
wherel € [0,1] and x,y,g € E.

Assume that Ki,K, : [0,1] x [0,1] x R — R are such that A,,B, € E for every x,y € E,

where

1
A = / Ki(Lv,x(v)) dv +g(l),
0

1 (5.2)
B,(l)= / K, (l, v,y(v)) dv+g(l),
0
where [ € [0,1]. If there exists ) € (0, 1) such that, for all x,y € X,
|Ax = Byll < AN(x,y), (5.3)

where

N(x,y) = max{llx = yll, (145 = x]| + 1By = y1l), (14x = y1| + 1By — x]) }.
Then the two UITEs (5.1) have a unique common solution.

Proof Define the mappings F;,F,¢:E — E:
£(x) = x, Fi(x)=A, and Fy(y)=B,.
If
N(x,y) = llx=yl,

then

|F1(x) - F20)| < 81l =y,
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Vx,y € E, by Theorem 3.1 with A = 8 and y = § = 0 in Theorem 3.1. Then the two UITEs

(5.1) have a unique common solution. If
N(x,y) = [|Ay — [ + 1B, - yll,
then

|F16) - BO)| < (| Ev@) -] + | E200 -y

),

Vx,y € E,by Theorem 3.1 with A = y and 8 = § = 0. Then the two UITEs (5.1) have a unique

common solution. Again, if
N(x,9) = [Ax =yl + 1By — %],

then

),

|F1(x) = B)| < A(|Frx) -y + | F2(9) - %

Vx,y € E, by Theorem 3.1 with A = § and 8 = ¥ = 0. Then from the two UITEs (5.1), we

have a unique common solution. d
Now, we present a special type of example for UITEs.

Example 5.2 Let X = [0,1] and the following integral equation be of the form

’

1 1
’“‘”:/0 3 iva

!

+ 2

3

! 1 [

@) :/0 3(/+1+y(v) v+ 3

(5.4)

The problem system of equations (5.4) is a special kind of problem system of equations
(5.1), where g(/) = £ and [ € [0,1], and

1
I' » Vo Wi = ’ h ’:1’2'
(,(l v w(v)) 30T Lm0 where i

Then we have

” B 1 1
)= H 3U+1+x(v) 3(+1+y)

i ;” *() - y() H
3 +1+x(m)U+1+yW)

||K1 (l, v,x(v)) .y (l, v,y(v)

|

1
=3 lx() =y

1
:_N 2y V)
S NG)
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where N(x,y) = [lx(v) — y(v)||. Now, we have to show that ||A,(/) — B, (/)| < AN(x,y), from

the system of equations (5.2), we have

1 1
|Ax(2) - B, = H/ Ki(Lv,x(v)) dv —/ K(Lv,y(v)) dv
0 0

1
:/0 ||I(1(l,V,x(v))—1(2(l,v,y(v)) H dv
1
< [ 3ls0-5w]ay
11
:/0 §N(x,y)dv

1 1
==N(x,y) / dv
3 0

1
= =N(x,y).
3 ()

Hence, all the conditions of Theorem 5.1 with A = % < 1 hold. The problem system of

equations (5.4) has a unique common solution by using Theorem 5.1.

6 Conclusion

We defined weakly compatible self-mappings in fuzzy cone metric spaces and proved
some coincidence point and common fixed point theorems under the fuzzy cone contrac-
tion condition without the assumption that fuzzy cone contractive sequences are Cauchy
by using the “M triangular condition” This change, to use “M triangular condition” to
weaken the “fuzzy cone contractive sequences are Cauchy’; is expected to bring a wider
range of applications of fixed point theorems in fuzzy cone metric spaces. We also gave
the concept of quasi-contraction and proved some common fixed point theorems in fuzzy
cone metric spaces. Moreover, we presented an application of the two Urysohn integral
type equations for common solution to support our result. We also presented some illus-

trative examples to support our theoretical work.
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