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Abstract

In this manuscript, we extend the notion of (¢, y) - weak contraction to intuitionistic generalized fuzzy cone
metric space by employing the idea of altering distance function. We also obtain common fixed point theorems in
intuitionistic generalized fuzzy cone metric space, which extend and generalize the several known results in the

literature.
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1. Introduction

In 1965 Zadeh [16] defined fuzzy set which is a real
tool for the understanding of many phenomena, not only in

the field of mathematics but also in other fields of science.

Atanassov [3] bring a new notion called intuitionistic fuzzy set
which provides a very suitable tool to describe the uncertain
or impressive decision information. In 2007 Shaban Sedghi
[14] introduced D*-metric which is a probable modification
of the definition of D-metric introduced by Dhage. Park [11]
gave the notion of intuitionistic fuzzy metric space which
is a generalization of fuzzy metric space due to George and
Veeramani [4]. Huang and Zhang [5] defined the concept of
cone metric space and proved some fixed point theorems for
contractive mappings. Later Tarken Oner et al [9] introduced
fuzzy cone metric space that generalized the corresponding

notions of fuzzy metric space. In 1984, Khan et al [8] em-
ployed the idea of altering distane function in metric fixed
point results. In 2010 Vetro et al [15] defined the notion of
(¢, w)- weak contraction in fuzzy metric space. Recently,
Bag et al [2] extend the notion of (¢, y)-weak contraction in
intuitionistic fuzzy metric space and proved some fixed point
theorems by using the altering distance function. For more
results on fuzzy metric space and fuzzy cone metric space one
can see the research papers in ([1], [6], [10], [12], [13])

The purpose of this paper is to extend and generalized the
(¢, w)-weak contraction to intuitionistic generalized fuzzy
cone metric space and prove some common fixed point re-
sults.

2. Preliminaries

In this section, we recall some definitions and basic results
of intuitionistic fuzzy cone metric space which will be used
throughout the paper.

Definition 2.1. A binary operation * : [0,1] x [0,1] — [0,1]
is a continuous t-norm if x satisfies the following conditions :

1. x is associative and commutative,

2. x Is continuous,
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3. ax1l=aforallacl01],

4. axb < cxdwhenevera<candb <dforalla, b, c,
deo,1].

Example 2.2. a x b = min {a, b} and a x b = ab
Definition 2.3. A binary operation {) : [0,1] x [0, 1] — [0,1]
is said to be a continuous t-co norm if it satisfies the following
conditions :

1. { is associative and commutative,

2. { is continuous,

3. ad00=aforallac]|0, 1],

4. ab<cdwhenevera<candb <dforalla, b, c,
de [0, 1].

Example 2.4. a O b = max {a, b} and a O b = min {a+b, 1}

Definition 2.5. Let E be a real Banach space, 0 be the zero
of E and P a subset of E. Then P is called a cone if and only if

1. Pis closed, nonempty and P # {0},
2. ifabcR ab>0andxy € P, then ax + by € P,
3. ifbothx € Pand — x € P, then x = 6.

For a given cone P, a partial ordering =< on E with respect
to P is defined by x <y if and only if y - x € P. The notation
x <y will stand for x <y and x # y, while x < y will stand
fory - x € int (P). Throughout this paper, we assume that all
cones have non empty interior.

A cone P is called normal if there exists a constant K > 0
such that for all 7,5 € E,0 <t < s implies ||z|| < K||s| and
the least positive number K satisfying this property is called
normal constant of P.

Definition 2.6. A 3-tuple (X, A4, %) is called a Generalized
Fuzzy Cone Metric Space (Shortly GFCMS) if P is a cone of
E, X is an arbitrary set, x is continuous t-norm and M is a
fuzzy set on X3 int(P) satisfying the following conditions;
Forallx,y, z€ Xandt, s € int(P)

1. M(x,y,zt)>0forallx,y 7z €X,

2. M(x,y,z,t)=1ifandonly ifx =y =z

3. M(x,y, 7, t) = M(p{x, y, 2}, t), where p is permutation,

4. My, a t)x Ma z,z5) <My 7 t+s)

5. M(x, y, z ) int(P) — [0,1] is continuous.
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Example 2.7. Let E = R™, Then P ={(ky,k,k3) : k1, ko, k3 >
0} C E is a normal cone with normal constant K = 1. Let X
=R axb=aband M : X3 x int(P) — [0, 1] defined by

=yl+ly—zl+|z—x]
e fiel

M(x,y,2,1) =

forallx,y,z€ Xandt> 0.

Definition 2.8. Let (X, .4, =) is said to be a Generalized
Fuzzy Cone Metric space, if x € X and {x, } be a sequence in
X. Then

1. {x,} is said to converge to x if for any t > 0 and any r
€(0,1) there is ny € N such that M (xp,x,x,8) > 1—7r
for all m,n > ny.

2. {xn} is said to be a Cauchy sequence if for any 0 <
€ < 1 and for any t > 0O there is ng € N such that
M (X, X, X1,8) > 1 — € for all myn,l > ny.

3. (X, M, %) is called complete if every Cauchy sequence
is convergent in X.

Definition 2.9. A 5-tuple (X, A4, N, x, {) is an intuitionistic
generalized fuzzy cone metric space if X is an arbitrary set,
* Is a continuous t-norm, {) is a continuous t-conorm and
M, N are fuzzy sets in X> x int(P) satisfying the following
conditions:

1. M,y )+ N (x,yz1) <1,

2. M(xy, 2 1) >0,

3. Mx y zt)=1ifandonlyifx =y =z,

4. M(x,y 7 t) = M (p{x,y,2},t), where p is permutation,

5. M(x, ¥, a,t)x Ma, 2,z ) M Y,z t+5),

6. M(x, Y 7 .): int(P) — [0,1] is continuous,

7. N(xy zt) <0,

8 N(x,yzt)=0ifandonlyifx =y =7z

9. N(x, 5z t) =N (p{x,y,2}, 1), where p is permutation,
10. N(x,ya,1)% N(a,2,25)> N(x )z 1+s)

11. N(x,y, 2 .): int(P) — [0,1] is continuous,

The functions .Z (X, y, z, t) and A4(X, y, z, t) denote the
degree of nearness and the degree of non-nearness between X,
y and z with respect to t respectively.

Definition 2.10. Let (X, d) be a metric space and let P = R,
Denote ax b =aband a ) b =min {1,a+b}

forall a,b € [0, 1]and let M and N be fuzzy sets on X> x
int(P) defined as follows:

kt"

. ) = e D (kv 2)
M (x,Y,2,1) kt" +1D*(x,y,z)
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and
D*(x,y,2)

Aot = e D)
(X,y7Z7 ) mt”—i—lD*(-x;y?Z)

Sorall k,l,m,n € int(P) and for each t > 0. Then
(X, M, N ,*,0) is an intuitionistic generalized fuzzy cone
metric space.

Definition 2.11. Let (X, .#, N, %, Q)be an intuitionistic
generalized fuzzy cone metric space, x € X and {x,} be a
sequence in X. Then

1. {x,} is said to converge to x if for each t > 0, we have
My —yoo A (X s X, X, 1) = 1 and limy_yeo A (X, X, X, 1) =
0 for all m,n > ny.

{xn} is said to be a Cauchy sequence if for each r €
(0,1) and t > 0, there exist ng € N such that

M (Ximy Xn,X1,8) > 1 —r and N (X, Xn,X1,t) < r for all
m,n,l > nyg.

(X, M, N, * O) is called complete if every Cauchy
sequence is convergence in X.

Definition 2.12. A function ¢ : [0,00) — [0,00) is an altering
distance function if ¢(t) is monotone non-decreasing and
continuous and ¢(t) = 0 if and only if t = 6.

Definition 2.13. Let (X, .#, N, %, Q)be an intuitionistic
generalized fuzzy cone metric space and f,g : X — X be two
mappings. The mapping g is called intuitionistic (§,y) -
weak contraction with respect to f if there exist a function
Y : [0,00) — [0,00) with y(r) > 0 for r >0 and y(r) =0 and
an alternating distance function ¢ such that

1
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1. fifj = fifi wherei, j € {1,2,...m},
2. gigj =g;8 wherei,j€ {1,2,...n},
3. figj=gjfi whereie {1,2,...m}andjec {1,2,...,n}.

3. Main Results

Theorem 3.1. Let (X, 4, N, *, ) be an intuitionistic gen-
eralized fuzzy cone metric space and g : X — X be a intuition-
istic generalized (@, ) - weak contraction with respect to
[ X=X Ifg(X) C f(X)and f(X) or g(X) is a complete
subset of X, then f and g have a unique common fixed point
in X provided that  is a continuous function.

Proof. Let xo € X be an arbitrary point. Choose a point x; € X
such that g(xp) = f(x1). This can be done since g(X) C f(X).
Continuing this process, we obtain a sequence {x, } in X such
that y, = g(xn) = f(Xn+1)-

We assume that y, # y,; for all n € N, otherwise f and g
have a coincidence point. Now we get,

(% - o ( !
M (Vs Yns Ynt1,1) A (8(Yn),8(¥n),&(Yn+1)5t)

1
< d)(,//{(f(xn),f(xn)af(x"'*‘l)’l)

1

BAY AN CARCAnN)
< o( !

a %(yn*layn*hymt)

e %(Yn—layn—byml)
1

<
- ¢(///(yn71,yn717)’mf)

which, considering that ¢ function is non — decreas-

_W(///(f(x),f(y),f(z),t) —-1) ing, implies that . (v, Yn, Ynt1,8) > A (Yn—1,Yn—1,Yn,t) for

O(AN(8(x),8(y),8(2),1) < O(A (f(x),f(¥), f(2):1))

—Y(A(F (), (), f(2),1))
(2.2)

hold for all x,y,z € X and each t > 0. If f is the identity
map, then g is called intuitionistic (¢, ) - weak contraction

mapping.

Definition 2.14. Let (X, .#, N, *, ) be an intuitionistic
generalized fuzzy cone metric space and f,g : X — X be two
mappings. A point u in X is called coincidence point (common

fixed point) of fand g if z = f(u) = g(u).

Definition 2.15. Let {fi}and {gi} be two finite families of
self mappings on X are said to be pairwise commuting if

1.7 € N and hence 4 (y,—1,Yn—1,Yn,t) is an increasing se-
quence of positive real numbers in (0,1].
Let U(t) = limy—co # (Yn—1,Yn—1,Yn,t), we show that U (r) =
1 for all # > 0. If not, there exist # > 6 such that U(¢) < 1,
then from the above inequality on taking n — oo. We obtain

1 1 1
— 1) <o(——-1)—y(———1).
¢(U(t) ) < ¢(U(t) ) W(U(t) )
which is a contradiction. Therefore .# (y,,, v, Yn+1,1) — 1 as
n — oco. Now, for each positive integer p, by definition (2.13),
we have

t
M (Yn,Yns Ynipst) > ///(ymymynﬂ,;)*///(yn+1,yn+1,yn+zﬁ)

1)

,1)

1)
1)

—1)
—1).

Hoeeeok ///(yrwpfl yYn+p—1,Yn+p,

It follows that
1imy,—sco A (Yn, Yn, Ynipst) = 1% Lk ---x 1 = 1. At the same

§
R
HNPZS
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time, we have

O(AN (Vs YnsYny1,t) =
xn) (xn+1)ﬂt)
Xn ), f(Xn41),1)
Yn—1,Yn—1,Yn,1t
—Y(A (Yn—1,Yn-1,Yn,1)
<A Yn—1,Yn—1,Yn>t

IA
=
E

which, considering that the ¢ function is non-decreasing,
implies that A (v, Vi, Ynt1,8) < A (Vu—1,Yn—1,Yn,t) for all
n € N and hence A (y,—1,Yn—1,Yn,t) is a decreasing sequence
of positive real numbers in [0, 1).

Let V(¢) = limy—yeo A (Yn—1,Yn—1,Yn,t), we show that V(z) =
0 for all t > 0. If not, there exists 7 > 6 such that V(¢) > 0,
then from the above inequality on taking n — oo, we obtain
O(V(1)) <o(V(t)) — w(V(t)). which is a contraction.
Therefore A (Yu,Yn,Yn+1,t) — 0 as n — . Now, for each
positive integer p, by definition (9), we have

///()’na)’naywrpa )+/V(ynaynayn+pv )Sl
and}}g‘(}o[///()’nv)’ny)’nwa )+</V(yn,yn,yn+p7 )] S L.

It follows that 1imy,—sco -4 (Yn,Yn,Yn+p,t) = 0. Hence y, is a
Cauchy sequence. If f(X) is complete, then there exists q €
f(X)such that y, — g as n — co. The same holds if g(X) is
complete with q € g(X). Let p € X be such that f(p) = ¢

Now, we shall show that p is a coincidence point of f and g.

In fact, we have

1 1

PP R P TER Iy B A Z P W R e ey

for every t > 0, which on taking n — oo gives that,

n—oo

&(p),fans1)st) = lim #(g(p)g

A (8(p),8(p), f(p),1)
1.

Therefore f(p) = g(p) = gq. Now, we shall show that f(g) =

spaces — 157/159

q. If it is not so, then we consider

e RN s
- ¢(W(f(q),f1(q),f(p),t) -
YT Y
< "’(//Af(q),if(q),q,r) b

N

BAON DR

which is a contradiction that leads our result. The uniqueness
of fixed point follows from the inequality (1) and (2) and so
the proof is complete. O

Example 3.2. Let(X, .#, .V, %, ) be a complete intuitionis-
tic generalized fuzzy cone metric space and let X = {%,n €
N} U {0}, be minimum norm and  be a maximum norm.

Let A, N, be defined by

[ .
M y,21) = | PR 120
0, ift=0
[x+y[+|y+z|+|z+x]
JV(x,y,zJ) — - (xylHly+zl+Hz+x]) ift>0
0, ift =0

Also, define ¢,y : [0,00) — [0,00) by ¢ (1) = 5, y(1) = 8 , for
allt>> 0, f(x) = 5 and g(x) = 3. Obviously g(X) C
V is a continuous function. Then we have

1 1

A RO RGN O G

—1) _  3(x+yl+ly+z+lz+x)
16¢
O el Vit Bl e )
- 16¢
1
-1 - 1)

N 800800

From the above inequality and the fact that NV =1 — . we
conclude that the conditions (1) and (2) are satisfied. Thus g
is intuitionistic generalized (¢ — W)- weak contraction with

(p)7g(xﬂ),t)respect to f.

Corollary 3.3. Let (X, ,. N ,,Q) be an intuitionistic gen-
eralized fuzzy cone metric space and g : X — X be a intuition-
istic (@, y)- weak contraction. If Y is continuous then g has
a unique fixed point.

Corollary 3.4. Let(X, 4, N, x, ) be an intuitionistic gen-
eralized fuzzy cone metric space and g : X — X be a mapping

MI
cgwﬂ,
<‘
(&5
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satisfying

1
k(P(///(x,y,z,t) -
k¢ (A (x,y,2,1))

-1) < 1)and

o 1
N (g(x),8(r),8(2),t)
(A (g(x),8(),8(2),1)) <

foreach x,y,z€ X, t€ 0 andk € (0,1).

Theorem 3.5. Let (X, A4, NV, x, ) be an intuitionistic gener-
alized fuzzy cone metric space andf; g; be two finite families
of self mappings on X with f = f1.fo--- fpand g = g1.82...8m,
where i € {1,2,...,m} and j € {1,2,...,n}. Let g be a gen-
eralized intuitionistic (¢, ) - weak contraction with respect
tof. If g(X) C f(X) and f(X) or g(X) is a complete subset
of X then g; and f; have a unique common fixed point in X,
provided that y is a continuous function and the families f;,
and g commute pairwise.

Proof. Using Theorem (16), we conclude that f and g have
a unique common fixed point, say g. Now, we want to show
that ¢ remains the fixed point of all the component mappings.
For this consider,

(g182---8m)8i(q)
(8182 8m—1)8m8i(q)
(8182 &m—1)8i&m(q)

g8i(q)

218i(8283° - gm)(q)
2ig1(8283--gm)(q)
i8(q)
= gi(q).

Similarly, we can show that g f;(q) = f;g(q) = fi(q), ffi(q) =
fif(q) = fi(q) and fgi(q) = gif (q) = gi(q) . which implies
that, for all i and j, g;(¢) and I;(q) are other fixed points of
the pair {g, /}. Now the uniqueness of common fixed point
of mappings f and g, we get ¢ = gi(q) = I;(¢), which shows
that g is a common fixed point of f; and g; for all i and .

O

Example 3.6. Set .#, N ,%,$ as in Example (17) and let
X =[0,00) and
P =R". Define y : [0,00) — [0,00) by y(t) = %, forallt > 6
and two families of self mappings f; and g;, where i, j €
{1,2,...,m} by

0, ifx=0 0, ifx=0
fi(x) {,}%7 if x € intP and  g;(x) {,%2, ifx € intP
x X
Then, we have
1 1
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_ 3(250x0 + ¥ + x8y0 + 28] + 0128 +x°))
21x0y0670
(&2 +y? [+ + 2 57|27
2tx2y272
1

= 0 .50).20)0)

From the above inequality and fact that NV =1 — 4, we
conclude that the conditions (1) and (2) are satisfied. All the
hypothesis of Theorem (20) are satisfied, then f; and g; have
a unique common fixed point.

>

_1)

4. Conclusion

In this paper, an approach has been developed to extend and
generalized the (¢, y)-weak contraction in intuitionistic gen-
eralized fuzzy cone metric space and prove some common
fixed point results. The results are illustrated with a well-
analyzed example in Section 3.
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