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FIXED POINT THEOREMS IN )-MULTIPLICATIVE METRIC SPACES

Muhammad Usman Ali', Tayyab Kamran?, Alia Kurdi®

In this paper, we introduce the new notion of b-multiplicative metric space.
We prove fized point theorems for single and multivalued mappings on b-multiplicative
metric spaces, endowed with a graph. We construct examples to illustrate our notions
and results. As illustrative application, we give an existence theorem for the solution of
a class of Fredholm multiplicative integral equations.
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1. Introduction

Grossman and Katz [11] introduced a new kind of Calculus called multiplicative (or
non-Newtonian) calculus by interchanging the roles of subtraction and addition with the
role of division and multiplication, respectively. By using the ideas of Grossman and Katz
[11], Bashirov et al. [4] defined the notion of multiplicative metric.

Ozavsar and Cevikel [19] investigated the multiplicative metric spaces along with
their topological properties and proved some fixed point theorems for contraction mappings
of multiplicative metric spaces. Effective contribution in this direction is due to: Abbas et
al. [1] for a study of common fixed points of generalized rational type cocyclic mappings; He
et al. [13] for introducing common fixed point results for weak commutative mappings; Ya-
maod and Sintunavarat [24] for their contribution to fixed points for generalized contraction
mappings with cyclic (o, §)-admissible mapping; Gu and Cho [12] for intersting results con-
cerning common fixed point for four maps satisfying ¢-contractive condition; Mongkolkeha
and Sintunavarat [17] for their study on best proximity points for multiplicative proximal
contraction mapping; Rome and Sarwar [21] for a characterization of multiplicative metric
completeness.

Czerwik [5] introduced the notion of b-metric space which is a generalization of a met-
ric space. There are some fixed point theorems in b-metric spaces. Huang et al. [14] intro-
duced fixed point results for rational Geraghty contractive mappings; Ozturk and Turkoglu
[20] studied fixed points for generalized alpha-psi-contractions; Shatanawi et al. [22] estab-
lished a study of contraction conditions using comparison functions.

In their elegant survey, Dosenovié et al. [7] show that the fixed point results for
various multiplicative contractions are in fact equivalent with the corresponding fixed point
results in (standard) metric spaces. We address reader to other valuable sources: Abodayeh
et al. [2], Agarwal et al. [3], DoSenovié and S. Radenovié [6], Shukla [23].
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Even if these remarks are true, we realized this article to introduce the notion of
b-multiplicative metric space and mention some of its topological properties. Then we prove
fixed point theorems for mappings on b-multiplicative metric spaces endowed with a graph,
for single and multivalued mappings. We illustrate our results with the help of examples.
As novel application, we give an existence theorem for the solution of a class of Fredholm
multiplicative integral equations. Last, but not least, let us note that these fixed point
theorems are new in the setting of b-metric space endowed with a graph, as far as we know.

2. Main results
We begin this section by introducing b-multiplicative metric spaces.

Definition 2.1. Let X be a nonempty set and let s > 1 be a given real number. A mapping
m: X x X — [1,00) is called a b-multiplicative metric if the following conditions hold:
(mq) m(x,y) > 1 for all z,y € X with x # y and m(z,y) =1 if and only if x = y;
(mg) m(z,y) =m(y,x) forall x,y € X;
(m3) m(x, z) <m(x,y)® - -m(y,z)* for all z,y,z € X.
The triplet (X, m, s) is called a b-multiplicative metric space.

Example 2.1. Let X = [0, 00). Define a mapping
me: X x X = [1,00), mg(x,y) = a(‘rfy)(z,

where a > 1 is any fixed real number. Then for each a, m, is b-multiplicative metric on X
with s = 2. Note that m, is not a multiplicative metric on X.

Example 2.2. If p € (0,1), then I’(R) = {{xn} CR:Y 2 |zalP < oo} endowed with the
functional
oo p\1/p
me: I/(R) x IP(R) = [1,00), me({wa}, fyn}) = el lomvel)
for each {x,,}, {yn} € IP(R), is a b-multiplicative metric space with s = 25!, Note that m,
is neither a metric nor a b-metric on X.

Following concepts are defined in the same way as defined for multiplicative metric
spaces by Ozavsar and Cevikel [19)].

Let (X,m,s) is a b-multiplicative metric space. Then the multiplicative open and
closed ball of radius € > 1 having center at x is of the form:

B(z)={y€ X : m(x,y) <e} and B.(x) ={y € X : m(z,y) < ¢}

respectively. A point & € X is said to be multiplicative limit point of S C X, if and only if
(Be(z)\{z}) NS # O for every e > 1. A set S C X is multiplicative closed in (X, m) if S
contains all of its multiplicative limit points. A set S is multiplicative bounded if there exist
z € X and M > 1 such that S C Bys(z). A sequence {z,} is a multiplicative convergent to
x € X denoted by x,, — z, if for every multiplicative open ball B.(z), there exists a natural
number Ny such that n > Ng = xz,, € B:(z). That is, for each € > 1, there exists some
Ny € N such that m(z,,z) < € for each n > Ny. Similarly, a sequence {z,} is multiplicative
Cauchy, if for each ¢ > 1, there exists Ny € N such that m(x,,,z,) < ¢ for each m,n > Nj.
A mapping f: X — X is said to be a multiplicative continuous at the point z € X if and
only if f(xz,) = f(z) for every sequence {z,} with z,, =, 2. A multiplicative metric space
is complete if every multiplicative Cauchy sequence in it is multiplicative convergent to some
reX.

Lemma 2.1. Let (X,m,s) is a b-multiplicative metric space. If a sequence {z,} is a
multiplicative convergent, then the multiplicative limit point is unique.
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Proof. Suppose that x,, — = and x,, —p y. Then for each € > 1, we have Ny € N such that
m(zy,x) < £3 and m(zn,y) < £3. By using the multiplicative triangular inequality, we
get

m(z,y) < m(z,x,)°  m(x,,y)° <e.
Since € > 1 is arbitrary. Thus, we have m(z,y) = 1, that is = y. O

Let (X,m,s) be a b-multiplicative metric space. Subsequently, G = (V, E) is a di-
rected graph such that the set of its vertices V' coincides with X (i.e., V = X) and the set
of its edges F is such that F D A, where A = {(z,z) : € X}. Also assume that G has no
parallel edges. Jachymski [15] introduced the notion of G-continuity on metric space. We are
going to extend this notion to b-multiplicative metric space. A mapping f: X — X is said
to be G-continuous if for each sequence {z,} in X such that z, — = and (z,,2p41) € E
for each n € NU{0}, we have fx,, — fz. Jachymski [15] also introduced the notion of edge
preserving mappings as: A mapping f: X — X is said to be an edge preserving mapping if
for each z,y € X with (x,y) € E, we have (fx, fy) € E.

Now, we move towards our first result.

Theorem 2.1. Let (X, m, s) be a complete b-multiplicative metric space endowed the graph
G and let f: X — X be an edge preserving mapping such that for each (x,y) € E, we have

m(fa, fy) < max{m(z,y), m(z, fx),m(y, fy),m(z, fy)= -m(y, fz)}" (1)

where « € [0,1). Assume that the following conditions hold:

(1) there exists x9 € X such that (zo, fzo) € E;

(ii) a. f is G-continuous;

or

b. for each sequence {z,} C X such that (x,,z,4+1) € F and x, — x, then
(zn,x) € E for each n € N.

Then f has a fixed point.

Proof. By hypothesis, we have xg € X such that (zg,z1) € E, where z; = fxzy. From (1),
we have

m(x1,x2) = m(f(zo), f(x1))
max{m(xg, z1)
( )

)

= max{m(zg,z1),

= m(x07x1)nv

m(zo, fro), m(z1, fr1), m(zo, fﬂfl)% -m(xy, fro)}"
,m(ﬂ?oaxl),m(ﬂflvm),m(mo,xﬂi 'm(h,xl)}”
m

(z1,22)}"

IN

)

max{m(zo, 1

otherwise we have a contradiction, that is, m(x1,x2) < m(z1,z2)". As f is an edge preserv-
ing, we have (z1,x2) € E.
Again, from (1), we obtain

)

m(xy,x3) = m(f(x), f(z

< max{m(zy, x2

< (21, f21), m(@a, f22), m(x1, fra)% - m(xa, fr1)}"

m

1
,m (21, T2), m(r2, v3), m(r1,23)2 - m(re,v2)}"
m

(z2,23)}"

2)
);
max{m(z,z2)

= max{m(z1,z2),

m(x1,x2)"
< m(zg, 1)
Continuing in the same way, we construct a sequence {x, } in X such that x,+1 = fx,,
(Zn, Tnt1) € E and m(z,, xpe1) < m(zo,xl)“" for each n € N. Let m,n € N, then by the
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multiplicative triangular inequality, we get

n+t1 ntm—1
m(-T'ru anrm) S (l’n, anrl) m(-TnJrh xn+2)s te m(anrmfla -’L‘ner)s
n41 n+1 ntm—1_n+m—1
S (ZE ) (x07x1>n s : (x()’ajl)n s
< (;L'O :I:]-)(Rs)n_"_(ﬁs)n«#l_,’_ A (rs)nTm—1
(rs)™
< mxo, ) 6.

Letting n — oo, in above inequality, we get m(zy, Tnim) —» 1. Hence the sequence
{z,} is multiplicative Cauchy sequence. By the completeness of X, there exists * € X such
that x, —p z*. If f is G-continuous, then z,11 = fz, — fz*. Since the multiplicative
limit is unique, thus * = fz*. Suppose that (i¢ — b) holds, then we have (z,,z*) € E.
From (1), and multiplicative triangular inequality, we have

<m(z*, Tn41)” - m(Tntr, f27)°

=m(z*, vpy1)" - m(fon, fz*)°

<mle* 1) max{m(@n, ©°), m(@n, f20),m(@, f2*), m(e,, fr)F -m(a*, fr,)}
= m(a*, 2n41)" - max{m(zn, ), M(n, Tn 1), M, F27), (0, f27)7 M2, Tni1)}
< m(z 73%H)S -max{m(zn,x"), m(Tn, Tny1), m(x*, fz*),

M@, 2%)% m(a*, fo7)% - m(a”, ) P

Suppose that m(x*, fz*) > 1. Letting n — oo, in above inequality, we get

m(z*, f*) < max{l,m(z", fa*),m(z", fz*) 7} = m(a", fa?)"*

This is a contradiction to our assumption, since ks < 1. Thus, m(z*, fz*) = 1. That is,

Example 2.3. Let X = [0, 00) be endowed with a b-multiplicative metric m(z,y) = 3(1*?4)2,
with s = 2. Define
0 if 1
fiX X, fr= {mj7x<
3

otherwise.

Consider a graph G = (V,E) as V = X and E = {(z,y) : z,y > 1} U {(z,z) : x € X}. For
each (z,y) € E, we have

m(fz, fy) = 368" = (m(z,y))?

Thus, (1) holds. Furthermore, it is easy to see that all other conditions of Theorem 2.1 hold.
Therefore, f has a fixed point.

Example 2.4. Let X = R? endowed with a multiplicative metric defined by the formula
m(x,y) = |x1 —y1|+|z2 —y2| for each x = (21, 22), ¥ = (y1,v2) € R%. Consider the mapping
5 3 8 4
f:R? %R f(x,y) = —x——y—i—l L | , for each (z,y) € X.
7 7 9 9
Define the graph G = (V, E) such that V =R? and E = {(z,y) : x,y € X}. Thus, it is easy
to see that (1) and all other conditions of Theorem 2.1 hold. Thus, f has a fixed point, that
is x = fx, where x = (2,1).

We denote by CL(X), the class of all nonempty multiplicative closed subsets of X.
Note that a point xg € X is a fixed point of mapping F': X — CL(X) if we have xg € Fxo.

KRS
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Theorem 2.2. Let (X, m, s) be a complete b-multiplicative metric space endowed the graph
G =(V,E)and let F: X — CL(X) be a mapping such that for each (z,y) € E and u € Fz,
there exists v € Fy satisfying

m(u,v) < m(z,y)" - m(y,u)* (2)

where « € [0,1) and w > 0. Assume that the following conditions hold:

(i) there exists g € X and x1 € Fxg such that (zg,z1) € E;

(i) for each v € Fz and v € Fy such that m(u,v) < m(x,y) we have (u,v) € E,
whenever (z,y) € E;

(ili) for each sequence {z,} C X such that (z,,zn+1) € E and z, — z, then
(zn,z) € E for each n € N,

Then F has a fixed point.

Proof. By hypothesis (i), we have o € X and 27 € Fag such that (zg,21) € E. From (2),
for (zg,21) € E and 1 € Fxg, there exists xo € Fxq such that

m(z1,22) < m(xg,x1)™ - m(z1, 1) = m(xg, z1)". (3)
By hypothesis (ii) and (3), we have (z1,22) € E.
Again from (2), for (z1,22) € E and x2 € Fay, there exists x3 € Fxy such that
2
m(za,x3) < m(xy,x2)” - m(ze,22)” = m(xy, x2)" < m(xg,x1)" .

Continuing in the same way, we construct a sequence {z, } in X such that x,, € Fa,_1,
(T, Tny1) € E and m (2, 2,11) < m(zo,21)" for each n € N. Let m,n € N, then by the
multiplicative triangle inequality, we have

’ o ntm—1
(T, Tnpm) < (T, Tp1)® - M(Tng1, Tns2)® U Tngm—1, Tngm)®
< TTl(.TCO7 :L’l)K"S" . m(xo’ a?l)“7l+lsn+l o m(xo’ xl)nn+m,—lsn,+7n_1
S 'rn(:r;o7 xl)(fis)"b+(’€s)'rb+l+”.+(Rs)n+7n—1
(re)™
< m(,r07x1)17(,‘-5).

Letting n — oo in above inequality, we get m(zpn, Zntm) —» 1. Hence the sequence
{z,} is a multiplicative Cauchy sequence. By the completeness of X, there exists z* € X
such that x,, = x*. By hypothesis (iii), we have (x,,z*) € E. From (2), for each (z,,x*) €
FE and x,41 € Fz,, there exists v* € Fa* such that

m(Tpe1,0*) <m(zp, ™)™ -m(x*, xpe1)”.

From the multiplicative triangle inequality, we have
m(z*,v*) < m(x*, xny1)®  m(apge,0")?

KS

< m(z% 2nga)” - m(zn, ) )“*

~m(z, Tyt
Letting n — oo in above inequality, we get m(x*,v*) = 1. That is, * = v*. Thus, we have
x* € Fa*. ]

Example 2.5. Let X = [0, 00) be endowed with a b-multiplicative metric m(x,y) = e(z*y)Q,
with s = 2. Define

0,3], ifx <2
F: X = CL(X), Fr=1{1{2}, ife=2
[0,In(z + 1)], otherwise.
Consider a graph G = (V,E) as V =X and E = {(z,y) : 0 < z,y <2} U {(x,2) : z € X}.
To see (2) holds with k = 1 and w = 1, we need to take the following cases:
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(i) For each (x,y) € E with z,y < 2, and u € Fz, there exists v € Fy such that
m(u,v) < 378" <m(z,)t - m(y, w);
(ii) For each (z,y) € E with < 2, y = 2 and u € Fx, there exists v € Fy = {2}
such that . .
m(u7 U) < m(x7 y)Z ’ m(y7 ’U,) = m(x7 y)Z ’ m(v, u);
Thus, (2) holds. Furthermore, it is easy to see that all other conditions of Theorem
2.2 hold. Therefore, F' has a fixed point.

As special case of Theorem 2.1 we have the following corollary:

Corollary 2.1. Let (X, m, s) be a complete b-multiplicative metric space endowed the graph
G and let f: X — X be an edge preserving mapping such that for each (z,y) € E, one of
the following inequality hold:

(i) m(fz, fy) < m(z, y)";

(i) m(fe fy) < m(z, fo)";

(iil) m(f, fy) < m(y, fy)";

(iv) m(f, fy) < {m(=, fy)2 - m(y, fx)}",
where x € [0, 1). Assume that the following conditions hold:

(i) there exists xg € X such that (zg, fzo) € E;

ii) a. f is G-continuous;

or

b. for each sequence {z,} C X such that (z,,2n4+1) € E and z, —p z, then
(zn,z) € E for each n € N.

Then f has a fixed point.

Consider the graph G = (V,E) as V = X and E = {(z,y) : ¢ =< y}, then by Theorem
2.1 we have the following result:

Corollary 2.2. Let (X,m,s, =) be a complete b-multiplicative ordered metric space and
let f: X — X be an ordered preserving mapping such that for each = < y, we have

m(fz, fy) < max{m(z,y),m(z, fx),m(y, fy),m(z, fy)% -m(y, f)}"

where x € [0, 1). Assume that the following conditions hold:

(i) there exists z¢p € X such that zy < fxo;

(ii) a. f is continuous;

or

b. for each sequence {z,} C X such that z, < 2,11 and =, — x, then x,, < z for
each n € N.

Then f has a fixed point.

If we consider G = (X, X x X) then Theorem 2.1 reduces to following result:

Corollary 2.3. Let (X, m, s) be a complete b-multiplicative metric space and let f: X — X
be a mapping such that for each =,y € X, we have
L K
m(fz, fy) < max{m(z,y), m(z, fx),m(y, fy),m(z, fy)> - m(y, fx)}
where x € [0,1). Then f has a fixed point.

Letting w = 0 in Theorem 2.2, we have the following result:

Corollary 2.4. Let (X, m, s) be a complete b-multiplicative metric space endowed the graph
G and let F: X — CL(X) be a mapping such that for each (z,y) € FE and u € Fz, there
exists v € Fy satisfying

m(u,v) < m(z,y)"
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where x € [0,1). Assume that the following conditions hold:

(i) there exists xg € X and x1 € Fxg such that (zg,21) € E;

(i) for each v € Fx and v € Fy such that m(u,v) < m(x,y) we have (u,v) € E,
whenever (z,y) € E;

(iii) for each sequence {z,} C X such that (z,,2n4+1) € E and x, — z, then
(zn,2) € E for each n € N,

Then F has a fixed point.

By taking G = (X, X x X) in Theorem 2.2, we get the following result:

Corollary 2.5. Let (X, m,s) be a complete b-multiplicative metric space and let F: X —
CL(X) be a mapping such that for each x,y € X and u € Fx, there exists v € Fy satisfying

m(ua ’U) < m(ac, y)N ’ m(y’ u)w

where x € [0, 1) and w > 0. Then F has a fixed point.

Remark 2.1. Note that if d(z,y) is a b metric on X then the function m: X x X — [1,00)
defined by m(z,y) = e®¥) is a b-multiplicative metric on X. Moreover, if f is a self map
on a b-metric space (X, d) satisfying following inequality
d(z, fy
d(fxv fy) < K max {d(.’b, y)7 d(xv fx)v d(yv fy)7 (T) + d(yv f(E)} ’
then by taking m(z,y) = e¥®¥) it follows that m(z,y) satisfies the inequality in Theorem
2.1. Thus one may obtain following result as direct consequence of our Theorem 2.1.

Theorem 2.3. Let (X,d,s) be a complete b- metric space endowed the graph G and let
f: X — X be an edge preserving mapping such that for each (z,y) € E, we have
d(z, fy
d(fxv fy) < K max {d(.’b, y)7 d(xv fx)v d(yv fy)7 (T) + d(yv f(E)} ’

where k € [0, %) Assume that the following conditions hold:

(i) there exists x9 € X such that (zo, fzo) € E;

(i) a. f is G-continuous, with respect to d;

or

b. for each sequence {z,} C X such that (x,,zn4+1) € F and x, — z, with respect
to d then (z,,z) € E for each n € N.

Then f has a fixed point.

Similarly, one may deduce following result from Theorem 2.2

Theorem 2.4. Let (X,d,s) be a complete b-metric space endowed the graph G and let
F: X — CL(X) be a mapping such that for each (z,y) € E and u € Fz, there exists
v € Fy satisfying
d(u,v) < kd(z,y) + wd(y,u),

where x € [0, 1) and w > 0. Assume that the following conditions hold:

(i) there exist xp € X and x1 € Fzg such that (zo,z1) € E;

(ii) for each v € Fz and v € Fy such that d(u,v) < d(x,y) we have (u,v) € E,
whenever (z,y) € E;

(iii) for each sequence {z,} C X such that (z,,xn+1) € E and x,, — x, with respect
to d, then (x,,x) € E for each n € N.

Then F has a fixed point.

Remark 2.2. By the best of our knowledge, we note that these fixed point theorems are
new in the setting of b-metric spaces, endowed with a graph.
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3. Application

Let X = C([a,b],R4), a > 0and Ry = (0,00), be the space of all positive, continuous
real valued functions, endowed with the b—multiplicative metric

(t) z(t)
m(z,y) = SUPte(ap] v it Jo > 1
’ su v | if 28 <1
Piefa,b] | () 70

and graph G = (V, E) such that V = X and F = {(z,y) : 2(t) > y(t), ¥t € [a, b]}.
As an application, we give an existence theorem for the Fredholm multiplicative in-
tegral equation of the following type.

b
P = / K(t, 5, 2(s)™, t.5 € [a, 1] (@)
where K: [a,b] X [a,b] x Ry — R, is continuous and nondecreasing function.

Theorem 3.1. Let X = C([a,b],R), a > 0, endowed with the graph G and let the operator

F:X— X, Fuz(t /Ktsm

where K: [a,b] X [a,b] x Ry — R, is continuous and nondecreasing function. Assume that
the following conditions hold:

(i) for each t,s € [a,b] and x,y € X with (x,y) € E, there exists a constant n > 0
such that
Ktsx( ))’<(:c(s))"
~ \ly(s)
(ii) the constant 7 is such that n < 2(b o
(iii) there exists xg € X such that (o, Flzg) € E.

K(t,s,y(s))
Then the integral equation (4) has at least one solution.

Proof. First we show that for each (z,y) € E, the the inequalities (i) of Corollary 2.1 holds.
For each (z,y) € E, we have

‘F:E(t) 2
Fy(t)

IN

IN
N TN T N

(m(x,y)b_“)g>2

= m(z,y)"®" for each t € [a,b].

Thus, we get m(Fz, Fy) < m(z,y)~, £ =n(b—a) € [0, 3), for each (z,y) € X. Since K
is nondecreasing, for each (x,y) € E we have (Fz, Fy) € E. Moreover, by hypothesis (iii),
(xo, Fzg) € E. Also, by continuity of K, F' is a G-continuous. Therefore by Corollary 2.1,
there exists at least one fixed point of the operator F', that is, integral equation (4) has at
least one solution. ]
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4. Conclusion

Maginniss [16] used non-Newtonian calculus to create a theory of probability that is
adopted to human behavior and decision making. Many authors have contributed in this
field. The collective book [25] presents how a non-Newtonian calculus could be applied to re-
postulate and analyze the neoclassical (Solow-Swan) exogenous growth made in economics.
Non-Newtonian way to look at differential equations has been a great surprise to us, it
opens the question if there are major fields of economic analysis which can be profoundly re-
thought in the light of this discovery. Non-Newtonian calculus has been used in the study of
biomedical image analysis by Florak et al. [9, 10], while Mora used non-Newtonian calculus in
the study of contour detection in images with multiplicative noise [18]. Several applications
regarding these subjects can be seen in differential equations, calculus of variations, finite
differential method, complex analysis, actuarial science, finance, economics, biology and
demographics.

A semimetric space (X, d) is called a b-metric space if for each x,y, z € X, we have

d(x,y) < sld(x, z) + d(z,y)]- ()

This condition was put together by Czerwik [5] in order to generalize the Banach contraction
principle. The same inequality given in (5) was also discussed by Fagin et al. [8], who called
this new distance a measure of nonlinear elastic matching. In this paper we discuss the
analogue version of b-metric space as b-multiplicative metric space. One application has
been discussed here, and possible application regarding this discovery are discussed above.

Acknowledgement. Authors are thankful to the reviewers for their useful comments and
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REFERENCES

[1] M. Abbas, M. De la Sen, T. Nazir, Common fixed points of generalized rational type cocyclic mappings
in multiplicative metric spaces, Discrete Dynamics Nat. Soc. 2015, Art. No. 532725.

[2] K. Abodayeh, A. Pitea, W. Shatanawi, T. Abdeljawad, Remarks on Multiplicative Metric Spaces and
Related Fixed Points, arXiv:1512.03771v1 [math.GN] 11, (2015).

[3] R.P. Agarwal, E. Karapinar, B. Samet, An essential remark on fixed point results on multiplicative
metric spaces, Fixed Point Theory Appl. 2016, Art. No. 21.

[4] A.E. Bashirov, E.M. Kurpmar, A. Ozyapici, Multiplicative calculus and its applications, J. Math. Anal.
Appl. 337(2008), 36-48.

[5] S. Czerwik, Contraction mappings in b-metric spaces, Acta Math. Inf. Univ. Ostraviensis 1(1993), 5-11.

[6] T. Dosenovié, S. Radenovié¢, Some critical remarks on the paper: ”An essential remark on fixed point
results on multiplicative metric spaces”, J. Adv. Math. Stud. 10(2017), No. 1, 20-24.

[7] T.Dosenovi¢, M. Postolache, S. Radenovié¢, On multiplicative metric spaces: survey, Fixed Point Theory
Appl. 2016, Art. No. 92.

[8] R. Fagin, L. Stockmeyer, Relaxing the triangle inequality in pattern matching, Int. J. Comput. Vis.
30(1998), 219-231.

[9] L. Florack, H. van Assen, Multiplicative calculus in biomedical image analysis, J. Math. Imaging Vision,
42(2012), No. 1, 64-75.

[10] L. Florack, Regularizition of positive definite matrix fields based on multiplicative calculus, The 3rd
Int. Conf. on t-Scale Space and Variational Methods in Computer Vision, Ein-Gedi Resort, Dead Sea,
Isreal, Lecture Notes in Computer Science: 6667, Springer (2012).

[11] M. Grossman, R. Katz, Non-Newtonian Calculus, Lee Press, Pigeon Cove, MA (1972).

[12] F. Gu, Y.J. Cho, Common fixed point results for four maps satisfying phi-contractive condition in

multiplicative metric spaces, Fixed Point Theory Appl. 2015, Art. No. 165.



116

Muhammad Usman Ali, Tayyab Kamran, Alia Kurdi

(13]

(14]

[15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

23]

(24]

25]

X. He, M. Song, D. Chen, Common fixed points for weak commutative mappings on a multiplicative
metric space, Fixed Point Theory Appl. 2014, Art. No. 48.

H. Huang, L. Paunovic, S. Radenovic, On some new fixed point results for rational Geragthy contractive
mappings in ordered b-metric spaces, J Nonlinear Sci. Appl. 8(2015), No. 5, 800-807.

J. Jachymski, The contraction principle for mappings on a metric space with a graph, Proc. Am. Math.
Soc. 136(2008), No. 4, 1359-1373.

J.R. Meginniss, Non-newtonian calculus applied to prpbability, utility, and Bayesian analysis, American
Statistical Association: Proc. Business and Economic Statistics Section, pp. 405-410 (1980).

C. Mongkolkeha, W. Sintunavarat, Best proximity points for multiplicative proximal contraction map-
ping on multiplicative metric spaces, J. Nonlinear Sci. Appl. 8(2015), No. 6, 1134-1140.

M. Mora, F. Cordova-Lepe, R. Del-Valle, A non-Newtonian gradiant for contour detection in images
with multiplicative noise, Pattern Rekognition Lett. 33(2012), No. 10, 1245-1256.

M. Ozavsar, A.C. Cevikel, Fixed point of multiplicative contraction mappings on multiplicative metric
space, arXiv:1205.5131v1 [matn.GN] (2012).

V. Ogzturk, D. Turkoglu, Fixed points for generalized alpha-psi-contractions in b-metric spaces, J.
Nonlinear Convex Anal. 16(2015), No. 10, 2059-2066.

B. Rome, M. Sarwar, Characterization of multiplicative metric completeness, Int. J. Anal. Appl.
10(2016), No. 2, 90-94.

W. Shatanawi, A. Pitea, R. Lazovic, Contraction conditions using comparison functions on b-metric
spaces, Fixed Point Theory Appl. 2014, Art. No. 135.

S. Shukla, Some critical remarks on the multiplicative metric spaces and fixed point results, J. Adv.
Math. Stud. 9(2016), No. 3, 454-458.

O. Yamaod, W. Sintunavarat, Some fixed point results for generalized contraction mappings with cyclic
(alpha, beta)-admissible mapping in multiplicative metric spaces, J. Inequal. Appl. 2014, Art. No. 488.
#%%: Economic Books: Current Selections, University of Pittsburgh, Department of Economics, Volume
9, page 29, 1983.



