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Abstract

Our aim of this paper is to prove some fixed point and common fixed theorems for contractive type maps
in a cone metric space over Banach algebra, which unify, extend and generalize most of the existing
relevant fixed point theorems from Jiang et al. [1].
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1 Introduction

Fixed point theory has extensive applications in numerous branches of mathematics, digital signal
processing, physics, chemistry, Nash equilibrium, economics, optimization, engineering, biology, medical
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sciences, classical analysis, probabilistic analysis, functional analysis, operator theory, theory of non-linear
oscillations, general and algebraic topology and statistics with various problems in the theory of differential
and integral equations, approximation theory, game theory, and others. To show the existence and
uniqueness of fixed points and to determine common fixed points are very popular for researchers in this
area. For more details, we refer the reader to [2-10]. The study of expansive mappings is fascinating research
area of fixed point theory. The concept of expansive mappings has been introduced in [5]. Fixed point results
have been obtained in [11] and [12] for expansive mapping. There are many studies [13,14,15,16,17,18,1] on
fixed point theorems in metric spaces for expansive mapping. As a generalization of metric spaces, cone
metric spaces were scrutinized by Huang and Zhang in 2007 (see [16]). Afterwards, by omitting the
assumption of normality in the theorems of [16], Rezapour and Hamlbarani [3] established some fixed point
theorems, as the generalizations and extensions of the analogous results in [16]. Besides, they gave a number
of examples to vouch the existence of non-normal cones, which proves that such generalizations are
significant. For more details, we refer the reader to [19,20,21,22,23,24,25,26,27,28,29,2,3]. Liu and Xu [30]
introduced the notion of cone metric space over Banach algebras, replacing Banach spaces by Banach
algebras as the underlying spaces of cone metric space. For more details, we refer the reader to
[31,30,32,33,6]. In this paper, we established some fixed point and common fixed theorems for contractive
type maps in a cone metric space over Banach algebra, which unify, extend and generalize most of the
existing relevant fixed point theorems from Jiang et al. [1] and Daheriya et al. [13].

2 Preliminaries

For the sake of reciter, we shall recollect some fundamental concepts and lemmas. We begin with the
following definition as a recall from [30].

Let A always is a real Banach algebra. Then V u, v,w € A, @ € R, we have

(wv)w = u(vw);

u(v+w)=uv+uwand (u+v)w =uw + vw;
a(uv) = (aw)v = u(av);

luvll < lfullllvll.

bl e

We shall assume that a Banach algebra has a multiplicative identity e such that eu = ue = u,Vu € A. An
element u € A is said to be invertible if there is an inverse element v € A such that uv = vu = e. The
inverse of u is denoted by u™t. For more details, we refer the reader to [4].

The following proposition is given in [4].

Proposition 2.1

(see [4]) Let A be a Banach algebra with a unit e, and u € A. If the spectral radius p(u) of u is less than 1,
ie.,

1 1
p(w) = linfu"|[» =influ*|ln <1,
n—oo
then e — u is invertible. Actually,
(e—w)™ =3YLou.
Remark 2.2

From [4] we see that the spectral radius p(u) of u satisfies p(w) < ||ull,V u € A, where A is a Banach
algebra with a unit e.
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Remark 2.3

(see [4]) In Proposition 2.1, if the condition "p(u) < 1" is replaced by "|lul]| < 1", then the conclusion
remains true.

A subset P of A is called a cone of A if

P is nonempty closed and {6, e} c P;

6P + uP c P for all nonnegative real numbers &, i;
. P?=PP cPp;

4. P n (-P) = {6},

we =

where 6 denotes the null of the Banach algebra A. For a given cone P C A, we can define a partial ordering
< with respect to P by u < vif and only if v —u € P. u < v will stand for u < vand u # v, while u K v
will stand for v — u € i nP, where i nP denotes the interior of P. Ifi nP # @, then P is called a solid cone.

The cone P is called normal if there is a number M > 0 such that, Vu,v € A, 0 S u< v = ||u|| < M||v|.
The least positive number satisfying the above is called the normal constant of P (see [16]).

In the following we always assume that A is a Banach algebra with a unit e, P is a solid cone in A and < is
the partial ordering with respect to P.

Definition 2.4
(see [30]) Let X be a nonempty set. Suppose that the mapping d: X X X — A satisfies
1. 0<dwv),Vu,veXandd(u,v) =0 S u=rv;
2. d(u,v)=d(,u),VuveEX,
3. du,v) <du,w)+dw,v),Yuv,weX.
Then d is called a cone metric on X, and (X, d) is called a cone metric space over Banach algebra A.

Definition 2.5

(see [30]) Let (X,d) be a cone metric space over a Banach algebra A, u € X and let {u,}5_, € X be a
sequence. Then:

1. {u,} converges to u whenever for each ¢ € A with ¢ > 6,3 a natural number N such that
d(up,u) L cforalln = N. We write | i m,,u, =uoru, - u(n - x).
2. {u,}is a Cauchy sequence whenever for each ¢ € A with ¢ > 6,3 a natural number N such that
d(up, upy) K cforalln,m > N.
3. (X,d) is a complete cone metric space over Banach algebra A, if every Cauchy sequence is
convergent in X.
Now, we shall appeal to the following lemmas in the sequel.
Lemma 2.6
(see [34]) If E is a real Banach space with a cone P and if b < ub withb € Pand 8 < b < 1,thenb = 6.

Lemma 2.7

(see [2]) If E is a real Banach space with a solid cone P and if 8 < x < ¢ for each 6 < c, then x = 6.
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Lemma 2.8

(see [2])) Let P be a cone in a Banach algebra A and k € P be a given vector. Let {u,, } be a sequence in P.
If for each c; > 6, there exists N; such that u,, < ¢; for all n > N;, then for each c, > 0, there exists N,
such that ku, < ¢, foralln > N,.

Lemma 2.9

(see [2]) I E is a real Banach space with a solid cone P and {x,} © P is a sequence with |[x,|| = 0 (n -
o) then for any 6 «< ¢, 3 N € N such that, for any n > N, we have x,, < c, i.e. x,, is a c-sequence

Finally, let us recall the concept of generalized Lipschitz mapping defining on the cone metric space over
Banach algebras, which is introduced in [30].

Remark 2.10

(see [4]) If p(u) < 1, then ||u]|* = 0 (n —» ).

Lemma 2.11

(see [4]) Let A be a Banach algebra with a unit e, h, k € A. If h commutes with k, then
p(h+k) < p(h) + p(k),
p(hk) < p(h)p(k).

Lemma 2.12

(see [4]) If E is a real Banach space with a solid cone P

(1). If ay,a,,a3 € Eand a; < a, K as, then a; K az.
(2). If a; € P and a; < a; foreach a; > 6, thena, = 6.

Lemma 2.13

(see [6]) Let P be a solid cone in a Banach algebra A. Suppose that h € P and {x,,} © P is a c-sequence.
Then {hx, } is a c-sequence.

Proposition 2.14

(see [6]) Let P be a solid cone in a Banach space A and let {u, }, {v,} € X be sequences. If {u,} and {v,}
are c-sequences and y, § > 0 then {yu,, + du,} is a c-sequence.

Proposition 2.15

(see [6]) Let P be a solid cone in a Banach algebra A and let {u,,} c P is a sequence. Then the following
conditions are equivalent:

1. {u,}is ac-sequence.

2. For each ¢ > 6 there exists ny € N such that u,, < ¢ forn > n,,.
3. For each ¢ > @ there exists n; € N such that u,, < ¢ forn > n;.
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Lemma 2.16

1
(see [4]) Let A be a Banach algebra with a unit e, h € A, then 11 pp,.||A™||n exists and the spectral radius
p(h) satisfies

1 1
p(h) =1inm,llh"|[» =i nfla™||n.
If p(h) < |4, then (Ae - h) is invertible in A; moreover,

_ w hi
(le-h) ™ = $fgrms.

where A is a constant.
Lemma 2.17

(see [4]) Let A be a Banach algebra with a unite and h € A. If 1 is a complex constant and p(h) < |4],
then

1
141 - p()’

p((Ae-h) 1) <
Lemma 2.18

(see [4]) Let A be a Banach algebra with a unit e and P be a solid cone in A. Let h € A and u, = h™. If
p(h) < 1, then {u,} is a c-sequence.

Definition 2.19

(see [1]) Let (X, d) be a complete cone metric space over Banach algebra A and P be a cone in A. Then
f:X — X is said to be generalized expansive mapping, if

d(fu, fv) = hd(u,v).
for all u, v € X, where h,h™1 € P are generalized constants with p(h™1) < 1.

3 Main Results

Theorem 3.1

Let (X,d) be a cone metric space over Banach algebra A and P be an underlying solid cone in A, where
a,b, ¢, k,—a € P be generalized Lipschitz constants with

ple+k—a)(®+c—k1) <1
Let f be a surjective self-map of X satisfies the expansive condition
d(fu, fv) +k[du, fv) +d, fw)] = ad, fu) +b6d, fv) + cd(u,v), 3.1

for all u, v € X, and then f has a unique fixed point in X.
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Proof Since f is surjective, for each uy € X, there exists u; € X such that fu; = u,. Continuing this
process, we can define {u,} by

Uy = fupe (=123, ..).
If u, = u,4 for some n, then we say that u, is a fixed point of f. Therefore, we suppose that no two

consecutive terms of the sequence {u,} are equal. Thus, by (3.1), for any natural number n, on the one hand,
we obtain

d(funsr, fnez) + kld@Uniq, fung2) + dUnyo, fiing)]
7 ad (Ups1, fUnsr) + 0d Uz, flne2) + cd(pir, Unsz)
That is,
d(Up, Ups1) + k[dUpsq, Ungr) + AWUpyo, un)] = ad (Uypq, ) + 5d (Upgg, Upgq) + cd(Ungq, Unyo)-
Hence,
ad (Up 41, Un) +5d Wps2, Uns1) + €U, Unsz) < Ay, Unsa) + K[AWUnsz, Unsr) + d(Ungr, Un)]-
The last inequality gives
(6 + ¢ = k)d(Upyz Unsr) < (e + k — a)d(Ungq, up). (3.2)
Put (b + ¢ — k) = r, then
rd(Un42,Unsr) S (6 +k — A)d Uy, Uy). (3.3)
Since 7 is invertible, to multiply =1 on both sides of (3.3),
A(Upy2) Uns1) S hd Uy, Uy). (34)
whereh = (e +k—a)(6+c—k)™1. We get
AUz Uns1) < hd(Upir, Uy) < K2 Uy, Upoq) S -0 < R (U, ). (3.5)
So by the triangle inequality and p(h) < 1, for all m > n, we see
AU, Up) S dUp, Upe1) + AUy, Upm—y) + d(Upgq, Uy)
< (W™ P+ M2 4+ R+ R d (g, up)
=(e+h+h?>+h3+ -+ D" (uy, ug)
< (B hHR™M (uy, 1)
< h™(e — h)~td(uy, ugp). (3.6)

By Lemma 2.9 and the fact that ||h"(e — h)~1d,(us, up)|| = 0(n = ) because of Remark 2.10, ||h™|| —
0 (n = ), it follows that for any ¢ € A with 8 < c, there exists N such that for all m > n > N, we have

d (U, uy) < (e — )7 1d(uy,up) K c. 3.7

145



Gupta and Bakhru; ARJOM, 16(8): 140-151, 2020, Article no.ARJOM.59480

which implies that {u,} is a Cauchy sequence. By the complete-ness of X, there exists u* € X such that
u, - u"(n - ). Consequently, we can find an u™ € X such that fu** = u*. Now we show that u* = u*".
In fact,

d*,up) = d(fu”, funi1)
7 ad@™, fu™) + bd(Uns1, fns1) +cd@W™, Unsq) — k[AW™, funes) + d(unyq, fu™)]
Fad@™,u*) + bd(Upsq, Uy) + cdW, Upyq) — k [dW,uy,) + d(Upgq, u®)]. (3.8)
Since the tringle inequality, we have
du™, Uns1) — dQupeq, u’) < d@W™,u’),
d',up) < AW, Ungr) + d(Uns, Un),
and
d™,up) < dW™, ups1) + dUnig, Un).
it follows that
—kd(Uny1,u") + 0d(Uny1, Un) + cdU™, Upyq)
S AW, Ungr) + d(Ungy, Un) — ad @, Upgyg) + ad(Unyy, U + kAW, Upyg) + kd (Upyg, Up).
which implies that
(a+c—k)dWw™ upq) S (e +a+k)d(uye,u*) + (e — b+ k)d(Uyyq, uy). (3.9)
Since a + ¢ — k = r is invertible, we have
AW tpy) S 77 (e + a4 kK)dWpyy, w?) + (e — b+ k)d(Upyq, up)). (3.10)

Owing to u, - u*(n - ), it follows by Lemma 2.8 that for any ¢ € A with § < c, there exists N such
that for any n > N,

r (e +a+k)dup,u) + (e — b+ k)dupyp,un)) < c. (3.11)

hence d(u**, u,4+1) < c. Since the limit of a convergent sequence in cone metric space over Banach algebra
is unique, we have u* = u™, i.e., u” is a fixed point of f.

Finally, we prove the uniqueness of the fixed point. In fact, if v* is another common fixed point of f, that is,
fv* =v*, from (3.1), we have

d(fu’, fv*) + k [d@’, fv*) + d@*, fu)] = ad(W*, fu*) + bd (", fv*) + cd(u*, v*)
= dw*,v*) + k[d@w*,v) + d@*,u*)] = ad(u*,u*) + bd(v*,v*) + cd(u*, v*).
The last inequality gives

(c—2k—-e)dw*,v*) <0. (3.12)
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which means d(u*, v*) = 8, which implies that u* = v*, a contradiction. Hence the fixed point is unique.
Corollary 3.1
Let (X,d) be a cone metric space over Banach algebra A and P be an underlying solid cone in A, where
¢ € P be generalized Lipschitz constants with p(¢™!) < 1. Let f be a surjective self-map of X satisfying the
expansive condition

d(fu, fv) = cd(u,v). (3.13)
for all u, v € X, and then f has a unique fixed point in X.
Proof If we put k,a,b = 6 in Theorem 3.1, then we get the above Corollary 3.1.
Corollary 3.2
Let (X,d) be a cone metric space over Banach algebra A and P be an underlying solid cone in A, where
¢ € P be generalized Lipschitz constants with p(c™*) < 1. Let f be a surjective self-map of X, and suppose
that there exists a positive integer n satisfying

d(f™u, f*v) = cd(u,v). (3.14)
for all u, v € X, and then f has a unique fixed point in X.
Proof From Corollary 3.1, f™ has a unique fixed point z. But f*(fu) = f(f™u) = fu, so fu is also a fixed
point of f™. Hence fu = u, u is a fixed point of f . Since the fixed point of f is also a fixed point of f™, the
fixed point of f is unique.
Corollary 3.3
Let (X,d) be a cone metric space over Banach algebra A and P be an underlying solid cone in A, where

a,b,¢, —a € P be generalized Lipschitz constants with p((e — a)(b + ¢)™!) < 1. Let f be a surjective self-
map of X satisfies the expansive condition

d(fu, fv) = ad(u, fu) +bd, fv) + cd(u,v). (3.15)
for all u, v € X, and then f has a unique fixed point in X.

Proof If we put k = 6 in Theorem 3.1, then we get the above Corollary 3.3.

4 Example

Example 4.1

Let A = {p = (pi]-)3x3| piiERI<E)< 3} and ||p|| = %Z1si,j53|pij|. Then the set
P={peAlp;;=0and1<ij<3}

is a normal cone in A. Let X = {1,2,3}. Defined : X X X - A by
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d(1,1) =d(2,2) =d(3,3) =6

1 2 3
d(1,2) =d(2,1) = (0 0 O)
4 5 6
2 4 6
d(1,3)=d31) = (0 0 0)
3 45
2 4 6
d(2,3) =d(3,2) = (0 0 O>
3 45

We find that (X, d) is a solid cone metric space over Banach algebra A. Let f: X — X be a mapping defined
by

fl=2,f2=1,f3=3,

and let a,b, ¢, k € P be defined by

0 0 O 0 0 O
1 1
a=|0 E 0| b=1{0 E 0|,
0 0 O 0 0 O
oo
5 . 0 0 O
0 0 g 0 0 0

Then
d(fu, fv) + k[dw, fv) +dw, fu)] = ad, fu) + bd@, fv) + cd(u,v)

where a,b, ¢, k, —a € P are generalized constants. It is easy to prove that
le+k—a)®+c—k)Y <1

which imply
p(le+k—a)b+c—k)™) <1

Clearly, all conditions of Theorem 3.1 are fulfilled. Hence f has a unique fixed pointu = 3 € X.

5 Conclusion

In this paper, we proved some fixed point theorems under expansive type conditions in cone metric space
over Banach algebras. Our results are more general than that of the results of Jiang et al. [2]. This result can
be extended to other spaces. Example is constructed to support our result.
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