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Abstract

In this paper, we introduce the concept of C*-algebra valued partial metric as a generalization of partial metric and
discuss the existence and uniqueness of fixed points for a self mapping defined on a C'*-algebra valued partial metric
space. We use these results to obtain some coincidence point and common fixed point results in this setting. Some
examples are provided to justify our results.

Keywords: Partial metric, C*-algebra valued partial metric, C'*-algebra valued contraction, fixed point
2020 MSC: Primary 47H10, Secondary 54H25

1 Introduction

It is well known that convergence of sequences and continuity of functions are two important concepts in real or
complex analysis. Our main task in metric spaces is to introduce an abstract formulation of the notion of distance
between two points of an arbitrary nonempty set. It is interesting to note that most of the central concepts of real
or complex analysis can be generalized in metric spaces. Several authors successfully extended the notion of metric
spaces in different directions (see [2, 4, [I5] 16 17]). In 1994, Matthews [I4] gave the concept of a partial metric space
while studying denotational semantics of data flow networks and proved the well known Banach Contraction Principle
in this setting. Complete partial metric space is a useful framework to model several complex problems in theory of
computation. The works of [3] [6] @, 21] are viable and have opened new avenues for application in different fields
of mathematics and applied sciences. In 2014, Z. Ma et al. [13] introduced the concept of C*-algebra valued metric
spaces by using the set of all positive elements of an unital C*-algebra instead of the set of real numbers. Recently,
a series of articles (see [0l 11} 12] 9] and references therein) have been dedicated to the improvement of fixed point
theory in partial metric spaces. Motivated by some recent works on the extension of Banach contraction principle,
we reformulated some important fixed point results in metric spaces to C*-algebra valued partial metric spaces. As
some consequences of our results, we obtain metric version of Banach Contraction Principle, Brian Fisher fixed point
theorem and Kannan fixed point theorem. Moreover, we use our results to obtain some coincidence point and common
fixed point results for pair of self mappings in this new framework. Finally, some examples are provided to illustrate
the results.
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2 Some basic concepts

In this section, we begin with some basic facts and properties of C*-algebras. Let A be an unital algebra with the
unit 7. An involution on A is a conjugate linear map a — a* on A such that a** = a and (ab)* = b*a* for all a,b € A.
The pair (A, *) is called a *-algebra. A Banach *x-algebra is a *-algebra A together with a complete submultiplicative
norm such that || a* ||=|| a || for all @ € A. A C*-algebra is a Banach x-algebra such that || a*a ||=| a ||? for all a € A.
Let H be a Hilbert space and B(H), the set of all bounded linear operators on H. Then, under the norm topology,
B(H) is a C*-algebra.

Throughout this discussion, by A we always denote an unital C*-algebra with the unit I. Set A, = {z € A : 2 = 2*}.
We call an element x € A a positive element, denote it by « = 6, if x € A}, and o(z) C [0,00), where o(x) is the
spectrum of x. Using positive elements, one can define a partial ordering < on A as follows:

z=yif andonlyif y—x = 0.

We shall write z < y if < y and z # y. From now on, by A, we denote the set {z € A : x = 6} and by A, we
denote the set {a € A : ab = ba, Vb € A}.

Lemma 2.1. [7, [I8] Suppose that A is an unital C*-algebra with a unit I.

(i) For any x € Ay, we have x X T <| = ||< 1.

)
(i) If @ € Ay with || a ||< 3, then I — a is invertible and || a(I — a)~! ||< 1.
(iii) Suppose that a,b € A with a,b > 6 and ab = ba, then ab = 6.

)

(iv) Let a € A, if b,c € A with b= ¢ = 0, and I —a € A, is an invertible operator, then (I —a)~'b > (I —a)~'c.
Remark 2.2. It is worth mentioning that <y =|| z ||<|| y || for z,y € A;. In fact, it follows from Lemma [2.1] (i).

Definition 2.3. [I3] Let X be a nonempty set. Suppose the mapping d : X x X — A satisfies:

(i) 0 = d(z,y) for all z,y € X and d(z,y) = 0 if and only if z = y;
(ii) d(z,y) = d(y,z) for all z,y € X;
(iii) d(z,y) 2 d(z,z) +d(z,y) for all x,y,z € X.

Then d is called a C*-algebra valued metric on X and (X, A, d) is called a C*-algebra valued metric space.

Definition 2.4. [14] A partial metric on a nonempty set X is a function p : X x X — R™ such that for all z, y, z € X:

A partial metric space is a pair (X, p) such that X is a nonempty set and p is a partial metric on X.

Definition 2.5. Let X be a nonempty set. Suppose the mapping p: X x X — A satisfies:
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(v) p(z,y) 2 p(x,2) + p(2,y) — p(2,2) for all z, y, 2 € X.

Then p is called a C*-algebra valued partial metric on X and (X, A, p) is called a C*-algebra valued partial metric
space.

It is worth mentioning that if A = C, then a C*-algebra valued partial metric space becomes a partial metric space.
Moreover, every C*-algebra valued metric space is a C*-algebra valued partial metric space but not conversely. The
following examples support the above remark.

Example 2.6. Let B(H) be the set of all bounded linear operators on a Hilbert space H. Define p : R xRT — B(H)
by p(x,y) = max {z, y}I, where I is the identity operator on H. Then (R*, B(H),p) is a C*-algebra valued partial
metric space but it is not a C*-algebra valued metric space.

Example 2.7. Let B(H) be the set of all bounded linear operators on a Hilbert space H and X = {[a,b] : a, b€ R, a <
b}. For a fixed positive operator T' € B(H), define p : X x X — B(H) by p([a, b], [¢,d]) = (maz {b, d} —min {a, ¢})T.
Then (X, B(H),p) is a C*-algebra valued partial metric space without being a C*-algebra valued metric space.

Definition 2.8. Let (X, A,p) be a C*-algebra valued partial metric space, x € X and (x,) be a sequence in X.
Then

(i) (zy) converges to x with respect to A if for any € > 0 there is ng such that for all n > ng, || p(@n, ) —p(z,z) ||< €.
We denote it by lim z, =z or x,, — z(n — 00).
n—oo

(ii) (x,) is Cauchy with respect to A if lim || p(zn,Zm) || exists and is finite.
n,Mm—00

(iii) (X, A,p) is said to be a complete C*-algebra valued partial metric space if every Cauchy sequence (z,) in X

with respect to A converges to a point « such that lim p(z,,z) =p(z,z) = lim p(z,,zn,).
n—o00 n,Mm—00

We now introduce the notion of a 0-complete C*-algebra valued partial metric space. It is adapted from the ideas
used in [20].

Definition 2.9. Let (X, A,p) be a C*-algebra valued partial metric space, x € X and (x,) be a sequence in X.
Then

(i) (=) is called 0-Cauchy with respect to A if lig I p(zp, 2m) ||= 0.

(ii) (X, A,p) is said to be a 0-complete C*-algebra valued partial metric space if every 0-Cauchy sequence (z,) in
X with respect to A converges to a point x such that p(x,z) = 0, that is, lim p(x,,x) = p(z,z) = 6.
n—oo

Note that every complete C*-algebra valued partial metric space is 0-complete. But the converse may not be true, in
general. The following example supports the above contention.

Example 2.10. Let X = [0,00) N Q and B(H) be the set of all bounded linear operators on a Hilbert space H.
Define p : X x X — B(H) by p(z,y) = max {x, y}I, where I is the identity operator on H. Then (X, B(H),p) is
0-complete but it is not complete.

Definition 2.11. Let (X,A,p) be a C*-algebra valued partial metric space. We call a mapping f : X — X a
C*-algebra valued contraction mapping on X if there exists A € A with || A ||< 1 such that

p(fz, fy) < A p(z,y)A
for all z,y € X.

Definition 2.12. Let (X, A,p) be a C*-algebra valued partial metric space. A mapping f : X — X is called a
C*-algebra valued Fisher contraction if there exists A € A} with || A ||< % such that

p(fz, fy) 2 Alp(fz,y) +p(fy,2)]
for all z,y € X.
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Definition 2.13. Let (X, A,p) be a C*-algebra valued partial metric space. A mapping f : X — X is called a
C*-algebra valued Kannan operator if there exists A € A, with || A [|< 4 such that

p(fz, fy) 2 Alp(fz,z) + p(fy,y)]
for all z,y € X.

3 Main Results

In this section, we prove some fixed point theorems for self mappings defined on a 0-complete C*-algebra valued
partial metric space and satisfying certain contraction condition.

Theorem 3.1. Let (X, A, p) be a 0-complete C*-algebra valued partial metric space and f: X — X be a mapping.
If there exists an A € A with || A ||< 1 such that

p(fz, fy) = A" p(z,y)A (3.1)
for all z,y € X, then f has a unique fixed point u(say) in X and p(u,u) = 6.

Proof . If A = 6, then f maps X into a single point and so f possesses a fixed point in X. Thus, without loss of
generality, we can assume that A # 0. Let 29 € X be arbitrary and keep it fixed. We can construct a sequence (z;,)
in X such that z, = fx,—1 = f"xg, n=1,2,3,---. It is a well known fact that in a C*-algebra A, if a, b € A, and
a < b, then for any = € A both z*ax and z*bx are positive elements and z*ax < x*bz[18].

For any n € N, we have by using condition (3.1]) that

p($m $n+1) = p(fxn—ly f‘rn) = A*p(xn—h xn)A' (3'2)
By repeated use of condition (3.2)), we get

P2, 2nt1) = (A7) "p(xo, 21)A" = (A")"Ag A", (3.3)
for all n € N, where Ag = p(xg,x1) € Aj.

We assume that Ag # 0. Because, Ag = 0 = 21 = g = fxg = xg. Thus, xg becomes a fixed point of f.
For any m,n € N with m > n, we have by using condition (3.3) and Lemma 1) that

p(xnvxm) j p(xnaxn-‘rl) +p(xn+17l‘m) —p($n+17$n+1)
= (s Tpt1) + P(Tot1s Tin)
= p(@ns Tog1) + P(Tng1, Tu2) + o+ P(Tm—1, Tin)
j (A )nAoAn (A*)nJrlA An+1 4 (A*)n+2A0An+2
j 4. (A*)m 1A A 1
— 1nZnA* n+k— 1A An+k 1
=1
j H (A*)nJrkfleAnJrkfl H I
k=1
< Aol Y AP T
k=1
m—n b1
= (Aol lTAIP" > (A1)
k=1
[ Ao 1A
j WI, since || A ||< 1

— 60 asn— oo.
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Therefore, (x,,) is a 0-Cauchy sequence with respect to A. By 0-completeness of (X, A, p), there exists an u € X
such that
lim p(a,, u) = plu,u) = 6.

n—oo

Using condition (3.1)), we have

p(fu,u) p(fu, xn) + p(wn, u) — p(Tn, v5)
p(fu, frn_1) 4+ p(Tn,u)
A p(u, 1) A + p(zp, u)

0 as n — oo.

I A Ik

This implies that p(fu,u) = 6 and hence fu = u. Therefore, u is a fixed point of f and p(u,u) = 6.

The next is to show that the fixed point is unique. Assume that there is another fixed point v of f in X. Then,

p(u, U) = p(fua f’U) = A*p(u, U)A

and so,

| Ap(u, v)A |
[ A {1l p(u, o) [ Al
A pu,0) || -

| p(u,0) |

IAIA

Since || A ||< 1, it follows that p(u,v) = 0 i.e., u = v. Therefore, f has a unique fixed point v in X with p(u,u) = 6.
O

Remark 3.2. It is valuable to note that Banach contraction theorem in a complete metric space (X, d) can be obtained
from Theorem [3.1] by taking A = C, p = d. Thus, Theorem [3.1] is a generalization of Banach contraction theorem in
metric spaces to C*-algebra valued partial metric spaces.

Theorem 3.3. Let (X, A, p) be a O-complete C*-algebra valued partial metric space and the mapping f : X — X be
such that

p(fz, fy) 2 Alp(fz.y) + p(fy, )] (3.4)
for all z,y € X, where A € AI+ with || A ||< % Then, f has a unique fixed point u(say) in X and p(u,u) = 6.

Proof . It follows from condition (3.4) that A(p(fx,y) + p(fy,x)) is a positive element.

Let g € X be arbitrary and keep it fixed. We can construct a sequence (z,) in X such that =, = fr,—1 =
fnm()a n=123,---.

For any n € N, we obtain by using condition (3.4]) that

P(TnsTng1) = p(frn-1, frn)
= APp(frp-1,70) + p(fTn, Tn-1)]
= A [p(xn,xn) +p(xn+1,xn_1)]
=< Ap(xn,zn) + (Tnt1, Tn) + P(Tny Tn-1) — p(Tn, )]
(

A [p Ty xn—i—l) + p(xn—la xn)]

which implies that,
(I - A)p(xn, anrl) = Ap(xnfh xn) (35)
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Since A € A, with || A |< 1, by applying Lemma[2.1] it follows that (I — A) is invertible and || A(I — A)~* ||=||
(I — A)71A ||< 1. Moreover, by Lemma A=<Tie, I-A>0. AsAc A;, we have (I — A) € A;. Furthermore,
(I-A)te A/Jr. By using Lemma we obtain from condition 1' that

P(@n, tng1) 2 (I —A) T Ap(zn_1,2n) = ap(zn_1,2n), (3.6)
where a = (I — A)~1A € A/Jr with || « ||< 1. Therefore, ap(x,—1,2y) = 6.
So, it must be the case that
| p(n, Tns1) IS aplen—1,20) IS a |l plen-1,20) || - (3.7)
By repeated use of condition (3.7)), we get

| P2, 2nga) [[<]] e [ | p(2o, 21) (=] e ™[] Bo |l (3.8)

for all n € N, where By = p(zo,21) € Ay

For any m,n € N with m > n, we have

p(xny anrl) + p($n+17 mm) - p($n+17 anrl)
p(xnuanrl) +p(xn+17$m)
P(Tn, Tnt1) + P(ETnt1, Tnt2) + o+ P(Tm—1,Tm).

p(xTM xm)

IATA A

By using Remark and condition (3.8]), we get

|| p(xnvxm) || S H p(xna xn+1) +p(xn+1a xn+2) + - +p(1’m717xm) ||
< N p@n, 2ngn) | 4 | p(@ngs, Tng2) [+ || p(@m—1, 2m) ||
< (Fal™+lal™ ++lal™ ) [ B
< e f il Bo
1= a|
— 0asn— oo.

Therefore, (z,,) is a 0-Cauchy sequence with respect to A. By 0-completeness of (X, A, p), there exists an u € X
such that
lim p(a,,u) = p(u,u) = 0.

n—oQ

By using condition (3.4)), we have

p(fu, xn) + p(l‘n, u) — p(Tn, Tn)

p(fu, frn_1) + p(zn, u)

Alp(fu,zn-1) + p(fra—1,u)] + p(zn, u)

Alp(fu,u) + plu,zn—1) = p(u, u) + p(Tn, u)] + p(Tn, ul

p(fu, )

IA T TA TA

which implies that,
0 < (I —A)p(fu,u) 2 Ap(zn-1,u) + Ap(wy,u) + p(n,u).

Since A € A;_ and (I — A) € A; is an invertible element, by applying Lemma we obtain

p(fu,u) = (I —=A) " Ap(en_1,u) + (I = A" Ap(en,u) + (I = A)~ ' p(ag, )
— fasn— .

This implies that p(fu,u) = 6 i.e., fu =w and hence u is a fixed point of f and p(u,u) = 6.
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The next is to show that the fixed point is unique. Assume that there is another fixed point v of f in X. Then,

p(u,v) = p(fu, fv)
Alp(fu,v) +p(fv,u)]
Alp(u,v) +p(v,u)]

PN

which implies that,

I p(u,0) | < LA [l p(w,0) | + [ (v, ) ||]
2| A p(u,v) | -

Since || A [|< %, we have || p(u,v) ||= 0 i.e., u = v. Therefore, f has a unique fixed point u in X with p(u,u) = 6.

Remark 3.4. We observe that Brian Fisher’s theorem in a complete metric space (X,d) can be obtained from
Theorem by taking A = C, p = d. Thus, Theorem is a generalization of Brian Fisher’s theorem in metric
spaces to C*-algebra valued partial metric spaces.

Theorem 3.5. Let (X, A, p) be a 0-complete C*-algebra valued partial metric space and the mapping f : X — X be
such that

p(fz, fy) 2 Alp(fz, x) + p(fy, y)] (3.9)
for all z,y € X, where A € A/Jr with || A [[< . Then, f has a unique fixed point u(say) in X and p(u,u) = 6.

Proof . We observe that A(p(fz,z) + p(fy,y)) is a positive element.

Let g € X be arbitrary and keep it fixed. We can construct a sequence (z,) in X such that x, = fr,_1 =
fnw()a n= 172737""

For any n € N, we have by using condition (3.9) that

p(xrmxn-}-l) - p(fxn—lyfxn)
= A[p(fxnflyxnfl) J'_p(fxnaxn)]
= Ap(@n,Tn-1) + Ap(Tn, Tni1)

which implies that,
(I = A)p(zn, Tnt1) 2 Ap(Tp-1, 7). (3.10)

Since A € A;_ and || A ||< 3, by Lemma it follows that A < I and (I — A) is invertible with || A( — A)~1 ||=||
(I — A)~'A||< 1. Furthermore, (I — A), (I — A)~! € A; and so, (I — A)"1A € A;. Again, by using Lemma (iv),
it follows from condition (3.10]) that

P(@n, Tnt1) 2 (I — A) P Ap(vp_1,20) = ap(Tn_1,7,), (3.11)

where o = (I — A)"'A € A/Jr with || & ||< 1. Therefore, ap(zp_1,2n) = 6.

So, it must be the case that
| p(@n, Tnt1) S ap(@n—1,20) <] @ ||| P(@n—1,20) || - (3.12)

By repeated use of condition (3.12]), we get

I p(@n; xngr) I<[l e " || p(zo, 1) (=] a (" [ Bo ],

for all n € N, where By = p(z9,x1) € Ay
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For any m,n € N with m > n and proceeding similarly to that of Theorem [3.3] we obtain

e ("Il Bo |l

— 0, as n — oo.
1=l af ’

| p(@n, 2m) |I<

Therefore, (z,,) is a 0-Cauchy sequence with respect to A. By 0O-completeness of (X, A, p), there exists an u € X
such that
lim p(x,,u) = p(u,u) = 0.

n—roo

By using condition (3.9)), we have

p(fu,u) p(f’U», -Tn) —|—p(a?n,u) _p(l'n,l‘n)
p(fu; fon—1) + p(an,u)
Ap(fu,u) + p(frn—1,Tn-1)] + p(@n, )

Alp(fu,u) + p(@n, 2n-1)] + p(wn, u)

IA A TATA

which implies that,
0 2 (I —A)p(fu,u) X Ap(zn, Tn-1) + p(Tn, u).

Since A € A; and (I — A) € A/Jr is an invertible element, by applying Lemman7 we obtain
p(fu,u) = (I — AP Ap(zn, n_1) + (I — A) 7 p(a,, ).

This implies that

< T = AT AN plan, za-) |+ 11T = A7 plan,w) ||
< ITE=A7 AN a 1" Bo Il + 1 (T = A7 [ p(an,u) ||
_>

0asn— oo.

I p(fu,u) ||

This implies that p(fu,u) = 6 i.e., fu = u and hence w is a fixed point of f and p(u,u) = 6.

The next is to show that the fixed point is unique. Assume that there is another fixed point v of f in X with
p(v,v) = 6. Then,

p(u,v) = p(fu, fv)
Alp(fu,u) + p(fv,v)]
Alp(u,u) + p(v,v)]

= 0

IA

which implies that, p(u,v) = 0 i.e., u = v. Therefore, f has a unique fixed point » in X with p(u,u) =6. O
Remark 3.6. We observe that Kannan’s fixed point theorem in a complete metric space (X, d) can be obtained from
Theorem by taking A = C, p = d. Thus, Theorem is a generalization of Kannan’s fixed point theorem in

metric spaces to C'*-algebra valued partial metric spaces.

Remark 3.7. The results of this study are obtained under the weaker assumption that the underlying C*-algebra
valued partial metric space is O-complete. However, they also valid if the space is complete.

We give some examples to justify the validity of our results.

Example 3.8. Let B(H) be the set of all bounded linear operators on a Hilbert space H and X = {[2 —-37",2] :
n € N}U{[2,2+37"] : n € N} U {{2}}, where {2} = [2,2]. We define p : X x X — B(H) by p([a,b],[c,d]) =
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(max {b, d} — min{a, c})I, where I is the identity operator on H. Then (X, B(H),p) is a 0-complete C*-algebra
valued partial metric space. Define a mapping f : X — X by

2,243 D] if x=[2-37",2],
fr=4{ [2-3"0FD 2 if x=[2,2+37"],
{2}, of z={2}.
We now show that f satisfies the contraction condition of Theorem
Case-I: v =[2-37"2], y=1[2,2+37%, n, ke N.
In this case,
p(fz, fy) = p((2,2+37 V] 2= 370D 9)) = é (37" +37F) 1= %p(x,y) = A" p(z,y) A,

where A = %I € B(H).

Case-II: . = 2 —-37",2], y = {2}.

In this case,
_ 1. 1 .
p(fx, fy) = p(12,2+ 37 "TV] {2}) = 33" 1= 3plzy) = A"p(w.y) A,

_ 1
fOI‘ A = % I.
Case-III: z = [2,2 +37"], y = {2}.

Then,

1 *
7p($7y) =A p(df,y) Aa

p(f, fy) = p(2~ 3700, 9], {2)) = £ 37T =

1
forA—ﬁI.

Case-1V: z = y is trivial.

Therefore,
p(fx, fy) = A" p(z,y) A
for all x,y € X, where A € B(H) with || A ||< 1.

Thus, we have all the conditions of Theorem [3.1]and {2} is the unique fixed point of f in X with p({2},{2}) = O,
zero operator.

The following example shows that Theorem is not applicable without contraction condition.

Example 3.9. Let X = [0,1] and B(H) be the set of all bounded linear operators on a Hilbert space H. Define
p: X x X — B(H) by

maz {z, y} I, if © 7y,

0, if z=y,
where I and O are respectively the identity and zero operators on H. Then (X, B(H),p) is a 0-complete C*-algebra

p(x,y) =
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valued partial metric space. Let f: X — X be defined by
a?, if x€0,3),
fr=9 0, if ze[3,1),

1, if x=1.

Then,
p(f0, 1) = p(0,1),

which shows that f does not satisfy the contraction condition. So, Theorem is not applicable to this example. As
a result, f possesses fixed point but it is not unique. In fact, 0 and 1 are fixed points of f in X.

The following examples show how Theorem [3.3] can be used.
Example 3.10. Let B(H) be the set of all bounded linear operators on a Hilbert space H and X = {[1,1+57"]:
n € NJU{[1-5"1]: n € N}U{{1}}, where {1} = [1,1]. We define p : X x X — B(H) by p([a,b],[c,d]) =

(max {b, d} — min{a, ¢})I, where I is the identity operator on H. Then (X, B(H),p) is a 0-complete C*-algebra
valued partial metric space. Define a mapping f : X — X by

[1—5-+D) 1] if 2 =[1,1+5""],
fr=< [1,1+5" D] if 2 =[1-5"1],
{1}, if v ={1}.
We now show that f satisfies the condition of Theorem

Case-I: v =[1,1+57"], y=[1-5%1], n, k € Nwithn < k.

Then,
1 2
p(fz, fy) = p([L =5~ D 1], [1,1 4 5~ FFD]) = : (54571 < =5
1
p(fa,y) =p([1 =5V L =575, 1) =57 T = 57
p(fy,z) =p([1,1+5"FFD] 1,1 45"]) =5"1.
Therefore,

(p(fz,y) +p(fy,z)) = A(p(fz,y) + p(fy,z)),

W =

p(fx, fy) < %5’"1 =

where A= 11 € B(H), with | A[=4% < 1.

Case-II: . = [1,1+57"], y =[1 —57% 1], n, k € N with n = k.

Then,
1 2
p(fr, fy) =p([1 =570 AL L1457 = 2 (57" +575) T = 257",
p(fz,y) =p(1 =5~ 1], [1 =575, 1]) =571,
p(fy,z) =p([1,14+5 V] [1,1+57"]) =5""1.
Therefore,

Pz, f0) = 2571 = 2 () +p75,0) < A(F2,9) +p(f3,2))
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where A =11 € B(H)/_‘_ with || A ||=1 < 3.

Case-III: v = [1,1+57"], y = [1—=57% 1], n, k € N with n > k.

Then,
1 2
p(fa, fy) = p([1 =5~ L1 1457 ¢F) = 2 (57" 457 T < 2570 T,
p(fe,y) =p([1 =5~V [ =575 1)) =571,
p(fy,z) =p([1,1+5 *FD] [1,14+5")) =5~ *+D [,
Therefore,

(p(fz,y) +p(fy,2)) = A(p(fz,y) + p(fy,z)),

W =

Pz, fo) < 3571 =
where A= 17 € B(H), with || A|=1 < 1.
Case-IV: z=[1,14+5""], y = {1}.
In this case,
Pz, fy) = p([1 =57, 1, (1) = £ 57,

p(fl‘vy) = p([l - 5_(n+1)7 1], {1}) _ 5—(n+1) I,
p(fy,z) =p({1},[1,1+57"]) =5""1.

Therefore,
(p(fz,y) +p(fy,2)) < A(p(fz,y) + p(fy, x)),

S| =

P, fo) = 5571 =

where A= 1I € B(H), with | A[=1% < 3.

Case-V:z =[1-5"" 1],y = {1}.

Then,
p(fz, fy) = p([1,1+ 5"V {1}) = % 571,
p(fz,y) =p([1,1+5 D] {1}) = 5= FU T,
p(fy, ) =p({1},[1 =5"",1]) =5"" L
Therefore,

(p(fz,y) +p(fy,v)) < A(p(fz,y) + p(fy,z)),

| =

1 -n
where A= 1I € B(H), with | A[=4% < 3.
Case-VI: z = y is trivial.

Therefore,
p(fz, fy) = A(p(fz,y) + p(fy, 2)),

for all z, y € X, where A = I € B(H)/_Ir with || 4 |[< 3.

Thus, we have all the conditions of Theorem [3.3]and {1} is the unique fixed point of f in X with p({1},{1}) = O,
zero operator.
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Example 3.11. Let X = [0,00) N Q and B(H) be the set of all bounded linear operators on a Hilbert space H.
Define p : X x X — B(H) by p(x,y) = max {z, y}I for all z, y € X, where [ is the identity operator on H. Then

(X,B(H),p) is a 0-complete C*-algebra valued partial metric space. Let f: X — X be defined by

3

T
- X.
fx 5(1+x2),w6
For x, y € X, we have
23 y3
_ I
p(fz, fy) mazx {5(1+z2)’ 5(1+y2)}
a3 y3
- I
- [5(1+x2)+5(1+y2)}
1 x2 y2
_ 1 I
5 |:(1+x2)l‘+ (1+y2)y:|
1
< 5(9&4—9)]
1 i v
< - T sa+e) !
< 5[max{5(1+$2)’y} +mal‘{5(1+y2)’x} J

— ll(p(fx,y) +p(fy,x))

5

= A(p(fz,y)+p(fy,x)),

where A= 11 € B(H), with | A[= 1% <

1
3

Thus, all the conditions of Theorem hold true and 0 is the unique fixed point of f in X with p(0,0) = O, zero

operator.

Here we present some examples showing the use of Theorem

Example 3.12. Let X = [0,00) N Q and B(H) be the set of all bounded linear operators on a Hilbert space H.
Define p : X x X — B(H) by p(x,y) = maz {x, y}I for all z, y € X, where I is the identity operator on H. Then

(X,B(H),p) is a 0-complete C*-algebra valued partial metric space. Let f : X — X be defined by

For z, y € X, we have

fo=

.’,E2 2
p(fr, fy) = maar{ i }I

xT

31+x) 3(1+v)

: kuix>* E ]I

3(1+y)

_ 1 z Yy
- 3{a+x>*kl+w4[
= %(%Ly)l

= LU ) + o)

3

= Ap(fz,z)+p(fy,v)),

where A= 1I € B(H), with | A[=1 <

1
3

2

3(1+x)

, Ve € X.

Thus, all the conditions of Theorem hold true and 0 is the unique fixed point of f in X with p(0,0) = O, zero

operator.
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Example 3.13. Let B(H) be the set of all bounded linear operators on a Hilbert space H and X = {[3,3+57"] :
n € NYU{[3—-5"",3] : n € N} U {{3}}, where {3} = [3,3]. We define p : X x X — B(H) by p([a,b],[c,d]) =
(max {b, d} —min{a, c})I, where I is the identity operator on H. Then (X, B(H),p) is a 0-complete C*-algebra
valued partial metric space. Define a mapping f : X — X by

[3—-5-(*tD 3] if x=[3,3+5"],
fr=1¢ [3,3+5 D] if a=[3-5"3]
{3}, if == {3}.

We now show that f satisfies the condition (3.9)) of Theorem 3.5

Case-I: v =[3,3+57"], y=[3-57%3], n, k e N.

Then,
p(fz, fy) =p([3 = 5" 3],[3,3 + 5 *F1]) = é (57" +577) 1,
p(fe,e) = p(3 — 5~ 3] 3,3+ 57"]) = (57" + 5Dy [ = g 5l
p(fy.y) =p(8,3+5 V3 -57%.3) = (57" 4574 T == 25*’“ L.
Therefore,

(p(fz,z) +p(fy,y)) = A(p(fz,z) +p(fy,v)),

| =

p(fx, fy) = % (5" +5M) 1=

where A= 1I € B(H), with | A[=1% < 3.
Case-II: z = [3,3 + 57 "], y = {3}.

In this case, .
p(fz, fy) =p(3 =571, 3],{3}) = = 57" L,
pf) = pl(3 =570, 3, 3,34+ 57) = S5 1,
p(fy.y) = p({3},{3}) = O.

Therefore,

p(fz, fy) =

where A= 11 € B(H), with | A|=

é (p(fz,2) + p(fy,vy)) = A(p(fz, ) + p(fy,y)),
i<l

Case-IIT: © = [3—5"",3], y = {3}.

Then,
p(fz, fy) = p([3,3+ 5" "V] {3}) = % 5771,
p(fa, ) =p(3,3 457 D) 3 -5 3) = 0571,
p(fy,y) = p({3},{3}) = O.
Therefore,

p(fz, fy) = A(p(fz,z) +p(fy,v)),
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where A= 11 € B(H), with | A[=1% < 3.

Case-IV: x = y is trivial and in this case

p(fz, fy) 2 A(p(fz,z) +p(fy,v)),
where A =11 € B(H)'_|r

Therefore,
p(fz, fy) 2 A(p(fz,z) +p(fy,v)),
for all =, y € X, where A= 1T € B(H) | with | A|< 1.

Thus, we have all the conditions of Theorem [3.5 and {3} is the unique fixed point of f in X with p({3},{3}) = O,
zero operator.

4 Some Coincidence Point Results

Definition 4.1. [I] Let f and g be self mappings of a set X. If y = fax = gx for some x in X, then z is called a
coincidence point of f and g and y is called a point of coincidence of f and g.

Definition 4.2. [I0] The mappings f, g : X — X are weakly compatible, if for every z € X, the following holds:
g(fz) = f(gx) whenever fx = gz.

Proposition 4.3. [I] Let f and g be weakly compatible self maps of a nonempty set X. If f and g have a unique
point of coincidence y = fx = gz, then y is the unique common fixed point of f and g.

We state the following lemma which is a key result in this section.

Lemma 4.4. [8] Let X be a nonempty set and f : X — X a function. Then there exists a subset G C X such that
f(G) = f(X) and f: G — X is one-to-one.

Theorem 4.5. Let (X, A, p) be a C*-algebra valued partial metric space and the mappings f, g : X — X satisfy the
following condition

p(fz, fy) < B*p(gz, gy)B (4.1)

for all z, y € X, where B € A with ||B|| < 1. If f(X) C g(X) and ¢g(X) is a 0-complete subspace of X, then f and g
have a unique point of coincidence u(say) in g(X) with p(u,u) = 6. Moreover, if f and g are weakly compatible, then
f and g have a unique common fixed point in g(X).

Proof . By Lemma there exists G C X such that g(G) = ¢g(X) and g : G — X is one-to-one. Define
h:g(G) = g(G) by h(gz) = fx. This is possible as f(X) C g(X). Then h is well defined, as g is one-to-one on G.

For all gz, gy € g(G), we obtain from condition (4.1]) that

p(h(gx),h(gy)) = p(fz, fy) < B*p(9z, gy)B.

Since ¢(G) = g(X) is 0-complete, by Theorem there exists a unique gxo € g(X) such that h(gzo) = gzo = u, say
with p(u,u) = 6. That is, fxg = gxo = u. Hence, f and g have a unique point of coincidence u in g(X).

If f and g are weakly compatible, then by Proposition it follows that f and g have a unique common fixed point
in g(X). O

Corollary 4.6. Let (X, A, p) be a 0-complete C*-algebra valued partial metric space and let g : X — X be an onto
mapping satisfying
p(z,y) = B*p(gz, gy) B

for all x, y € X, where B € A with ||B|| < 1. Then g has a unique fixed point u(say) in X with p(u,u) = 0.
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Proof . The proof follows from Theorem [£.5] by taking f = I. O
The following theorem is a consequence of Theorem and Lemma [4.4

Theorem 4.7. Let (X, A, p) be a C*-algebra valued partial metric space and the mappings f, g : X — X satisfy the
following condition

p(fz, fy) < Blp(fz,gz) + p(fy, 9v)]

for all z, y € X, where B € A/, and |B|| < 3. If f(X) C g(X) and g(X) is a O-complete subspace of X, then f and g
have a unique point of coincidence u(say) in g(X) with p(u,u) = 6. Moreover, if f and g are weakly compatible, then
f and g have a unique common fixed point in g(X).

The following theorem is a consequence of Theorem [3.5] and Lemma [£.4]

Theorem 4.8. Let (X, A, p) be a C*-algebra valued partial metric space and the mappings f, g : X — X satisfy the
following condition

p(fz, fy) < Blp(fz, gy) + p(fy, gz)]

for all z, y € X, where B € A, and ||B|| < % If f(X)C g(X) and g(X) is a 0-complete subspace of X, then f and g
have a unique point of coincidence u(say) in g(X) with p(u,u) = 6. Moreover, if f and g are weakly compatible, then
f and g have a unique common fixed point in g(X).

As an application of Theorem we can discuss the existence of unique fixed point of an expansive mapping in
partial metric spaces.

Theorem 4.9. Let (X, p) be a O-complete partial metric space and let g : X — X be an onto mapping. If there exists
k > 1 such that

p(gz,gy) = kp(z,y)
for all z, y € X, then g has a unique fixed point u(say) in X with p(u,u) = 0.

Proof . The proof follows from Theorem by taking f =1 and A=C. O

5 An Application

In this section, we give an application of Theorem In fact, we consider an operator equation and discuss its
unique solution.

Example 5.1. Let H be a Hilbert space, B(H) be the set of bounded linear operators on H and let g : B(H) — B(H)
be a bijective map. If T1,T5,--- , Ty, -- € B(H) with Z | T |?< 1 and Q € B(H),, then the operator equation

n=1
9(X) =Y Trig(X)T, = Q
n=1
has a unique solution in B(H).
Proof . Choose a positive operator T' € B(H). For X,Y € B(H), we define

pX,Y) =[| X =Y [T

Then (B(H), B(H),p) is a 0-complete C*-algebra valued partial metric space.
Define F': B(H) — B(H) by

F(X) =Y T9(X)Tm + Q.
n=1
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Then,

p(g Y))

p(F(X), F(Y)) = ( 1T ||2> 19(X) =g T

( 1T 1

= X),9(Y))

for all X,Y € B(H) and B = (Z | T, ||2 I € B(H) with || B ||< 1. As g is onto, all the hypotheses of Theorem

are fulfilled. By applying Theorem [4.5) . there exists a unique g(Xy) in B(H) such that g(Xy) = F(Xp). Thus,
there exists a unique Xy € B(H), g being one to one such that

= Trg(Xo)T + Q.

n=1

O

Remark 5.2. In particular, if ¢ = I then the operator equation

XfiT;:XTn:Q

n=1

has a unique solution in B(H). Thus, there exists a unique X, € B(H) such that

X = Z T XoT, + Q.

n=1
Since @ is a positive operator, we have

Xo = TrXeTo+Q.

n=1

Uniqueness of Xy implies that X¢ = X and hence the solution is a self-adjoint or Hermitian operator.
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