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Abstract. We utilize Hardy-Rogers contraction and CJM—contraction
in a C*—algebra valued partial metric space to create an environment to
establish a fixed point.

Next, we present examples to elaborate on the novel space and val-
idate our result. We conclude the paper by solving a boundary value
problem and a matrix equation as applications of our main results which
demonstrate the significance of our contraction and motivation for such
investigations.

1 Introduction and preliminaries

Recently Chandok et al. [3] acquainted with the C*—algebra valued partial
metric combining the notions of partial metric (Matthews [12]) and C*—algebra
valued metric ( Ma et al. [10]). Tomar and Joshi [17] pointed out, by giving
explanatory examples that functions have different natures in different spaces
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and the consequences in C*—algebra valued metric space can not be reduced
to their metric counterparts unless unital C*—algebra, A = R. Further, Tomar
et al. [16] familiarised contractiveness and expansiveness in a newly introduced
space to establish a fixed point and utilized these to solve an integral equation
and an operator equation.

In the present work, we familiarize Hardy-Rogers contraction [6] and CJM—
contraction [5]. The basic idea comprises utilizing the non-negative elements
of an unital C*—algebra (A) as an alternative to a set of real numbers. Our
outcomes are improvements and extensions of the existing results in metric
spaces. Further, we provide illustrative examples to validate our result. Ap-
plications to a Boundary Value problem and a matrix equation conclude the

paper.

Definition 1 [3] A C*—algebra valued partial metric is a function p : M X
M — A on a non-empty set M if:

(i) 0 <X p(ro,v) and p(ro,w) = p(v,v) = p(to,v) if and only if v =v, O is
zero element of A;

(i) p(w,w) < p(w,v);

(iii) p(rv,0) =p(v,);

(iv) plr,v) < p(r,3) +p(3 ) —Pp(33), w,0,5 € M.

Here, (M, A,p) is a C*—algebra valued partial metric space.
One may refer to [13] and [19], to study in detail on C*—algebra.

The following example is given by Tomar et al. [16].

Example 1 Let F(M) be a collection of balls such that B(rog, p) = {v : [tog —
| < p, p>0}and A = My (C) be the C*—algebra of complex matrices. If
A = [ay] € A, then A* = [aji] is a non-zero element of A. Norm is de-
fined as, ||Al| = sup{||Ax|2 : « € C||x|; < 1}, where |.|[2 is the usual
12—norm on C™. Define p : F(M) x F(M) — A by p[B(ty, p), B(vg, 0)] =
[ — 0ol AA* +max{p, o}l. Then p is a C*—algebra valued partial metric how-
ever, it is neither a C*—algebra valued metric nor a standard partial metric,

since P[B(mo, p)) B(mO) p)] =P 7& 0 and

p[B(mO) p))B(UO) T)] = | — UO|AA* + maX{p»T}I
= [[tog — 30l + |30 — Vo[JAA™ + [max{p, o} + max{c, T} — o]I
= p[B(mOa p)) 8(50) G)] + p[B(30) G)) B(DO) T)] - p[B(ﬁ()) G)) 8(50) G)]
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The C*—algebra valued partial metric reduces to the standard partial metric
on taking A = R. For detailed discussions on C*—algebra-valued metric spaces,
one may refer to Tomar and Joshi [17]. Tomar et al. [16] discussed the con-
vergence of the sequence when it converges to a zero element of (M, A,p) and

introduced the following definitions to create an environment to establish a
fized point in (M, A,p).

Definition 2 [16]

(i) A sequence{ron},  is called a Cauchy sequence in (M, A, p) iflimy m—00
p(ton, o) exists with respect to A and is finite.
(ii) (M, A,p) is complete if every Cauchy sequence {ron}, .y converges with
respect to A in M, to a point o € M and satisfy
lim p(tn, wy) = lim p(ton, toy) = p(to, ).
n—oo

n,m—oo

(iii) The sequence {ron}, oy in (M, A,p) 8—converges to a point ro € M if

Jim p(ron, w) = lim p(ton, ton) = p(,w) = 0.

(iv) A sequence {ton}, oy 95 0—Cauchy if limp ;m o P(Om, ton) = 06, 0 is the
zero element of (M, A, p).

(v) (M, A,p) is called 0— complete if every 0—Cauchy sequence converges
to a point o € M and p(t,to) = 0.

Example 2 (Example 3.5—Tomar et al. [16]) Let

I, ifro=0v
p(to,0) = .
p(to,v) =2I;  otherwise.

If M is a Hausdorff space and B(M) is the set of all bounded functions,
then B(M) becomes a C*—algebra with |f(w)| = supyeaq [f(t0)]. Here, the
sequence {ton} = a, n > 1 is not 0—Cauchy as it converges to a. However,
{rwn} is a Cauchy sequence. Implying thereby that every 06— Cauchy sequence
in (M,A,p) is a Cauchy sequence. However, the reverse implication is not
necessarily true.

Remark 1 [16] It is worth mentioning here that if a sequence —converges to
some point then its self-distance, as well as the self-distance of that point, is
equal to zero element of (M, A,p).
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2 Main results

In the following, A" denotes a set of self-adjoint (positive) operators of A.
Now, following Ma et al. [10], we introduce a Hardy - Rogers contraction and
a CJM—contraction, then utilize these to establish a fixed point.

Definition 3 A self-map T of (M, A,p) is called a C*—algebra valued Hardy-
Roger contractive map if

p(Tro,Tv) < Ap(ro,v)+Bp(to, Tw)+Cp(v, Tv)+Dp(v, Tro)+Ep(o, To), (1)
Vi,veM, |[A+B+C+D+E|<Tand A, B, C, D, £ € A*.

Example 3 Let M = C and A =Collection of all scalar matrices on C. Let
p:Mx M — A be defined as,

. maX{|m|)|U|} 0
p(to,0) = [ 0 max{|to], |U|}] '

So (M, A,p) is a C*—algebra valued partial metric space and

I 0
p(to,10) = [0 o] £0.
A function T : M — M defined as
T v is even
Tro = %4,  is odd
0, otherwise

is a C*—algebra valued Hardy-Roger contraction for 8 < A=D =& < % and
0<B=C<3.

It is fascinating to see here that, 7 is not a Hardy-Roger contraction [6] as a
space under consideration is not a standard metric space.

Definition 4 A self map T in (M, A, p) is called a C*—algebra valued CJM—
contraction, if

(a) for each ¢ = O there exists a number & = 0 satisfying

p(o,0) < e+ 6= p(Tw,Tov) <c¢,
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(b) w#0v = p(Tw,Tv) <p(w,v), w0 M.

Example 4 Let M = {0, JU{Zn:n € NJU{Z" + ;1o :n € N} and
A =Collection of complex diagonal matrices defined on M. Letp : M x M —
A be defined as,

|l — o] + max{tv, v}, 0 .
p(w,0) = 0, (o — o] + max{ro, v}) | * 5 MAP) is @
C*—algebra valued partial metric space and p(w,1) = [‘g’ tﬂ . A func-
2n—1 1
A=+ = w=2

tion T : M x M — R be defined as Tro = 7 e n. , 1S
0, otherwise

a C*—algebra valued CJM—contraction for ¢, 6 > 6.

It is fascinating to see here that, 7 is not a CJM— contraction [5] as a space
under consideration is not a standard metric space.

Now, we establish our result for C*—algebra valued Hardy-Rogers contrac-
tion.

Theorem 1 If a self map T is a continuous C*—algebra valued Hardy-Rogers
contractive map (1) of a 0—complete C*—algebra valued partial metric space

(M, A;p), then T has a unique fized point 3 € M and p(T3,T3) =6 =p(3,3)-

Proof. Starting from the given element tvy € M, form the sequence {t,} ,
where o, = Tw,_1,n € N. If p(ton, to,41) = 0, for some n > 0, then 7w, =
W41 = W, and p(n, toy) = 0 and this completes the proof.

Further, take p(ton,w,11) = 6, n > 0. For to = to,11,0 = o4, in condi-
tion (1),

P(tony1, ni2) = p(T1on, Tron)

= Ap(ton, wn 1) + Bp(tog, Tron) + Cp(tog 1, Tron )
+ Dp(wn41, Tron) + Ep(ton, Tton 1)

= Ap(ton, 0n41) + Bp(ton, oni1) + Cp(0ns1, Wni2)
+ Dp(mnH ) mn—H) + 5[p(mn, mn-H) + p(mn—H ) mn+2)
_p(mnﬂ,mnﬂ)]

=(A+ B+ E)p(on,wn41) + (C+ E)p(tons1, ton12)
+ (D = &)p(oni1, oni1),

(2)
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and

P(oni2,Wny1) = p(T 10041, Tion)

= Ap(ton i1, 00) + Bp(tony1, Tron 1) + Cp(tog, Tron)
+ Dp(mn,Tmnﬂ ) + Ep(rony, Tron)

= Ap(ton i1, 00) + Bp(tony2, 0n41) + Cp(ton i1, on)
+ Dlp(ron, 0n41) + P(0ny1, 0042) — P01, 0147)]
+ gp(mn-&-])mn—&-l)

= (A+C+ D)p(wn, wni1) + (B + D)p(tony1, on42)
+ (€ —D)p(ron41, 0n41).

3)

Adding (2) and (3)
2p(wny1,0n42)) 2 (2A+B+C+ D+ E)P(ton, ton41)
+ (B+C+ D+ E)p(toni1,toni2),
that is,
(2-B—=C—D = &)p(oni1,wn12)) 2 (2A+ B+ C+ D + E)p(ton, ont1),

that is,

2A+B+C+D+€&

where, & = LR and 0 < | €] <1.

Now, for n > m,
plton, om) < plton, on_1) + p(ton_1,0n-2) + ... + p(Omi1, 0m)
— p(wn_1,0n1)—p(ton_2,0n_2)—... — P(W0mi1, Wi s1)p (100, 0m)
= p(mn)an) +p(mn7hmn72) +... +P(mm+1>mm)
< (EMTHET 4+ EM)p o, ),
and hence limp m—00 P(ton, o) = 0, that is, {ton}, o is a Cauchy sequence
in (M, A,p).
Using 6—completeness of (M, A,p), we have 3 € M so that v, — 3 in

(M)A)p) and p(é)é) =0.
Now,

p(ﬁ) TZ) = 'P(Z)» On 41 ) =+ p(mn-H ) Tﬁ) - p(mn-H y On41 )
=P (3 n1) +p(Tron, T3) — (o1, Wny).
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Since T is continuous, n — oo implies that,
p(3,73) = (B+C+D+E)p(3,73) <3 T3),

a contradiction, so p(3, 73) = 6.
Thus, p(T3,7T3) =p(3,73) =p(3,3) =0, that is, 3 is a fixed point of T.
To conclude the theorem, suppose 3 and to are two different fixed points of T,
SO
p(3,0) =p(T3 Tw) = Ap(3, ) + Bp(3, 73) + Cp(w, To)
+ Dp(w, T3) + Ep(3, T),

< (A+D+E)p(3 )

< (A+B+C+D+E)pl3mw)

< p(3 ),

a contradiction. So, p(3,w) = 0. Hence, 3 = . O

Next, an example is provided to validate Theorem 1.

Example 5 Let M = C and A = M3(C) be the set of complex matrices. Let,
fora>b>c>0,p: M x M — A be defined as,

af(mw, v) 0 0
p(to,0) = 0 bf(,v) 0 ;
0 0 cf(m, v)

where,  f(ro,v) = max{|w|],|v|]}. So (M,A,p) is a complete C*—algebra
valued partial metric space and

allw|| 0 0
p(o,w)=| 0  blw| 0 | #6.
0 0 c||rol|

A continuous function T : M — M defined as Tro = 3, is a C*—algebra
valued Hardy-Roger contraction for 8 < A=B=C < %, 0 <D=¢€ < %.
Consequently, postulates of Theorem 1 are verified and T has a unique fized
point at vo = 0.

Remark 2

(i) Conclusion of Theorem 1 continues to be true if B=C =D =& =0 and
we get an extension of Banach [2], to C*—algebra-valued partial metric
spaces.
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(ii) Conclusion of Theorem 1 continues to be true if A=D =& = 0 and
B = C and we get an extension of Kannan [8] to C*—algebra-valued
partial metric spaces.

(iii) Conclusion of Theorem 1 continues to be true if A=B=C = 0 and
D = &, we get an extension of Chatterjea [4] to C*—algebra-valued partial
metric spaces.

(iv) Conclusion of Theorem 1 continues to be true if D =& = 0, we get an
extension of Reich [14] to C*—algebra-valued partial metric spaces.

Now, we establish our next result for C*—algebra valued CJM—contraction.

Theorem 2 Theorem 1 continues to be true if (1) is replaced by C*—algebra
valued CJM-contractive map.

Proof. Define a Picard sequence {ton} C M, w,1 = Ty, n € Ny. If
p(ton, 0,41) = 0 for some n > 0, then 7wy, = o4 = oy and p(toy,to,) =06
and the proof is complete.

Now, let for all n € Ny, p(ton, ton41) > 0. Using (b), we get

P(ny1,0n42) = p(Thon, Tony1) < pton, wn41),

that is, the sequence {p(ton, v, 1)} is bounded below and decreasing. Thus, it
is convergent and

limp 0o p(ton, 1) =€ = 0. If € = 0, then € < p(toy, on41), for n > m or

€= p(mn)mn+1) < e+ 6(5)) n>m,

which contradicts condition (a). Thus, limy— e (105, o) = 0.

Now, we demonstrate that {p(ton, 1)} is a Cauchy sequence. Fix an ¢ > 0,
we may consider = (e) < €. Since {p (1, ton+1)} is monotonically decreasing
to 0, there exists m € N; n > m satisfying p(ton, wn.1) < %.

We shall use the principle of mathematical induction to demonstrate that for
leN

5
P (m, omst) < §+ S <e+s. (4)

Clearly, Equation (4) holds for 1 = 1. Suppose Equation (4) holds for some 1.
We shall prove it for 1+ 1. By the property (iv), we have

Py Wmp11) 2P0, Wm 1) + P01y Wmp1) — P01, ).

It is enough to show that p(toy,11,0m141) < <. By the induction hypothe-
sis, P(tom, mi1) < £+ 2 < £+5. So using (a), p(mi1, Wmiir1) < £
Hence, Equation (4) implies that {w;,} is a Cauchy sequence in M.
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Using 6—completeness of (M, A, p), there exists 3 € M so that o, — 3 in
(MaAap) and p(ﬁ)ﬁ) =0.

Since 7 is continuous, w7 = Tton, — T3.

Hence, T3 = 3, that is, 3 is a fixed point of T.

To conclude the proof, let 3 and o be two different fixed points of T.

p(3y0) =p(T3, Tro) < p(3, ),

a contradiction. So, p(3,w) = 6.
Hence, 3 = 1. O

Next, an example is provided to validate Theorem 2.

Example 6 Let M =C and A = M;(M) be the set of complex matrices. Let,
fora>0,p: Mx M — A be,

p(1, v) = Iro — o] + max{|w], [v]} 0
) 0 (| — b| + max{rl, [o[})|"

So, (M, A,p) is a complete C*—algebra valued partial metric space and

_|lml 0
p(to, ) = [o Wl # 0
A continuous function T : M — M given by Tw = 2, is a C*—algebra
valued CJM—contraction. Hence, all the postulates of Theorem 2 are verified
and T has a unique fized point at vo = 0.

It is interesting to see that Examples 5 and 6 can not be covered by any
function in a standard metric space, a partial metric space, or a C*—algebra
valued metric space in the context of Hardy and Roger [6] and Gérnicki [5].
Consequently, C*—algebra-valued partial metric space is an improved version
of existing spaces wherein unital C*—algebra (A) is exploited as an alternative
to a set of real numbers and the results in this space are genuine generalizations
/ improvements / extensions of the corresponding outcomes in the literature
in standard metric spaces. Further, the results of C*—algebra-valued partial
metric spaces do not coincide with / derived from the results in other related
spaces.

3 Application

Now, we utilize Theorem 1, to solve a boundary value problem.
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Theorem 3 Consider a boundary value problem

dZ
o = —otmb), tel=[-1,1 and ¢ € C(LR) (5)
with two-point boundary condition w(—1) = 0,w(1) = 0.
Assume the following:

(i) ¢ : I x R — R is a Lipschitz continuous relative to w for Lipschitz
constant value 0 < ||| < %,V t € I,og,t0; € R such that [|d(t,w7) —
b(t,2)]] < E(t)||rog — 13| and function & is continuous on 1.

(ii) |d(t, )] < u(t) ||, where, 0 < ||u|] < % and function W is continuous
on L.

Then, the differential equation has exactly one solution w* € C(I,R).

Proof. The problem in equation (5) may be rewritten as
1
o(t) :J G(t,u)d(u,ro(u))du, fortel, (6)
-1

(1—(1+u),-1<u<t<]
IT—uw(l+4+4t),-1<t<u<l

Now, if v € C?(I,R), then 1o is the solution of (5) if and only if it is the
solution of (6).

M = C(I), the set of a continuous function on I forms a C*—algebra with
pointwise operation with ||t||oc = maxc [t0], w0 € M.

Define p : M x M — M by p(to,v) = [||tv — v||+ |||+ ||v||]f is a C*—algebra
valued partial metric space, where, f is the self-adjoint element of M.

Define a self map 7 : M — M by

and the Green function G(t,u) = {

1
Tro(t) = L G4, w)(u, w(w))du, (7)

for all w € M and t € I. Now, our problem (5) may be expressed as deter-
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mining a fixed point of 7. So

1
Tro(t) — Tolt J]Qtu)(cb(u () — d(u, v(w)))dul
1
< L Gt 1) (1, (1)) — (1, 0(u))] du,
1
= | Gt,u)é&lro(u) —o(u)ldu
—1
1
< &w(u) — U(u)||oosupj G(t,u)du.
tel J-1
Therefore,
[ Tro(t) — To(0)] < (& [w(w) — o), - (8)
Since, JL G(t,u)du = 1 —t? and sup¢; IL G(t,u)du = 1.
Now,
1
Tl = || Gt wdlu, w)dy|,
—1
1
jj G(t) (s o(u)) | s
1
jj o (u) G (t, u)du,
- 1
<ulwly | Gt uldn
-1
Therefore,
ITw (0] < Il ]|, (9)
and also
1700 < Iull o]l (10)
Now,
p(Tto, 7o) = [|Tt0 — To||, + | Troll. + | To]|)f

(
[€ [[ro — o]l oo + 1]l + 1 lol[ o)

(&4 2n)([[ro — ][ + [[w][o + [[0ll50]1)

(&4 2uwW)p(w,0) < Ap(ro,v) + Bp(w, Tro) + Cp(w, To)
+ Dp(v,Tr) + Ep(o, To).

PPN H
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Taking A =&, B=C =D =& =%, we may observe that postulates of The-
orem 1 are verified, and so T has only one fixed point * € M, that is,
boundary value problem (5) has only one solution to* € M. O

Now, we make use of Theorem 2, to solve a matrix equation to demonstrate
the applicability of C*—algebra valued CJM—contraction map. In the follow-
ing, the symbol H || is the spectral norm of a matrix P = [pijlnxn, that is,
IP|| = /At (P*P), AT(P*P) is the largest eigenvalue of P*P, where P* is
the conjugate transpose of P. Further ||.|l;; denotes the trace norm of P and

HPHtr: 1|P1]|2 \/tT (P*P) = \/ 1 10% 77), oi(P), i=1,2,...,m,

denotes largest smgular values of P € M, (C). The set of all Hermitian ma-
trices of order n, H,(C) € M, (C), induced by this trace norm, is a Banach
space.

Theorem 4 Let a non-linear matriz equation be
W =L PIEOV) Py, (11)

where, the C*—algebra of complex matrices of order n, M = Mu,(C), P;¢€
M, (C) is an arbitrary matriz of order n. Let f : My(C) — Mn(C) be a
continuous self map satisfying f(0) =0 and

(i
(ii

(iii

max{[tr(fW)], [tr(fV)}T = 3 max{[tr(W)], [tr(V)}1x,

Itr(TW — TV, < 3tr(W — V)1,

trOWVY) < [|[W]|tr(V), W e M, (C),

I PP = Eln,  where identity matriz of order n, I, € Mu(C) and
n #0.

Then the matriz equation (11) has exactly one solution W* € M. Further, the
iteration Wy = L' [P (WV)P;, Wo € Mn(C) such that Wy =< LI [PV Py,
converges to W* € M satisfying the nonlinear matriz equation (11)

- L L Z

(iv

Proof. Let a map 7 : M — M be defined as
TOW) = L POV Py (12)
and a C*—algebra valued partial metric p : M x M — M be

POV, V) = [max{|{trW|, [trV]} + [tr(W — V)|] I
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Noticeably, a fixed point of 7 is a solution of a matrix equation (11).

p(TW,TV) = max{tr|TW|, tr[TV|} + [tr(TW — TV)|I1
= [max{[tr(Z{, POV P, [tr(Z, PEF(VIP)
+ [tr(Z1 P (F V) — FOV)P))[| Tn
= [max{|tr(Z}, P{Pf V)], Itr(Z, PEPE(V))]}
+ [tr(Z PP (W) — FOV)] In
= PP [ max{ltr(PW)], [tr(FV)]} + [FW — V]I,

< ||n1||211[max{|tr(wn, e (V)]} + (W — V)L

= 2 [max(itr V)], [r (V) + er(6% — V)] L,

<pW, V).

Taking ¢ = %[maX{ItT(WH, [tr(V)[} + [tr(fW — fV)|] I, and b = %E,
PIWVY) < e4+0 = p(TW,TV) <¢ and W #V = p(TW,TV) <
POV, V).

We may observe that postulates of Theorem 2 are verified, and 7 has only
one fixed point W* € M, that is, matrix equation (11) has only one solution

Ww* e M. O

4 Conclusion

Acknowledging the C*—algebra valued partial metric space, we have famil-
iarized Hardy-Roger contraction [6] and CJM—contraction [5] in it to elicit
the fixed point theorems in the most generalized environment. From our re-
sults, we have deduced results for a C*—algebra valued variants of Kannan
contraction[8], Chatterjee contraction [4], Reich contraction [14] and Banach
contraction [2]. Further, we have solved a boundary value problem using
C*—algebra valued Hardy-Roger contraction and a matrix equation using
C*—algebra valued CJM— contraction. The motivation behind using this space
is its application in quantum field theory and statistical mechanics. It is worth
to mention that there may be some circumstances when it is possible to apply
C*—algebra valued partial metric results, however it is not possible to apply
standard metric results . These novel ideas promote further examinations and
applications.



354 A. Tomar, M. Joshi
References
[1] Hamed H Alsulami, Ravi P Agarwal, E. Karapmar and F. Khojasteh,

[10]

[11]

[12]

[13]

A short note on C*—valued contraction mappings, J. Inequal. Appl.,
2016(1) (2016), 1-3.

S. Banach, Sur les operations dans les ensembles abstraits et leur appli-
cation aux équation intégrales, Fund. Math., 3 (1922), 133-181.

S. Chandok, D. Kumar and C. Park, C*—algebra valued partial metric
space and fixed point theorems, J. Ind. Acad. Math., 129(3) (2019), 1-9.

S. K. Chatterjee, Fixed point theorem, C. R. Acad., Bulgar Sci., 25
(1972), 727-730.

J. Gérnicki, Remarks on contractive type mappings, Fized Point Theory
Appl., 2017(1) (2016), 1-12.

G. E. Hardy and T. D. Roger, A generalization of a fixed point theorem
of Reich, Cand. Math. Bull., 16(2), (1973), 201-206.

Z. Kadelburg and S. Radenovi, Fixed point results in C*—algebra-valued
metric spaces are direct consequences of their standard metric counter-
parts, Fized Point Theory Appl., 2016(1) (2016), 1-6.

R. Kannan, Some results on fixed points-1I, Amer. Math. Monthly, 76(4)
(1969), 405-408.

Xiaoyan Lv and Yuqgiang Feng, Some fixed point theorem for Reich
type contraction in generalized metric spaces, J. Math. Anal. Appl., 9(5)
(2018), 80-88.

Z. Ma, L. Jiang and H. Sun, C*—algebra-valued metric spaces and related
fixed point theorems, Fized Point Theory Appl., 206 (2014).

Z. Ma and L. Jiang, C*—Algebra-valued b—metric spaces and related
fixed point theorems, Fized Point Theory Appl., 222, (2015).

S. G. Matthews, Partial metric topology, General Topology and its Appli-
cations, Proc. 8th Summer Conf., Queens College, 1992. Ann. New York
Acad. Sci., 728 (1994), 183-197.

G. J. Murphy, C*—algebra and operator theory, Academic Press, London,
(1990).



On existence of fixed points and applications to a ... 355

[14]

[15]

S. Reich, Some remarks concerning contraction mappings, Can. Math.
Bull., 14, (1971), 121-124.

T. Senapati and L. Kanta Dey, Remarks on common fixed point results in
C*-algebra-valued metric spaces, J. Inform. Math. Sci., 10(1 & 2) (2018),
333-337.

A. Tomar, M. Joshi, and A. Deep, Fixed points and its applications in
C*—algebra-valued partial metric space, TWMS J. App. and Eng. Math.,
11(2) (2021), 329-340.

A. Tomar and M. Joshi, Note on results in C*—algebra-valued metric
spaces, FElectron. J. Math. Analysis Appl., 9(2) (2021), 262-264. https:
//doi.org/10.1007/s41478-019-00204-frac.org/Journals/EJMAA/

Q. Xin, L. Jiang and Z. Ma, Common fixed point theorems in C*—algebra-
valued metric spaces, J. Nonlinear Sci. Appl., 9(9) (2016), 4617-4627.

Q. H. Xu, T. E. D. Bieke, and Z. Q. Chen, Introduction to operator
algebras and non commutative Lp—spaces, Science Press, Beijing, (2010)
(In Chinese).

Received: November 5, 2020


https://doi.org/10.1007/s41478-019-00204- frac.org/Journals/EJMAA/ 
https://doi.org/10.1007/s41478-019-00204- frac.org/Journals/EJMAA/ 

