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ABSTRACT

In this note, we show that the main result (Theorem 3.2) due
to Asim et al. (Appl. Gen. Topol, 23(2), 363-376 (2022)
https://doi.org/10.4995/agt.2022.17418) is still valid if we remove the
assumption of continuity of the mapping.
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1. INTRODUCTION

One of the most important results used in nonlinear analysis is the well
known Banach contraction principle [16] which states that any contraction
mapping on a complete metric space has a unique fixed point. This principle
[16] has played a key role in the development of metric fixed point theory in
the recent past. The fruitfulness of this basic principle is evident from the fact
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that several researchers have obtained its several interesting extensions and
generalizations in different directions (see [1, 2, 4, 8, 3]).

These generalization are done on the basis of two main aspects, one is the
ambient space and the other is the contraction map. Motivated by this idea,
several authors have studied various generalizations of this notation in different
types of metric spaces.

In 1994, Matthews [19] introduced the notion of a partial metric space and
proved the Banach contraction principle [16] in this new distance structure.
Afterwards, many fixed point theorems in partial metric spaces were obtained
by several mathematicians.

In 2014, Asadi et al.[13] extend the concept of partial metric spaces and
presented some examples to show that their definition is a real generalization
of partial metric space by introducing the concept of M -metric space. On the
other hand, Altun et al. in [7] discussed on the topological structures of M-
metric space. They emphasized that the sequential topology is stronger than
the topology induced by open balls.

One of the interesting generalization of metric space was given by Bran-
ciari [17] by introducing the concept of generalized metric space. Moreover,
Branciari proved the analogue of Banach fixed point theorem in the general-
ized metric spaces. Latter on, Ozgiir et al. [25] introduced the concept of a
rectangular M-metric space, along with proving the analogue of Banach fixed
point theorem in the rectangular M-metric spaces [25].

As mentioned earlier, another way to generalize the Banach fixed point
theorem by extended the notion of contractive condition instead of distance
structure. Based on this fact, in 2012, Wardowski [27] introduced the con-
cept of F-contraction and proved a fixed point theorem which extends the
Banach fixed point theorem in the setting of complete metric space. In 2018,
employing the idea of Branciari and Wardowski, Zheng-ying [18] proved the
analogue of Wardowski fixed point result in the generalized metric space. In
2019, Sahin et al. [26] proved two fixed point results for multivalued F-
contraction on M-metric space. For more results in this direction, we refer
to [11, 12, 14, 20, 21, 22, 23, 24, 26, 9, 10, 5, 6].

On the other hands, Asim et al. [15] introduced the concept of F-contraction
in rectangular M-metric space as follows:

Let (X, m,) be a rectangular M-metric space and F' € F. A mapping T : X —
X is called F-contraction if there exist 7 > 0 such that for all z,y € X with
m,(Tz,Ty) > 0, we have

™+ F(m, (T2, Ty)) < F(m, (x.y)), (L1)

where F is the set of all functions F': Ry — R satisfying the following condi-
tions:

(F1) F is strictly increasing: s <t = F(s) < F(t);
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(F2) For each sequence {s,}nen in Ry, lim, o s, = 0 if and only if
lim,, oo F(sp) = —00;

(F3)  There exists k € (0,1) such that lim,_,o+ s*F(s) = 0.
Let us recall the statement of the Theorem 3.2 from [15].

Theorem 1.1 ([15]). Let (X, m,) be a rectangular M-metric space and T :
X — X be a continuous F-contraction. Then, T has a unique fized point
x* € X and for every xg € X, a sequence {T™xq : n € N} is convergent to x*.

In this paper, we show that the assumption of continuity considered in The-
orem 1.1 can be removed. Moreover, we give an example of a mapping on a
rectangular M-metric space where the result of Asim et al. [15] is not applica-
ble.

2. PRELIMINARIES

Let us recall some of the concepts given in [25].

Definition 2.1 ([25]). Let X be a nonempty set. A mapping m, : X x X —
[0, 00) is said to be m,-metric if for any x,y € X, the following conditions hold:

(1

(2
(3
(4

) mr(xa y) =M, , = Mrz,y T =Y,

) my, , < mg(z,y),

) mr(x, y) = mf‘(yvx)’

) mr(xay)*mm,y < mr(z,u)fmrmqurmr(u,v)fm”merr(v,y)fmq,yy

for all u,v € X\{z,y},

where m, = min{m,(z,z), m.(y,y)} and M, = max{m,(z,z), m.(y,y)}.
The pair (X, m,) is called a rectangular M-metric space.

Definition 2.2 ([25]). A sequence {z,} in a rectangular M-metric space X is
said to be:

(a): convergent to some z € X if and only if

i (1012) =) =0

In this case we write x,, — = as n — oo;
(b): a m,-Cauchy sequence if and only if

n ,rlériloo(m’r (:En7 $m) - mrwnwmm> and n ,,lrlLILlOO(MT‘T'nvfnL - m”-znvf?n)
> s

exist and finite.

A rectangular M-metric space X is said to be m,-complete if every m,.-
Cauchy sequence in X is convergent in X such that

lim (m, (zn,2) —m,, ,)=0and lim (M, ,—m, _)=0.
n— oo " n,m—00 mn; ns
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Lemma 2.3 (). [25] Assume that ©, — = and y, — y as n — o0 in a
rectangular M-metric space. Then

nh—)ngo (m’f (mnv yﬂ) - m"'wn,yn) = ’ITLT((E, y) - m"w,y'

Lemma 2.4 ([25]). Assume that x,, — = asn — oo in a rectangular M -metric
space. Then

lim (mr (Tn,y) — m”my) =m,(z,y) —my, ,, YyeX.

n—oo

3. MAIN RESULT

Before stating the main result, we first prove the following lemma for the
class of F-contraction mappings on rectangular M-metric spaces.

Lemma 3.1. Let T be a F-contraction on rectangular M -metric space (X, m,.).
If Picard iteration defined by

Tp =Txn,_1 n€EN, (3.1)
where xo is an initial guess in domain of an mapping T, converges to u* € X.

Then

lim Tz, = Tu*.
n—oo

Proof. We divide the proof into follwing two cases.
Case 1 :
Suppose that
lm m,. (T2, Tu*) = 0. (3.2)

m—0o0
Since

= min{m,(TZpm, T ), m,(Tu*, Tu*)} < mq(Tzp, Tu").

mTTwm,Tu*

On taking limit as m — oo on both sides of the above inequality, we have

. < 1 "
n}g%omrhm’“* < n}grcl)omr(Txm,Tu ).

By (3.2), it follows that
lim mp,, . =0. (3.3)

m—r o0

From (3.2) and (3.3), we get
mli_r}noo (m,.(Txm, Tu*) — m,.Tmm’Tu*) = 0.

Hence, T'z,, — Tu* as m — oo.

Case 2 : Suppose that

lim m, (T, Tu*) > 0. (3.4)
m—0o0
Since m,. (Txy,, Tu*) € [0,00), for all m € N, there exists N € N such that
My (T, Tu*) >0, Vm > N. (3.5)
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By (1.1) and (3.5), we obtain that
F(my(Txm, Tu*)) < F(my(zm,u")) — 7 < F(mp(Tm,u*)), VYm > N.
From (F'1), we get
My (T, Tu*) < my (T, uw*), Vm > N. (3.6)

Further, we consider the following two subcases:
Case (a) : Suppose that

mye(u*,u*) < lm me (T, Tm)- (3.7)
m— 00

In this subcase, we show that m,.(u*, u*) = 0.
If limyy, s 00 M (@4, Ty ) = 0. Then it follows from (3.7) that

my(u*, u*) = 0.

On the other hand, if lim;;,— 0o M (@4, ) > 0. Then, there exists v € N such
that

My (T, Ty) >0, Vm > v (3.8)
From (1.1), we have

Fmy(Tm, zm)) < F(me(Tm-1,Tm-1)) — 7, Vm > .
Continuing this way, we can obtain
F(my(zm, Tm)) < F(my(xo,20)) —mr, Vm >w.

It follows that
lim F(my(zm,Tm)) = —00. (3.9)

m—r oo

By using (F2) in (3.9), we get

lm m,(m, Tm) = 0.
m—r00

By (3.7), we obtain
my(u,u*) < lim me (2, 2,) = 0.
m—o0
That is,
my(u*, u*) = 0. (3.10)
Since m,.(Tu*, Tu*) € [0,00). If m,(Tu*,Tu*) = 0. Then from (3.10), we have

my(Tu*, Tu*) =0 =m,(u*,u"). (3.11)
On the other hand, if m,(Tw*, Tu*) > 0. Then from (1.1), we get
F(m,(Tu",Tu")) < F(m,(u",u*)) — 7 < F(m,(u",u")).
From (F'1), we obtain
my (Tu™, Tu") < m,(u*,u").
By using (3.10), the above inequality becomes
my(Tu*, Tu*) =0 =m,(u*,u"). (3.12)

© AGT, UPV, 2023 Appl. Gen. Topol. 24, no. 2 | 347



M. Abbas, R. Anjum and R. Anwar

It follows from (3.11) and (3.12) that
= min{m, (T, Tpm), m (", u*)} = m.(u*,u*) =0, Vm >wv and
(3.13)

Mgy e = WMy (T, T ), e (Tw™, Tu™) } = my (Tu®, Tu®) =0, Vm >wv.
(3.14)

P&, u*

Since, x,, — u* as m — oo. This implies that
M (T u™) — M, o — 0, M — o0
By using (3.13) in the above inequality, we have
My (T, u*) =0, m — 0. (3.15)
On taking limit as m — oo in (3.6), we have

n}gnoo My (T, Tu*) < mlgnoo Moy (T, ™). (3.16)

By using (3.15) in (3.16), we get
lHm m,. (T2, Tu*) = 0. (3.17)

m—o0

Taking limit as m — oo in (3.13), we have
My e — 0, M — 00 (3.18)
By combining (3.17) and (3.18), we obtain
My (T, Tu™) — Mgy g — 0, M = 00.
Thus Tx,, — Tu* as m — oo.
Case (b) : Now, suppose that

my(u,u*) > Hm mp (T, Ty). (3.19)
m—00

In this case, we show that
. =0 (3.20)

lim m,.
m—soo rm,

If m,.(u*,u*) = 0. Then from (3.19), we obtain (3.20).
If m, (v, u*) > 0. Assuming lim,, oo M (i, T, ) = 0, we have

. =0.

,u

u

lim m,.
m—oo Fm

Now if

lm m, (T, Tm) > 0.
m—0o0
Following the same procedure as in the case (a), we obtain that

Hm m, (@, Tm) = 0.
m—roo

As x,, — u* as m — oo, we have
My (T, u™) — my, . —0 m— oo
By using (3.20) into the above, it follows that

n%gnoo My (T, u™) = 0. (3.21)
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By using (3.21) and (3.6), we have the following
lim m, (T2, Tu*) = 0. (3.22)
—00

Moreover, we have
Mrgys e < Mo (T, Tu™). (3.23)

On taking limit as m — oo, we obtain

lim mp,., .. =0. (3.24)

m—r o0

By using (3.23) and (3.24), we have

Tx, — Tu*, m — oo.

We now need the following propositions to prove the main result.

Proposition 3.2. Let (X, m,) be a rectangular M-metric space, T : X — X
a F-contraction mapping and xo € X. If the Picard iteration defined by

Ty =TTp_1 n>1
has the following property
My (Tp,xn) =0 for some n € N.
Then, we have
My (T, ) =0,  Vm > n. (3.25)

Proof. We will prove it by induction on M.
Suppose that the result is true for m = k > n. This can also be expressed as

my (zg, xr) = 0. (3.26)
We now to prove that
my (Tg41, Tht1) = 0.

Assume on the contrary that m, (241, 2x+1) > 0. By (1.1), we have

F (my (xga1, 2pe1)) < F(my (v, 2p)) — 7 < F (my (g, 2)) -
It follows from (F'1) that

My (Tg1, Thg1) < My (Ti, k)

Using (3.26) into the above inequality, we obtain the desired result. O

Proposition 3.3. Let (X, m,) be a rectangular M -metric space, xg € X and
T : X — X a F-contraction mapping. Suppose that a sequence {x.,} is given

by
T =T Tp—1 m>1.

Then, for each fized n € N, we have

= min{m, (n, Tn), My (Tm, Tm)} = My (T, Tm), m>n. (3.27)

Ten, xm
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Proof. On the contrary suppose that
Mry wm — M (an, xn) , Ym > n. (328)

We now divide the proof into two the following cases.
Case 1: If m,. (zy,, z,) = 0. It follows from Proposition 3.2 that

my (T, Tm) =0, VYm > n.

Note that
Py wpy = MM (T, T ), M (T s i)}, VM > 1
- min{0,0}, Vm > n.
=0=m; (Tm,Tm), Ym>n.
Thus,

=my (T, Tm), Ym >n.

Case 2 : If m,. (z,, ;) > 0.
It follows from (3.28) that

My (T, ) >0 Ym > n. (3.29)

By using (1.1) and (3.29), we have
F(m, (zm,zm)) = F (mg (Tzm-1,TTm-1))

<F(mp (Xm-1,Tm-1)) =7 < -+ < F(my (Xp, ) — (Mm—n)T

< F(my (2n,2n)),
that is,

F(my (Tm, xm)) < F (my. (2, 20)) -
By using (F'1), we obtain that
My (T, Tm) < My (T, Tn) ;. VM >,

which is a contradiction to (3.28). O
Now, we will prove the main result.

Theorem 3.4. Let (X,m,) be a complete rectangular M-metric space and
T:X — X be an F-contraction mapping. Then T has a unique fixed point.

Proof. We divide the proof into the following two cases.

Case 1 : If there exists a natural number n such that x,,41 = z,. Then, x,, is
a fixed point of T'.

Case 2 : Suppose that z,1 # z,, for all n € N.

We divide this case into two further subcases.

Subcase 1 : Take

My (Tpt1,2n) =0, for some n € N. (3.30)
Note that

< my (xn—i-lv xn) =0.

Tapi1,on
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Thus

Tapit,on
From the Proposition 3.3, we have
7‘1'7,,+1’zn = My (xn+1? x”l“‘l) .
Combining (3.31) and (3.32), we get

My (Tpa1, Tpe1) = 0.

(3.31)

(3.32)

(3.33)

Since m, (zp41, Tnt1) = 0, it follows from the Proposition 3.2 that

My (Tpt2, Tpy2) = 0.
We now divide subcase 1 into further subcases:
Subcase 1, : Suppose

my (xn—i-h xn+2) = 0.
It follows from (3.33), (3.34) and (3.35) that

my (xn+1; anrl) = my (anrZa l'nJrZ) = my (xn+1; xn+2) =

By using the property of m,., we have

Tp+1 = Tn+2,
that is,
Tpt+1 = Tzn—&-l-
that is, x,4+1 is the fixed point of T
Subcase 1, : Suppose that
my (xn+l7 xn+2) > 0.
By using (1.1), we have
F(my (Tp41,Tny2)) = F(me(Tan, Trpg1))
< F(my (Tn, Tptr)) — 7
< F (my (Tp, Tpt1)) -
From the condition (F'1), we obtain that

my (xn+17 :En+2) < mr(zna xn+1)~
It follows from (3.30) that

My (Trt1y Trp2) < My (T, Tpy1) = 0.

So,
My (Tpg1, Tpyo) = 0,
a contradiction to (3.36).
Subcase 2 : Suppose that m,.(z,,z,+1) > 0 for all n € N.
Let
Bn =my (Tp, Tpnt1), VneN.

By (1.1), we get

F(Bn) <F(Bn-1) =7 < F(Br2) =21 <--- < F(Bo) —nr,

(3.34)

(3.35)

0.

(3.36)

Vn € N.
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Therefore,
F(B8,) < F(By) —nr, VneN (3.37)
On taking limit as n — oo in (3.37), we have
32, () = —oo.
From (F'2), we have
lim 8, = 0. (3.38)
n—oo
By (F3), there exists k € (0,1) such that
lim BEF (B,) = 0. (3.39)

Multiplying S¥on the both sides of (3.37), we obtain that

BEF (B,) < BYF (Bo) — B¥nt, Vn €N,
that is,
BRF (Ba) = BF (Bo) < —Bynt, Vn €N
On taking limit as n — oo on both sides of the above inequality, we have

lim BEF (B,) — lim BYF (By) < — lim Brnr. (3.40)
n—oo n—oo n—oo
AsneN, ke (0,1),7 >0 and 3, €[0,00),
lim Bfnr > 0. (3.41)
n—oo

Using (3.41) into (3.40), we obtain
lim. BEF (B,) — lim. BEF (By) < — lim BEnr <O0. (3.42)
From (3.38) and (3.39), we have
0< —nIer;OﬂSnT <0, VneN.
Hence,

lim npY = 0.
n—oo

Thus, there exists ng € N such that ng* <1 for all n > ng and so

1
Brn < 7k Vn > ng. (3.43)
‘We now prove that
lim m, (2, Tni2) =0. (3.44)
n—oo

If m, (zy, ni2) = 0 for all n € N, then we have (3.44).
On the other hand, if m, (2, z,42) > 0 for all n € N. By using (1.1), we get

F (mT (mnaxn+2)) <Fr (mr (xn—hxn—i-l)) -7, VneN.
Continuing this way, we have

F(mr (wnaxn+2)) < F(mr (xn—l,xn—‘rl))*’r <. < F(mr (’130,1’2))*77/7', vn € N.
(3.45)
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On taking limit as n — oo in (3.45), we obtain

nan;oF(mr (Tpy Tpyo)) = —00.

From (F'2), we have

nh_)n;o My (T, Tpg2) = 0.

We now prove that the sequence {z,}, y is an m,-Cauchy sequence. Let
m > n with m = n + o where o > 2. We now consider two cases.
Case (i): Suppose that o is odd. Let o = 2p + 1, where p € N. Then

my (mn» xm) —Mry v = mr(xrm xn+2p+1) - mrITL=I7L+2p+1

< mr(mna anrl) - My, + -+ mr(.'EnJer, $n+2p+1) —m

Ty Tyt 2p Tnt2ptl
< mr(xna -Tn-i-l) + mr(xn+2p; xn+2p+1)

:5n+"'+5n+2p
oo
SZ@‘
i=n
1
S Z W<€.

n>no(e)
Case (ii): Suppose that o is even. Let o = 2p, where p € N. Then

my (xn; zm) - mrzn,mm =my (In, xn+2p) - mrwnqzn+2p

< mr(xnv xn+2) - My, . + mr(xn+23 xn+3) —m

Tpto Tepy2:0n 13

o My (Tnt2p—1, Tntop) — My i op 1 %nt2p

< mr(xna xn+2) + mr(xn+27 xn+3) R mr(mn+2p—17 xn+2p)

oo
< mp(Tn, Tng2) + Y Bi

1=n+2

1
< My (Tp, Tpao) + Z ik <e.
n>no(€)

Indeed, the series > >~ . nl—l/k converges and lim,,_, oo M (2y, Tpt2) = 0. Thus,

() =)

exist and finite.
Now, if M,., . =0 for all m > n, then m, =0 for all m > n which
implies that

Mu"@m -my, =0, Ym > n,
and hence
Jim (M, =, L) =0,

Assume that
M,

Tep,zm

= max{m, (Tn, Tn), My (Tm,Tm)} >0, Vm >n.
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It follows from Proposition 3.3 that
M

Tap m

= max{m, (n, Zn) , My (Tp, Tin) } = My (T, Tp) >0, VM > n.
Suppose i, = my (T, x,) for all n € N. Then by (1.1), we have

F(pn) £ F (pn-1) =7 < F (pn—2) =27 <+ < F (o) — n7. (3.46)
On taking limit as n — oo on both sides of the inequality (3.46), we get
lim F (u,) = —oc.

n—oo
By (F2), we have
lim p, =0. (3.47)

n—o0

Therefore, we obtain that

Note that
MTmn,mm - menwmm = My (:L'na xn) — My (xma xm)
< my (Tp,Tp)
S my (xn; xn) + my (mn+1axn+l) + -+ my (:L'maxm)
< ot fong1 o
[e'S) [e%s)
WD pEENE
i=n i=n

Indeed, the series > o~ ill/ - converges. Thus,

n’}'}LIEOO(MTmn,mm, My om )s

exist and finite.

Thus {2y}, cy is an m,-Cauchy sequence. We now take a point u* € X such
that {z,} converges to u*.

Since m,. (z,,, Tpt1) > 0, by using (1.1) and (F2), we conclude that

lim m, (z,,Tx,) =0. (3.48)
n— o0
Using my, ., < my(2n, Tx,), we have
nl;ngo My, 7., =0. (3.49)

From (3.48) and (3.49), we have

le (my (2n, Tn) — My, 7, ) = 0. (3.50)
Since
Ty = Uu", N — 0. (3.51)
Therefore, it follows from Lemma 3.1 that
Tz, - Tu*, n— . (3.52)
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Using (3.51) and (3.52) into the Lemma 2.3, (3.50) becomes
my (W', Tu™) =My o g

By Proposition 3.3, we have

=m, Tz, Tx,), VneN.

On taking limit as n — oo in the above inequality, we obtain

Ton, Ton

lim m,, .. = lim m, (T2, Tx,),
n—00 mesTn n—00

that is,
lim (my, ., —mp (T2, T2,)) = 0.

n— oo

Using (3.51) and (3.52) into the Lemma 2.3, (3.54) becomes
My e — My (Tu*,Tu*) = 0.
By using (3.53) and (3.55), we have
my (v, Tu*) =m,,

From (3.50), we obtain

=m, (Tu",Tu").

* Tu*

nh—>H§o (mr (Tp, Tp—1) — mTzn,Tzn) =

By using (3.51) and (3.52) into the Lemma 2.3, then (3.57) becomes

my (u*,u*) =my,

By using (3.56) and (3.58), we get

* Tt

my (u*,u”) =m, (Tu*,u*) =m, (Tu*, Tu").

(3.53)

(3.54)

(3.55)

(3.56)

(3.57)

(3.58)

This implies that Tu* = u*. Suppose that there exist two elements z,y € X

such that x = Tx and y = Ty with x # y.
Let us consider the following cases:

Case A : It m,.(Tx, Ty) = m.(x,y) = 0. Without loss of generality, suppose that

my, , =m.(z,r).

Notice that
my(z,x) = my, , < my(z,y) = 0.
It follows that
my(x,z) = 0.

Further, we divide the case A into two subcases.
Subcase Ay : If m,-(y,y) = 0. Then, clearly = y.
Subcase A : Suppose that m,.(y,y) > 0.
By using (1.1), we have

F(m,(y,y)) = F(m.(Ty, Ty)) < F(m,(y,y)) — 7 < F(m.(y,9)),

It follows that
F(m.(y,y)) < F(m(y,y))-
By (F'1), we have
me(y,y) < me(y,y),
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a contradiction.
Case B : If m,.(Tz,Ty) = m,(x,y) > 0. Then, by (1.1), we deduce that

F(my(z,y)) = F(m,(Tz,Ty)) < F(m,(2,y)) — 7 < F(m.(z,y)),
that is,
F(m.(z,y)) < F(my(z,y)).
By (F'1), we have

me(x,y) < m.(z,y),

a contradiction. O

Example 3.5. Let X = {1,2,3,4}. Define m, : X x X — [0,00) by

m,(1,1) =1 and m,(2,2) = m.(3,3) =m,(4,4) =0
m,(1,2) =m,.(2,1) =4
m(1,3) =m,(3,1) =4
m,(1,4) =m,(4,1) =4
m,(2,3) =m,(3,2) =3
my(2,4) =m,(4,2) =6
m,(3,4) =m,(4,3) =9

Note that (X, m,) is a complete rectangular M-metric space. On the other
hand, (X, m,) is not a M-metric space. Indeed,

9=m,(3,4) >m,(3,1) +m,(1,4) =4 +4=38.

Define T : X — X as

2 =1,2
T(x): ) X ) ,3
3, v=4

For x € {1,2,3} and y = 4, we have m,.(T'z, Ty) = m,(2,3) =3 > 0.
Therefore,

ln(mT (Til’7 Ty)) + my (TI’, Ty) S ln(mr(xa y)) + mr(xa y) - 05

If we take F'(t) = In(t) + ¢ and 7 = 0.5. Then, T is a F-contraction.
Hence, all the conditions of Theorem 3.4 are satisfied. Moreover, x = 2 is the
fixed point of T.

ACKNOWLEDGEMENTS. Authors are grateful to the editor in chief and the
reviewers for their useful comments and constructive remarks that helped to
improve the presentation of the paper.

@© AGT, UPV, 2023 Appl. Gen. Topol. 24, no. 2 356



A note on the fixed point theorem of F-contraction mappings in rectangular M-metric space

REFERENCES

[1] M. Abbas, R. Anjum, and V. Berinde, Equivalence of certain iteration processes obtained
by two new classes of operators, Mathematics 9, no. 8 (2021), 2292.

[2] M. Abbas, R. Anjum and V. Berinde, Enriched multivalued contractions with applica-
tions to differential inclusions and dynamic programming, Symmetry 13, no. 8 (2021),
1350.

[3] M. Abbas, R. Anjum and H. Igbal, Generalized enriched cyclic contractions with appli-
cation to generalized iterated function system, Chaos, Solitons and Fractals 154 (2022),
111591.

[4] M. Abbas, R. Anjum and N. Ismail, Approximation of fixed points of enriched asymp-
totically nonexpansive mappings in CAT (0) spaces, Rend. Circ. Mat. Palermo, II. Ser.
72 (2023), 2409-2427.

[5] M. Abbas, R. Anjum and S. Riasat, A new type of fixed point theorem via interpolation
of operators with application in homotopy theory, Arab. J. Math. 12 (2023), 277-288.

[6] M. Abbas, R. Anjum and S. Riasat, Fixed point results of enriched interpolative Kannan
type operators with applications, Appl. Gen. Topol. 23, no. 2 (2022), 391-404.

[7] I. Altun, H. Sahin and D. Turkoglu, Fixed point results for multivalued mappings of
Feng-Liu type on M-metric spaces, J. Nonlinear Funct. Anal. 18 (2014), 1-8.

[8] R. Anjum and M. Abbas, Common Fixed point theorem for modified Kannan enriched
contraction pair in Banach spaces and its applications, Filomat. 35, no. 8 (2021), 2485—
2495.

[9] R. Anjum and M. Abbas, Fixed point property of a nonempty set relative to the class
of friendly mappings, RACSAM 116 (2022), 32.

[10] R. Anjum, N. Ismail and A. Bartwal, Implication between certain iterative processes via
some enriched mappings, The Journal of Analysis (2023).

[11] M. Asadi, Fixed point theorems for Meir-Keeler type mappings in M-metric spaces with
applications, Fixed Point Theory and Applications 210 (2015), 1-10.

[12] M. Asadi, On Ekeland’s variational principle in M-metric spaces, Journal of Nonlinear
and Convex Analysis 17, no. 6 (2016), 1151-1158.

[13] M. Asadi, E. Karapinar and P. Salimi, New extension of p-metric spaces with some fixed
point results on M-metric spaces, J. Inequal. Appl. 18 (2014).

[14] M. Asadi, B. Moeini, A. Mukheimer and H. Aydi, Complex valued M-metric spaces
and related fixed point results via complex C-class function, Journal of Inequalities and
Special Functions 10, no. 1 (2019), 101-110.

[15] M. Asim, S. Mujahid and I. Uddin, Fixed point theorems for F-contraction mapping in
complete rectangular M-metric space, Appl. Gen. Topol. 23, no. 1 (2022), 363-376.

[16] S. Banach, Sur les opérations dans les ensembles abstraits et leur applications aux
équations intégrales, Fund. Math. 3 (1922), 133-181.

[17] A. Branciari, A fixed point theorem of Banach-Caccioppoli type on a class of generalized
metric spaces (2000), 31-37.

[18] Z.Y. Gao and P. Sheng, Fixed point theorems for F-contraction in complete generalized
metric spaces, 38, no. 4 (2018), 655-662.

[19] S. Matthews, Partial metric topology, Ann. N.Y. Acad. Sci. 728 (1994), 183-197.

[20] B. Moeini, M. Asadi, H. Aydi and M. S. Noorani, C*-algebra-valued M-metric spaces
and some related fixed point results, Ital. J. Pure Appl. 41 (2019), 708-723.

[21] H. Monfared, M. Azhini and M. Asadi, Fixed point results on M-metric spaces, J. Math.
Anal. 7, no. 5 (2016), 85-101.

[22] H. Monfared, M. Asadi, M. Azhini and D. O’Regan, F(¢,¢)-Contractions for a-
admissible mappings on M-metric spaces, Fixed Point Theory and Applications 22
(2018), 1-17.

[23] H. Monfared, M. Azhini and M. Asadi, C-class and F(1, ¢)-contractions on M-metric
spaces, International Journal of Nonlinear Analysis and Applications 8, no. 1 (2017),
209-224.

© AGT, UPV, 2023 Appl. Gen. Topol. 24, no. 2 357



M. Abbas, R. Anjum and R. Anwar

[24] H. Monfared, M. Azhini and M. Asadi, A generalized contraction principle with control
function on M-metric spaces, J. Nonlinear Funct. Anal. 22, no. 5 (2017), 395-402.

[25] N. Y. (")Zgiir, N. Mlaiki, N. Tag and N. Souayah, A new generalization of metric spaces:
rectangular M-metric spaces, Mathematical Sciences. 12, no. 3 (2018), 223-233.

[26] H. Sahin, I. Altun and D. Turkoglu, Two fixed point results for multivalued F-
contractions on M-metric spaces, RACSAM 113, no. 3 (2019), 1839-1849.

[27] D. Wardowski, Fixed points of a new type of contractive mappings in complete metric
spaces, Fixed Point The. Appl. (2012), 1-6.

© AGT, UPV, 2023 Appl. Gen. Topol. 24, no. 2 358



