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COMMON FIXED POINT RESULTS FOR INTERPOLATIVE
KANNAN TYPE CONTRACTION OVER m-METRIC SPACES

NAILA SHABIR!, ALI RAZA?, AND SAFEER HUSSAIN KHAN?

ABSTRACT. The objective of this paper is to derive common fixed point results in
m-metric spaces by using the interpolative condition proposed by Karapinar. We
discuss three distinct scenarios: when the sum of the “interpolative exponents” is
less than, equal to, or greater than 1. The validity of each result is supported by
illustrative examples.

1. INTRODUCTION

Following Banach’s famous fixed point (FP) theorem [2], FP theory has flourished
across multiple dimensions and has assumed a pivotal role in various mathematical
domains. In recent times, a considerable amount of research has been dedicated to
developing techniques for proving FP results concerning interpolative Kannan type
contractions (IKTCs). For instance, Karapmar [6] demonstrated a FP result for
IKTC. Similarly, Gabba et al. [4] established this result in scenarios where the sum
of “interpolative exponents” is less than 1. Moreover, Errai et al. [3] achieved such
a result for the case in which the sum of “interpolative exponents” is greater than
or equal to 1. Notably, all these outcomes have been proven within the realm of
standard metric spaces (MSs). Furthermore, Safeer et al. [8] delve into FP outcomes
concerning IKTCs within the framework of m-metric spaces (m-MSs). The concept
of m-MSs was initially introduced by Asadi et al. in [1], constituting as an extension
of the partial metric space (p-MS).
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On the other hand Noorwali [10] initiate the study of common FP for IKTC, after
that Gaba and Karapmar [5] proved the common FP results for the case when the
sum of the “interpolative exponents” is less than 1.

This paper introduces a study on the existence of common FP for a pair of IKTCs
within the framework of m-MSs. We explore all potential scenarios characterized
by “interpolative exponents”. The first section provides necessary definitions and
fundamental results concerning common FPs, m-MSs, and IKTCs. In the second
section, we establish three distinct results regarding common FPs for m-MSs, each
under different conditions on the “interpolative exponents”. Furthermore, we illustrate
each result with examples in m-MSs.

Moreover, we examine our examples in standard MSs and elaborate on how the
corresponding mappings fail to yield common fixed points. This underscores the
significance of our established results. Additionally, we investigate similar outcomes
in p-MSs which arise as specific instances of our results for m-MSs, yet represent novel
discoveries in their own regard. Finally we note that our results generalize results of
[5,10].

2. PRELIMINARIES

Definition 2.1 ([9]). A partial metric on a nonempty set Y is a function p : T x T —
R* such that for all o1, 09,03 € T

(p1) plo1, 02) = p(o1,01) = p(02, 02) & 01 = 02;
(p2) o1, 01) < plor, 02);
(ps) p(er, 02) = p(o2, 01);
(pa) p(o1, Q2) < p(o1, Qs + p(03, 02) — p(03, 03).
A partial MS is a pair (T, p) such that T is nonempty set and p is a partial metric
on Y.

I

\_/\_/\_/v

Definition 2.2 ([1]). Let T be a nonempty set. Then m-metric is a function m :
T x T — R* satisfying the following conditions:

(m1) m(e1, 02) = m(e1, 01) = m(02, 02) & 01 = 02

(mQ) Moo S m(le QQ) where Mpigo = min{m(@l: Ql)a m(@2; QQ)};

(m3) m(o1, 02) = m(02, 01);

<m4) (m(glv 92) - m@wz) < (m(Qla QB) - m9193) + (m<Q37 Q2> - szQz)

for all 01, 02, 03 € T. The pair (T, m) is called m-MS.

Lemma 2.1 ([1]). Every p-MS (Y,p) is a m-MS.

The converse of the above result may not hold, as we can see in Example 6 provided
by Karapinar et al. in [7].
Definition 2.3 ([1]). Let (T, m) be a m-MS. Then

1. a sequence (g,) in (T, m) converges to a point ¢ € Y if and only if

lim (m(on,0) — m@n,g) = 0;

n—-+00
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2. a sequence (g,) in (T, m) is called m-Cauchy sequence if

n7]114)1200(m(9n7 Q]) - m@m@j)

and

lim (M, ,. —m, o
n,j—)—l—OO( On,Qj an@])7

exists (and are finite), where M, ,, = max{m(on, 0n), m(0;, 05)};
3. The space (T, m) is said to be complete if every m-Cauchy sequence (g,) in T
converges to a point in T.

Lemma 2.2 ([1]). Assume that 0, — 0 and £, — Kk as n — 400 in a m-MS (T, m).
Then

Jim (m(on, n) = Mg, ) = M(0,K) = Mg

In [6], Karapinar introduce the following IKTC.
Definition 2.4 ([6]). Let (T,d) be a MS. A self mapping 7 : T — T is said to be an
interpolative Kannan type contraction (IKTC), if there exist A € [0,1) and « € (0, 1)
such that
d(To,Tk) < Md(o,To)"d(k, Tr) ™%,
for all o,k € T with o # To, Kk # Tk.

We term « as an “interpolative exponent”.
The following result by Karapmar is proved in [6].

Theorem 2.1 ([6]). Let (Y, d) be a complete MS and T be an IKTC. Then T has a
unique FP .

In [4], Gabba et al. defined the following IKTC.

Definition 2.5. Let (Y,d) be a MS, a self mapping 7' : T — T is called (A, o, 5)-
IKTC if there exist A € [0,1) and a, 8 € (0,1) with o + 8 < 1, such that
d(To,Tk) < Md(o,To)*d(k, Tk)",
for all o,k € T with o # To, k # Tk.
Moreover, they proved the following FP theorem.

Theorem 2.2 ([4]). Let (Y, d) be a complete MS such that d(o,x) > 1 for all o,x € T
with 0 # k. Let T : T = Y be a (A, o, 5)-IKTC. Then T has a FP.

Errai et al. [3] proved the following FP result for IKTC for the case a+ 3 > 1 with
a,B € (0,1).
Theorem 2.3 ([3]). Let (Y,d) be a complete MS and T a self mapping on T such
that
d(To,Tr) < Md(0,T0)*d(k,Tk)",
for all o,k € Y with 0 # To and k # Tk, and where X\ € (0,1) and «, 5 € (0,1) such
that o + 5 > 1. If there exists o € T such that d(o,To) < 1, then T has a FP in Y.
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Note that all above results of interpolative contractions have been proved in ordinary
MS (T, d). Also Safeer et al. [8] extend these results into the structure of m-MSs.

On the other hand, the common FP of any two self mappings R, T is a point p € T
such that Rp = 0 = T'0. The Noorwali [10] initiate the study of common FP for IKTC
and proved the following result.

Theorem 2.4 ([10]). Let (T,d) be a complete MS, R,T : T — Y be two self mappings.
Assume that there are some X € [0,1), a € (0,1) such that the condition

d(Ro, Tr) < Ad(o, Ro)*d(r, Tr)' ™
is satisfied for all o,k € YT such that 0 # Ro,k # Tk. Then R and T have a common
FP.

Moreover, Gabba and Karapmar [5] proved the common FP result for the case
when the sum of the “interpolative exponents” is less than one and their result is
elaborated as follows.

Theorem 2.5 ([5]). Let (T, d) be a complete MS and (R,T') be a (A, , 5)-IKTC pair.
Then R and T have a common FP in Y.

The (A, a, §)-IKTC pair is defined as follows.

Definition 2.6 ([5]). Let (T,d) be a MS and R, T : T — T be two self mappings.
We shall call (R, T) a (X, «, 8)-IKTC pair, if there exist A € [0,1),a, 3 € (0,1) with
a + [ < 1 such that

d(Ro,Tr) < M(o, Ro)*d(r, Tr)?,
for all p,x € T with o # Ro, Kk # Tk.

3. MAIN RESULTS

Definition 3.1. Let (T,m) be a m-MS, R,T : T — T be two self mappings on Y.
We call (R,T) a m-IKTC pair. If there exists A € [0,1) and « € (0, 1) such that
(3.1) m(Ro, Tk) < Am(o, Ro)*m(k, Tr)' ™

holds for all g,k € T with ¢ # R,k # Tk and m(p, Ro) # 0,m(k,Tk) # 0.

Theorem 3.1. Let (T, m) be a complete m-MS and (R,T) be a m-IKTC pair. Then
R and T have a common FP in Y.

Proof. Let oo € T, define a sequence (p,) in T such that 09,11 = Roo, and go,42 =
T 02p,41. If there exists a natural number ng such that g,, = 0ny+1 = 0ny+2, then g,, is
the common FP of R and 7. Consider there does not exist any three identical terms
in the sequence (o,). Then by (3.1),

m(@2n+1> Q2n+2) = m(RQZna T92n+l)
< Am(@2n7 RQQn)am<Q2n+1, TanH)l*a

= Am(@zm Q2n+1)am(gzn+1, Q2n+2)170‘,
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and m(02n11, O2nt2)® < AM(02n, 02n41)%, i€,

m(02n+1, O2n+2) < Al/am(gm, 02n+1) < Am(02n, O2n+1)-

Therefore,

(3.2) Mm(02n+1; 02n42) < A (020, 0204+1).-
Consequently, for all n € N we have

(3.3) M(0n, Ont1) < AM(0n-1, 0n).
So,

(0, 0nt1) < AM(0n-1, 0n) < Nm(0p—2, 0n—1) < - -+ < XN"m(00, 01).-
Thus,
m(@n» Qn—i—l) S /\nm(Qm Ql)’
by taking limit as n — o0,

lim sup m(on, 0n+1) < limsup A"m(go, 01) = 0.

n——+o0o n——+0o

Hence, lim,, oo m(0n, 0n+1) = 0. By definition of m-metric

lim m < lim m =0
niybeo | Omln+l = BTR (0ns Ont1) )

thus limy, 40 My, 0,0, = MIN{M(0n; 0n), M(0n41, Ont1)} = 0. As a result

nl_lg_{loom(gna Qn) =0 and ngr_{loom(gn—i-la Qn+1) = 0.

Thus, for any n,j € N with n > j

n,jh—>n-1|-oo(MQ"’Qj - mgn,gj) =0

and by triangular inequality of m-metric

lim (m(on, Qj) - mgn,gj) =0.

n,j——+o00

Thus, by definition (g,) is a Cauchy sequence in m-MS Y, since T is m-complete
so there exists o € T such that (g,) converges to ¢ in T w.r.t. the convergence of
m-metric. Thus, by definition

lim (m(en, 0) — Mo,,0) = 0.

n—-+o0o
Also, (02n41) and (02,42) converge to the same limit . Now for any n € N and by
using the relation (3.1) for R =T, we get
m(gam+1, Ro) = m(Roan, Ro)
< Xm(02n, Roan)*m(0, Ro)' ™

= )\m(QQna Q2n+1)am(Qa Rg)l_a-
By taking limit as n — +oo on both sides and using the my condition of m-metric,
we get

nli)glm(m(QQn-‘rl? RQ) - m92n+1,R@> = 0.
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So, (02,41) converges to Rp in m-metric, i.e. 92,41 = Roon, — Ro. Also
m(0ant2, 1) = m(T 02011, Ro)
< Am(02n41, T 02n41)*m(0, Ro)' ™
= Am(02n+1, O2nt2)*m(0, Ro)' ™.

By taking limit as n — +oo on both sides and using the my condition of m-metric,
we get

ngllloo(m(Q%H-Qv RQ) - m92n+2’R9> =0.

So, (02n42) converges to Rp in m-metric, i.e., gopyo = Toon01 — Ro. Thus, (0,)
converges to Rp as well.

Case L. If n is even, then 99,190 = T'09,+1 — Ro and 09,19 — 0, s0 (0,) converges
to both Rp and p. Thus, by using Lemma 2.2,

0= nETm(m<Q2n+2’ Q2n+2) - m92n+2792n+2) = m(@a RQ) — My,Ro-

Also, we have lim,, o m(02n42, 02n12) = 0, because lim,,_,, oo m(0n, 0,) = 0 and

0= nl_ig{loo(m(QQn-i-Qv Q2n+2) - m92n+2792n+2)

= nl_ig_loo(m(TQZn-Ha T 02n11) — mgzn+2,ngn+1)

= m(Ro, Ro) — My Ry
Moreover,

0= nl_igloo(m@znwa O2m+2) — mg2n+2,ngn+1) =m(o,0) — Mo,Ro-

Thus by combining, we have

m(g, 0) = m(g, Ro) = m(Ro, Ro) = mqry,
by my condition of m-metric we have o = Rp.
Case 1I. If n is odd, then 05,1 = Ros, — Ro and ps,,1 — 0, we have

0= ngToo<m<Q2n+17 Q2n+1) - m92n+1,92n+1) = m(Qv RQ) — My,Ro-

Also,

0= nl_%r_{loo(m(gﬁﬂrl? Q2n+1) - mQ2n+1792n+1)

- nng(m(RQ2n7 Rgzn) o mgzﬂ""l’Ran)

= m(Rg, RQ) — Myo,Rp-
Moreover, 0 = limy,_, o (M( 02041, 02n41) — Mgoni1,Rosn) = M(0, 0) — My go- Thus, by
combining, we have m(p, o) = m(o, Ro) = m(Rp, Ro) = m, r,, by my condition of
m-metric we have o = Rp. Consequently, o = Ro. By using similar steps we can get
0 =Ty, thus p is the common FP for T and R. U

Corollary 3.1. If we take R =T, then Theorem 3.2 of [8] becomes the special case
of our result in Theorem 3.1.
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Ezample 3.1. Let T = [1/8, 4] and the m-metric on T is defined as follows:

_ ) 6 0 = K,
(3.4) m(o, k) = { otk 04k
Let R,T:Y — T be self mappings, such that
Ry | /2 oe(1/82, . _[1/2, oe[1/82]
¢ 1/(e+3), o€ (2,4], 1/20, o€ (2,4).

We discuss the following cases for « = 1/2 and A = 17/18.
Case 1. If o,k € [1/8,2], then for o # 1/2 and k # 1/2, we have,

m(Ro, Tk) =m(1/2,1/2) =1/2 < (17/18) (1/8 4+ 1/2)
< Mo+ 1/2)Y%(k +1/2)? = Xm(o, Ro)*m(k, Tr)"2.
Case 2. If p € [1/8,2] and k € (2,4], then for o # 1/2, we have
m(Ro, Tr) =m(1/2,1/2r) < 1/2+1/4 < (17/18)(1/8 + 1/2)/2(2 + 1/4)*/?
< Mo+ 1/2)Y%(k +1/2k)Y2 = Xm(o, Ro)"*m(r, Tr)"2.
Case 3. If p € (2,4] and k € [1/8,2] then for k # 1/2, we have
m(Ro,Tk) =m(1/(1 +3),1/2) < 1/2+1/5 < (17/18)(2 + 1/5)/2(1/8 + 1/2)"/2
< Mo+ 1/(e+3))2(r + 1/2)"? = Am(o, Ro)'*m(r, Tr)"/?.
Case 4. If o, k € (2,4], then
m(Ro, Tk) = m(1/27,1/(k+3)) < 1/4+1/5 < (17/18)(2 + 1/4)V?(2 + 1/5)'/?
< (17/18)(0 + 1/21)2(k + 1/(k + 3))/? = Am(o, Ro)"*m(k, Tr)"/2.

Hence, (R, T) is a m-IKTC, so by Theorem 3.1, R and T have a common FP and it
is actually o = 1/2.

Remark 3.1. If we use the standard metric d(o, k) = |0 — | instead of the m-metric
(3.4), then Case 2 and 3 of the above example do not satisfy the required IKTC for the
pair (R,T) across many different combinations of ¢ and k. One combination where
Case 2 fails to satisfy IKTC is when k = 3 € (2,4] and p € (4481/9826, 5345/9826) C
[1/8,2]. Therefore, the common fixed point results of the standard MS, as elaborated
in [10], do not apply to our given pair (R, T).

The following example asserts that the common fixed point is not always unique.

Ezxample 3.2. Let T = [0,4+00) and the mapping m : T x T — RT be defined as

m(o, k) = |0 — K| + a, where “a” is any non-negative real number. Let R, T be the
self mappings defined on T as follows:

1, 0€[0,1/2), 1, 0€10,1/2),
Ro=¢ o, 0€[1/2,200), To=1 o, o € [1/2,200),

1/0%, o € [200,400) e, o € [200, +00).
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Now we discuss following cases to prove that (R,T) is m-IKTC for o = 1/2 and
A= 3/4.
Case 1. If o,k € [0,1/2), then for all a € [0, 3/2] following relation holds:

m(Ro, Tk) =a < (3/4)(a+1/2)
< Mo =1 +a)"2(|k = 1] +a)"/?
= \m(o, Ro)"*m(k, Tr)"?,

Case 2. If p € [0,1/2) and x € [200, +00), then for all 0 < a < 253, the following
relation holds:

m(Ro,Tk) =1 —e 2| +a<1+a<(3/4)(1/2+ a)"?(200 — 7490 4 ¢)'/2
< Ao~ 1 +a)*(|& — e | + a)"/? = Am(o, Ro)'*m(x, Tr)"/%.

Case 3. If p € [200,4+00) and k € [0,1/2), then for all 0 < a < 253, the following
relation holds:

m(Ro, Tk) = [1/0* = 1| +a < 1 +a < (3/4)(200 — (1/200%) 4 a)"/*(1/2 + a)'/?
< Mo — 1/6% + )2 (k — 1] + )'/* = Xm(o, Ro)!/*m(s, Tr)"".
Case 4. If o, k € [200, +00), then for all 0 < a < 600, the following relation holds:
m(Ro,Tk) = |1/0* — e | + a < (1/200%) + a
< (3/4)(200 — (1/200%) + a)/2(200 — e~ 4 g)'/2
< (3/9) (o — 1/¢* +a) "2 (| — | + @)V = Ama, Ro)*m(x, Tr) /2

Hence, from all the above cases we conclude that the interpolative condition of
Definition 3.1 holds when a € [0,3/2]. Thus for such values of a, by Theorem 3.1, R
and 7" have common FPs and they actually are all the points in interval [1/2,200).

Remark 3.2. Given that our previous example remains valid for a € [0,3/2], when
a = 0, the corresponding m-metric aligns with the standard metric on the real line.
However, for a # 0, the results derived in [10] do not apply to our specified pair
(R, T), as they were established solely for standard metric spaces. In such instances,
our results concerning the m-metric will prove effective for identifying common fixed
points.

Definition 3.2. Let (T, m) be a m-MS and R,T : T — T be two self mappings.
We call (R,T) a (A, «, 5)-m-IKTC, if there exist A € [0,1) and «, 5 € (0,1) with
a + [ < 1 such that

(3.5) m(Ro, Tr) < Am(o, Ro)*m(r, Tx)”,
for all o,k € T with o # Ro, k # Tk and m(o, Ro) > 1, m(k, Tk) # 0.

Theorem 3.2. Let (T, m) be a complete m-MS and (R, T) be (A, a, 8)-m-IKTC. Then
R and T have a common FP.
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Proof. Let go € T, we construct the iterating sequence (g,,) such that 09,11 = Ry
and 02,12 = T02n41. Thus,
m(@2n+17 92n+2) = m(Ran, TQ2n+1)
S )\m<g2n7 RQ2n)am(Q2n+l> TQZnJrl)B
= Am(02n, 02n+1)"M(02n+1, 92n+2)57

m(92n+17 Q2n+2)1_ﬂ S Am(@Qna 92n+1>aa
since a < 1 — 8 and m(gay, 02n11) > 1, SO we have
m(02n+1, Q2n+2)1_’8 <Am(02n, QQn—l—l)l_B

M(02n+15 O2n+2) <AM(02n, O2n+1)-

)

The rest of the proof follows the similar procedure as in Theorem 3.1. To avoid the
repetition, we leave it for the interested reader to dig out the details. 0]

Corollary 3.2. If we take R =T, then Theorem 3.6 of [8] becomes the special case
of our result in Theorem 3.2.

Example 3.3. Let T = [0, +00) and m-metric on T be defined as in (3.4), define self
mappings R, T : T — T as follows:

o, 0€]0,5], ] o o€ [0,5],
Rg_{l/g, h € (5, 400), To= 1/Ing, o€ (5,+00).

We discuss the required case to confirm that (R, T) is (2/3,1/2,1/4)-m-IKTC used
in Theorem 3.2. For any o, s € (5,+00), we have

m(Ro, Tk) < (1/5+1/In5) < (2/3)(5+1/5)Y2(5+1/In5)"/4
< (2/3)(e +1/0)"*(k + 1/ Ink)/* = Am(o, Ro)'*m(r, Tr)"/*,

Consequently, (R, T') satisfies the required m-IKTC of Theorem 3.2, so every o € [0, 5]
is the common FP of R and T

Remark 3.3. In the case of the discrete metric d(p, k) = 1 if p # k and zero if p = &,
the IKTC in the above example is not satisfied for the pair (R, T).

Theorem 3.3. Let (Y,m) be a complete m-MS, R, T : T — Y be two self mappings
and let there exists A € [0,1) and o, € (0,1) with a 4+ 5 > 1 such that

(3.6) m(Ro, Tk) < dm(o, Ro)*m(k, Tk)?,

for all o,k € T with 0 # Ro, k # Tk and m(o, Ro) # 0, m(k, Tk) # 0. If there exist
00 € T such that m(go, Roo) < 1, then R and T have common FP in Y.
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Proof. Since gy € T such that m(oy, Roo) < 1, we construct a sequence (g,) in Y such
that 0on41 = Ry, and 02,12 = T'0241. So,
m(o1, 02) =m(Roo, T'o1) < Am(oo, R90>am(917TQ1)5 = Am(go, Roo)*m(o1, 92)67
m(o1, 02)" ™" <Am(00, R0p),
m(o1, 02) <AN'Pm(0y, Roo)*' 7 < A,
because /(1 — ) > 1 and m(gg, Rop) < 1. Similarly, by mathematical induction, the

relation m(o,, 0n+1) < A" holds for all natural numbers n € N. Thus, by taking limit
we get lim, oo m(0n, 0ns1) = 0. Also, by my condition of m-metric, we have

and thus

i mlen e2) =0, lim mleun, onia) = 0.

Moreover, for any n,j € N with n > 7, we have

lim (M, , . —m, ,)=0
n7’]*)+oo( On,0Qj Qnagj) )

by triangular inequality of m-metric

nJ.li_)n_il_oo(m(Qm Qj) - QOQj) = 0.

Thus (g,) is a m-Cauchy sequence in T, since T is complete so it converges to some
0 € Y. Now
m(@Qn—l—la RQ) S )\m(QQTH RQQn)am(gv Rg)ﬁ

= )‘m(g2n7 Q2n+1)am(g7 RQ)IB7
S )\1+a2nm(97 RQ),

thus by applying limit, we get lim,,_, ., m(02n+1, Ro) = 0 and then by my condition
of m-metric we have

nl—i>r—i¥loo(m(y2n+17 RQ) - m92n+17R9> = O’

by definition (g2,+1) converges to Ro. On similar steps, (g2,42) converges to Rp, thus
by combining both the arguments, we get the sequence (o,) also converges to Rpo.
Moreover, by using the similar arguments as in Case I and Case II of Theorem 3.1,

we get 0 = Ro.
Also, for T o by following the similar procedure as mentioned above for o = Rp, we
get 0 = Tp. Consequently, ¢ is the common FP for R and 7. 0

Corollary 3.3. If we take R =T, then Theorem 3.8 of [8] becomes the special case
of our result in Theorem 3.3.
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Example 3.4. Let T = [0, 2] and m-metric on T be defined as in (3.4) and define self
mappings R, T : T — T as follows:

_Jo e€]o,
RQ_{ o€ (1,

e 9,

)
]

We discuss the following cases to confirm that for « = 1/2, 5 = 3/4 and A\ = 3/4 the
pair (R, T) is m-IKTC pair used in Theorem 3.3. For any p, k € [1,2], we have

(Ro,Tk) < e ' +1 < (17/18)(1 + e HV2(1 4 1)%/4
< Mo+ e )2 (k + 1/8%)%* = Mm(o, Ro)*m(k, Tr)**.

Y
)

1
2

Moreover, e~? 4 1/k% < (17/18)(1 + e~ )34(1 4 1)*/2. Thus by Theorem 3.3, the self
mappings R and T have common FPs for all p € [0, 1).

Furthermore, in the case of the standard MS with d(p, k) = |0 — k|, the IKTC for
the pair (R,T') does not work when x = 1. Therefore, our results in the m-MS are
the ones applicable for such pairs to determine the common FP.

Remark 3.4. By Lemma 2.1, every p-MS is also a m-MS. Consequently, similar results
of common FPs (Theorem 3.1, Theorem 3.2 and Theorem 3.3) for p-MSs naturally
hold across all possible scenarios: when the sum of the ’interpolative exponents’ is
equal to 1, less than 1, and greater than 1.

Remark 3.5. Since every ordinary metric d is a p-metric, our Theorem 3.1 and Theorem
3.2 generalize the corresponding results of [5,10], respectively.
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