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ON COMMON FIXED POINTS THEOREMS FOR ORDERED F-
CONTRACTIONS WITH APPLICATION

Muhammad Nazam and Ozlem Acar

Abstract. We study the conditions for existence of a unique common fixed point of
two ordered F-contractions defined on an ordered partial metric space; in particular,
we present a common fixed point result for a pair of ordered F-contractions satisfying
a generalized rational type contractive condition and discuss its consequences. It is
remarked that the notion of an F-contraction in partial metric spaces is more general
than that in metric spaces. As application of our findings, we demonstrate the existence
of common solution of the system of Volterra type integral equations.
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1. Introduction

The Banach Contraction Principle plays a fundamental role in metric fixed point
theory. A number of efforts have been made to enrich and generalize Banach Con-
traction Principle (see for example [1, 2, 3, 4, 6, 12, 16]). One of these generalizations
is for F-contraction presented by Wardowski [18]: every F-contraction defined on a
complete metric space has a unique fixed point. So the concept of an F-contraction
proved to be a milestone in fixed point theory. Numerous research papers on F-
contractions have been published (see for instant [5, 6, 11, 15, 17]). Recently, Minak
et al.[13] presented a fixed point result for Ciric type generalized F-contraction.
In this paper, by introducing ordered F-contractions which satisfy a generalized
rational type contractive condition defined on an ordered partial metric space, we
investigate a unique common fixed point of ordered F-contractions. As an appli-
cation, we show the existence of the common solution of operators satisfying an
implicit integral equation.

The main result in this paper generalizes the results given by Durmaz [11] (Corol-
lary 3.2) and Wardowski [18] (Corollary 3.4).
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2. Preliminaries

We denote the set of natural numbers, rational numbers, (—oo, +00), (0, 400)
and [0, +00) by N, Q, R, RT and R{, respectively.

Matthews generalized the notion of metric, as follows:

Definition 2.1. [12] Let M be a nonempty set. If the mapping p : M x M — R
satisfies the following properties,
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for all r1,r9,r3 € M, then p is called a partial metric on M and the pair (M, p) is
known as a partial metric space.

Example 2.1. Define the mapping p : RY x RY — R by p(r1,72) = max{ri,r}. It is
easy to check that p satisfies (p1) — (pa) and hence p is a partial metric on R{. Note that
p does not define a metric on RFL since, p(a,a) = a for all a € R(}L.

Example 2.1 gives a classical example of a partial metric. We present a new non-
trivial example of a partial metric as follows:

Example 2.2. We define p: R x R — RT by

1 ifr=seR—-Q;
% ifr#seR—-Q;
p(r,s) =% 3 ifr=secQ;

1+%+% ifr=rm,s =ry, and m # n;

1+1 if {r,s}NQ={rn} and {r,s} —Q # ¢.

Clearly, p satisfies (p1) — (p3). To prove pa, let r,s,u € R — Q and m # n. Then

p(rs)+p(uu) < p(ru)+p(su);
1
p(rn,s) +p(uu) = 2+ = <p(rm,u)+p(s,u);
4
p(rn,mn) +p(uu) = 5 <p(ra,u) +p(rn,u);

3
1 1
Py ) £ p () = 24 — = = p (o, ) +p ()
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p(rs)+p(re,re) < 2<p(r,re) +p(s,7);

PO ) +p(r) = gt <2+ 2 = p(ra,) +p(se);
2

p(rasrn) +p(resre) = 3 < p(ra,ri) +p(rn,7i);

(Fms ) + 0 (rims) = 5+ < p () +p (1)

P(rm,Tn P\Tk, Tk = 3 m n,p Tm, Tk P\Trn,Tk) .

Note that p is not a metric on R.

Notice that a metric on a set M is a partial metric p such that p(r,r) = 0 for all
r € M and p(r1,re) = 0 implies 11 = 2 (using (p1) and (p2)) but converse may not
be true. The self distance p(r,r) referred to as the size or weight of r, is a feature
used to describe the amount of information contained in 7.

Matthews [12] explored the following aspects of a partial metric p on M:
(1) : The mapping d : M x M — R{ defined by
(2.1) d(r1,m2) = 2p (r1,m2) —p(r1,7m1) — p(re,72)
for all r1,79 € M defines a metric on M (called induced metric).

(2) : Open ball has the structure B, (r,e) = {r1 € M : p(r,r1) < p(r,r) + €} for
all r € M and € > 0.

(3) : Each partial metric p on M generates a Ty topology T [p] on M. The base
of topology T [p] consists of family of open balls

{Bp(r,e) :7 €M, ¢>0}.
(4) : A sequence {7, }nen in (M, p) converges to a point » € M if and only if

p(r,r) = lim p(r,ry,).

n—oo
(5) : A sequence {ry}nen in (M,p) is called a Cauchy sequence if

lim p(rp,rm) exists and is finite.
n,Mm—00

(6) : A partial metric space (M, p) is said to be complete if every Cauchy sequence
{rn}nen in M converges, with respect to T[p], to a point r € M such that
p(r,r) = lim  p(ry,rm).
n,m—oo
Matthews [12] also evinced an analogue of Banach’s fixed point theorem in partial
metric spaces. This remarkable theorem led numerous authors to obtain various
applicable fixed point results in partial metric spaces (see for example [2, 6, 7, 8, 14]

and references therein).
The following lemma will be helpful in the sequel.
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Lemma 2.1. [12]

(1) A sequence {r,}nen is a Cauchy sequence in the partial metric space (M, p)
if and only if it is a Cauchy sequence in the metric space (M, d).

(2) A partial metric space (M, p) is complete if and only if the metric space (M, d)
is complete.

(3) A sequence {ry, }nen in M converges to a point r € M, with respect to 7(d) if
and only if lim, oo p(r, 1) = p(r,r) = limy m—yoo P(Tn, Tm)-

(4) If limy,—, o0 7, = v such that p(v,v) =0,

then lim p(ry,r) = p(v,r) for every r € M.

n—00

Wardowski [18] has introduced a useful class of mappings as follows:

Let F: R™ — R be a mapping satisfying the following conditions:
(F1) : F is strictly increasing;
(Fy) : For each sequence {r,} of positive numbers, the following condition holds:

lim r, =0 if and only if lim F(r,) = —o0;
n—oo n—roo

(F3) : There exists § € (0,1) such that lim,_,q+ (@) F(a) = 0.
We denote the set of all mappings satisfying the conditions (F1) — (F3) by Ap.

Example 2.3. Let F:RT — R be defined by:

It is easy to check that (a),(b),(c) and (d) are members of Ap.

Definition 2.2. [18] Let (M, d) be a metric space. We say the mapping T': M —
M is an Fj-contraction, if there exist F' € Ar and 7 > 0 such that

d(T(r1),T(r2)) > 0= 7+ F(d(T(r1),T(r2)) < F(d(r1,72)), for all r1,r2 € M.

Definition 2.3. Let (M,p) be a partial metric space. We say the mapping T :
M — M is an F)-contraction, if there exist F' € Ar and 7 > 0 such that

p(T(r1),T(r2)) > 0= 7+ F(p(T(r1),T(r2)) < F(p(r1,m2)), for all ri,ro € M.
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The following Example indicates that an Fj-contraction is more general than an
F4-contraction.

Example 2.4. Let M = [0,1] and define partial metric by p(ri,r2) = max {ri,r2} for
all 71,72 € M. The metric d induced by partial metric p is given by d(r1,72) = |r1 — 72|
for all 71,72 € M. Define F: R" — R by F(r) = In(r) and T by

% if r €10, 1);
T(r)=
0 ifr=1
Note that for all r1,72 € M with r1 < rg or r2 < r1, we have
T4+ F(p(T(r1),T(r2)) < F(p(r1,r2)) implies
T+F(%1) < F(r) OI'T—|—F(5)<F(7'2)

So T' is an Fp-contraction but 7' is neither continuous nor an Fy-contraction. Indeed, for
r1=1and ro =3, d(T(r1),T(r2)) > 0 and we have

T+ F (d(T(r1), T(

T+F<
T—|—F< R

a contradiction for all possible values of 7.
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Definition 2.4. Let (M =) be a partially ordered set. We say the mappings
S,T: M — M are weakly increasing, if S(m) < T'S(m) and T'(m) < ST (m) for all
m € M.

Example 2.5. Let M = RT be endowed with usual order and usual topology. Let
S, T: M — M be given by

1 .
_J m2 iftme]|0,1] _m if me[0,1
S(m) = { m?  if m € (1,00) and T(m) = { 2m  if m € (1,00)

Then, S andT are weakly increasing mappings.

3. Main Result

Definition 3.1. Let (M, <) be an ordered set and p be a partial metric on M, then
the triplet (M, <, p) is known as an ordered partial metric space. If (M, p) is com-
plete, then (M, <, p) is called an ordered complete partial metric space. Moreover,
(M, =, p) is regular, if it satisfies the following condition:

If {r,} C M is a nondecreasing (nonincreasing) sequence with r, — r,
then r,, <7 (r <r,) for all n
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Definition 3.2. Let (M, <,p) be an ordered partial metric space. Let
O={(a,f) e M x M :a=8,p(S(),T(B)) >0}.

We say the weakly increasing mappings S, T form a pair of generalized rational type
ordered F-contractions, if there exist F' € Ap and 7 > 0 such that

(3.1) 7+ F(p(S(a), T(B))) < F(R(a,B)), for all (o, 8) € O and
) 2l Sl T()
R(e, ) = max ples). 1+ pla, §) 7

p(a, S(a))p(e, T(B))
1+p(S(@),T(8))

Lemma 3.1. Let (M,=,p) be an ordered complete partial metric space and S, T
form a pair of generalized rational type ordered F-contractions. Then for all i =
O, 1, 2, 3, p(TQi, T2i+1) = O implies p(TQ»L'Jrl, T2i+2) = O

Proof. Let rog € M be an initial point and take r1 = S(rg) and ro = T'(r1), then
by induction we can construct an iterative sequence 7, of points in M such that,
roi+1 = S(re;) and ro;yo = T(r2;41) where ¢ = 0,1,2,.... As there exists ro € M
such that ro < S(rg) and S, T are weakly increasing self-mappings, we obtain

T = S(To) j TS(T()) = T(Tl) = To = T(’I”l) j ST(Tl) = S(Tg) =T3.

Iteratively, we obtain
rToXT1 X TR X1 X7 X1 S
We argue by contradiction that p(re;y1,72,42) > 0. We note that

p(ras, 7'2i+1)7
p(r2i, S(roi))p(raiv1, T(raiy1))
R(r2i,T2i+1) = max 1+ p(rai, r2it1)
p(r2i, S(roi))p(raiv1, T(raiy1))
1+ p(S(r2i), T'(r2it1))
p(rai, 7°2i+1)7 p(ra; ,17“2i+1)]9(7°2z'+1 ) 7'2i+2)
+ p(12i, 2i41)
p(ras, 7'2i+1)p(7'2i+1 » 2542
14 p(rait1,72i42)
max {0, p(raiy1,72i12)} = p(raiy1, T2i42)

)

)
= max

IN

Since (724, 72i4i) € O, by inequality (3.1) we have

T+ F (p(S(r2i), T(r2i41)))
F (R(r2i,72i41))
F(p(72i+177°2i+2))

T+ F (p(rait1,T2i42))

<
<

for all ¢ = 0,1,2,3,..., which is a contradiction to (F}). Hence, p(rait1,72i+2)) =
0. O
The following theorem is our main result.
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Theorem 3.1. Let (M, =,p) be an ordered complete partial metric space and S, T :

M — M be generalized rational type ordered F-contractions. If there exists ro € M
such that 1o = S(ro) and either

(a) one of S, T is continuous or
(b) (M,=,p) is regular.
Then S, T have a common fized point.
Proof. (a) We begin with the following observation:
R(r2i,r2i+1) = 0 if and only if ro; = r9;41 is a common fixed point of S, T.

Let R(roi,r2;41) > 0 for all i = 0,1,2,3,.... Arguing as in Lemma 3.1, we have

Now if p(S(rai), T(r2i+1)) = 0, then using Lemma 3.1, we can conclude that ro; is
a common fixed point of S, T. Let p(S(re;), T(r2i41)) > 0, so, (ro;,m2i+1) € O. By
contractive condition (3.1), we get

T+ F(p(rait1,m2i42)) = 7+ F(p(S(r2:), T (r2i41)))
F (R(r2i,m2i41)),

—~
w
[N}

~—

IN

p(r2i; r2it1),
p(r2i, S(roi))p(raiv1, T(roiy1))
R(r2i,T2i+1) = max 14 p(roi, m2i41)
p(r2i, S(roi))p(raiv1, T(raiy1))
1+ p(S(rai), T'(r2it1))
p(Tzz', T2i+1)p(7"2i+1, T2i+2)
1+ p(rai, rais1)
p(ras, 7'2i+1)p(7'2i+1 » 2342
14 p(roit1,72i42)
< max {p(rei, r2it1), P(T2i41,T2i42) }

)

P(T2i, T2i41),

)
= max

If R(TQZ', ’I”2i+1) S p(TQ»L'Jrl, T2i+2), then by (32), we get a contradiction to Fl) Thus,
fOI‘ R(TQZ', ’I”2i+1) S p(’rQi, ’I”2i+1), we have

(3.3) F (p(r2ig1,72i42)) < F(p(r2i,r2i41)) — T,

for all i = 0,1,2,3,.... As (T2i+1 = 7242 and p(S(T2i+2),T(T2i+1)) > 0 be-
cause otherwise by Lemma 3.1, 79,11 is a common fixed point of S and T'. Thus,
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(T2i+1, T2i+2) € O and

p(raiv2, 2iv1),

p(r2it2, S(raiv2))p(r2iv1, T(r2it1))

R(roiye,T2i41) = max L+ p(r2iv2,T2i41)

P(r2i12, S(r2i42))p(raiv1, T(raiy1))
L+ p(S(r2it2), T (r2i41))

p(r2it2,T2iv1),

P(r2iy2,72i43)P(T2i11,T2i12)

= max 14 p(rait+2,72i41)
P(r2iy2,72i43)P(T2i11,T2i12)

1+ p(r2it3, T2i+2)
< max {p(raite, r2iy1), P(r2iv2, T2i43)}

)

)

Again the case R(r2i12,72i+1) < p(reita,re;t3) is not possible. So, for the other
case, contractive condition (3.1) implies

(3.4) F (p(raiv2,r2its)) < F (p(raiy1, raize)) — 7,

for all i =0,1,2,3,.... By (3.3) and (3.4), we have

(3.5) F (p(rn,mnt1)) < F(p(rp—1,m)) — T,

for all n € N. Repeating these steps, we get

(3.6) F (p(rn,mnt1)) < F(p(ro,m1)) — nr.

By (3.6), we obtain lim, oo F (p(7y, 7m11)) = —00 and (Fy), implies

(3.7) lm p(rp, rne1) =0.

n—00

By the property (F3), there exists k € (0, 1) such that

(3.8) lim ((p(rn, 7n11))" F (p(7n; 7nt1))) = 0.

n—oo

Multiplying (3.6) by (p(rn,7n+1))", we obtain

(39) (p(rnvrn-l-l))’li (F (p(rnarn—i-l)) - F(p(To,ﬂCl))) < - (p(T“n,TnH))NnT <0.

Using (3.7), (3.8) and letting n — oo in (3.9), we have

(3.10) lim (n (p(rn,7n41))") = 0.

n—oo

There exists ny € N, such that n (p(r,,7,41))" < 1 for all n > ny or,

1
(3.11) P(rn,rng1) < — for all n > ny.
ne
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y (3.11), for m > n > ny, we have

p(Tn, Tm) < p(rnu rn-i—l) +p(7°n+1,7°n+2) + P(Tn+2, rn+3) + ...+ p(rm—lurm)

m—1

- Z p(rjvrj)

j=n+1
P(Tns Tng1) + P(Tng1, Tnve) + (g2, Tngs) + oo + D(Pm—1,7m)

m—1 0o 0o 1
= ZP(H,HH) < ZP(%HH) < ZT
i=n =n i:nlk

IN

1
The convergence of the series >~ — entails limy, 1 00 P(7n, 7m) = 0. Hence {r, }

is a Cauchy sequence in (M, p). By Lemma 2.1(1), {rn} is a Cauchy sequence in
(M,d). Since (M,d) is a complete metric space, there exists v € M such that
lim,, o0 (7, v) = 0. By Lemma 2.1(3)

(3.12) lim p(v,r,) =p(v,v) = lim p(ry,rm)-

n— o0 n,Mm—00
Since limy, ym— oo P(7n, Tm) = 0, by (3.12) we have

(3.13) p(v,v) =0= lim p(v,ry,).

n—oo
By equation (3.13) it follows that ro,,+1 — v and 79,42 — v as n — oo with respect
to 7(p). Suppose that T is continuous then

v= lim r, = hm Top+1 = lm 7op42 = lim T(rops1) = T( lim ropy1) = T(v).
n—oo n—oo n—oo n—oo

Now we show that v = S(v). Suppose on contrary that p(v, S(v)) > 0. Since v < v,

by contractive condition (3.1), we obtain

T+ F(p(v,S(v))) T+ F(p(S(v), T(v)))

F(R(v,v))
F(p(v, S(v))) F(p(v,5(v))),

a contradiction to (Fy). Thus, p(v,S(v)) = 0. The axioms (p;) and (pz) implies
v = S(v). Consequently, S(v) = T(v) = v that is (S,T) have a common fixed point
.

(b) In the other case, if M is regular then we have r, =< v for all n € N. To show
that v is a common fixed point of S, T, we split the proof into two cases.
Case. 1

If r, = v for some n, then there exists i9p € N such that ro;;, = v and S(v
S(r2ig) = T2ig+1 S v also v = ro;y = 19041 = S(v). Thus, v = S(v) and by (
we have v = T'(v). This completes the proof.

Case. 2

ARVAN

) =
3.1)
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If r,, # v for all n, suppose that p(v, S(v)) > 0. Since lim,,— o r2; = v, there exists
n € N such that

p(reit1,S(v)) > 0 and p(re;,v) < M for all ¢ > .
p(r2i7 U)u
p(rai, S(rei))p(v, T(v))
R(r2;,v) = max 1+ p(ra,v) ’ )

p(rai, S(rei))p(v, T(v))
L+ p(S(r2), T'(v))

R(rei,v) < M for all i >

As (rg;,v) € O. By contractive condition (3.1), we have

T+ F(p(r2it1,5(v))) = 7+ F(p(S(r2:), T (v)))
< F(R(Tﬂvv))a

Fpw, s@)) < pEC)

) as i — o0,

a contradiction to (Fy). Therefore, p(v, S(v)) = 0. The axioms (p1) and (p2) implies
v = S(v) and hence by (3.1), we have v = T'(v). Thus, the mappings S and T have
a common fixed point v. O

We denote set of common fixed points of S, T by Cf,.

Theorem 3.2. In addition to the assumptions in Theorem 3.1, if C¢p, is a chain,
then it is singleton set (common fized point is unique).

Proof. Asv € Cyp and if w is another common fixed point of S, T, then w < v,
also p(S(v),T(w)) > 0 (other wise v = w) so, (v,w) € O and the contractive
condition (3.1) implies

T+ F(p(v,w)) 7+ F(p(S(v), T(w)))

F(R(v,w)) = F (p(v,w))

IN

which is a contradiction to (F}). Hence, v = w and v is a unique common fixed
point of mappings (S, 7). O

Theorem 3.3. In addition to the assumptions in Theorem 3.1, if there exists z in
M such that every element in the orbit Or(z) = {z,T(2),T?(2),...} is comparable
to the element(s) in Crp. Then common fized point is unique.

Proof. As v € Uy, and if w is another common fixed point of S, T, then there
exists an element z € M such that every element in Or(z2) = {2,7(2),T?(2),...}
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is comparable to v and w. Thus, (T"71(2),S" (v)) and (T *(z),S" 1 (w)) are
elements of O for each n > 1. By (3.1), we have

T+ F(p(v,T"(2))) = 7+ F(p(S"(v),T"(z))
(3.14) < F(R(S" (), T"'(2)))
As
p(S™~ T" (2)),
p(S (v)) p (T""1(2), T"(2))
R(S" (), T" (2)) = max 1+p(5” 1( )T” 1(2)) ’

(2)
1+p(3"( ) "(2))
= p(8" (), T"(2) = p (v, T (2))

thus, the inequality (3.14) implies {p(v,T"(2))} is a non-negative decreasing se-
quence which in turn converges to 0. Similarly, we can show that {p(w,T™(z))} is
a non-negative decreasing sequence converges to 0. Consequently, v =w. O

Let
E={(e,8) e M x M :a=5,p(T(a),T(B)) > 0}.
Definition 3.3. Let (M, =<,p) be an ordered partial metric space. We say the
nondecreasing mapping 7 : M — M is a generalized rational type ordered F-
contraction, if there exist F' € Ap and 7 > 0 such that

(3.15) T+ F(p(T(), T(B))) < F (Ra(e, ),

for all (o, 8) € € and

Ri(a, f) = max

Corollary 3.1. Let (M, =,p) be an ordered complete partial metric space and T :
M — M be a generalized rational type ordered F-contraction. If there exists rg € M
such that 1o = T'(rg) and either

(a) T is continuous or
(b) (M,=,p) is regular.

Then T has a fixed point.

Proof. Set S =T in Theorem 3.1. O
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Corollary 3.2. [11] Let (M,=,d) be an ordered complete metric space and T :
M — M be an ordered F-contraction. Let T is nondecreasing mapping and there
exists ro € M such that ro X T(ro). If T is continuous or M is regular, then T has
a fized point.

Proof. Set Ri(a, 8) = p(a, 8), p(a, @) = 0 for all o, 8 € M in Corollary 3.1. O

Remark 3.1. The Theorem 3.1 is valid if R(«, ) is given any value from following.

p(a75a) p(/B7T/8) .
1+ p(a, B)
= p(a,Sa);

(e, )
(e, )
(@B) = p(B,TB);
R(a,B) = max{pm,m
(0. )
(0, )
(e, )

p(a, Sa) - p(B,Th) } ,

1+ p(a, B) ’
R(e, = max {p(avﬁ)vp(av Sa)};
R(e,8) = max{p(e,B),p(8,TH)};
— max p(Oé, SOé) p(BvTﬁ) a. Sa .
Raw) = max{HEZEEEI o 5|
Ria.8) = max {HOSOPOID 5 1)
R(e,f) = max{p(a,Sa),p(8,TH)};
R(a.8) = max{p(a ) X0 PELD o s0)
R(a.8) = max {p(a ), LEEDPELE 5. 75)

R(a, ) = max{p(e,B),p(e, S), p(B,TB)}.
We extend the Definition 3.2 for all o, 8 € M as follows:

Definition 3.4. Let (M,p) be partial metric space. We say the mappings S, T
form a pair of generalized rational type F-contractions. If there exist F' € Ap and
7 > 0 such that

T+ F(p(S(a), T(B))) < F(R(a,B)), for all o, 5 € M and

B 1+
R(a7 ﬁ) = max p(a, S(oz))p(oé, T(ﬂ )

Theorem 3.4. Let (M,p) be complete partial metric space and S, T : M — M be
generalized rational type F-contractions. If one of S and T is continuous, then S
and T have a common fixed point.

Proof. The arguments follow the same lines as in proof of Theorem 3.1. O
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Corollary 3.3. Let (M,p) be complete partial metric space and T : M — M be
generalized rational type F-contraction. Then T has a unique fixed point.

Proof. Set S =T in Theorem 3.4. O

Corollary 3.4. [18] Let (M,d) be a complete metric space and T : M — M be
an F-contraction. Then T has a unique fixed point v € M and for every rg € M
the sequence {T"(r¢)} for all n € N is convergent to v.

Proof. Set Ri(«, 8) = p(a, B8), p(a,) = 0 for all o, 5 € M in Corollary 3.3 O

The following example illustrates Theorem 3.1 and shows that condition (3.1)
is more general than contractivity condition given by Durmaz et al. ([11]).

Example 3.1. Let M = [0,1] and define p(ri,r2) = max{ri,r2}. Let <1 be defined
by r1 <1 r2 if and only if ro < 71 for all 1,72 € M, then r1 <1 r2 is a partial order on
M and (M, <1,p) is a complete ordered partial metric space. Induced metric is given by
d(ri,7m2) = |r1 — r2|, so, (M, <1,d) is a complete ordered metric space. Define mappings
S, T: M — M by

g if r € [0, 1); 3y
T(r)= and S(r):ﬁ forall r € M
0 ifr=1
Clearly S,T are weakly increasing self mappings with respect to <i. Define the map-

ping ' : RY — R by F(r) = In(r), for all » € RT™ > 0. Let ri,72 € M such that
p(S(r1),T(r2)) > 0 and suppose that r2 <1 71. Then

R(ri,r2) = maxqr i re
1,72) = 2 ’ 3r1 ro .
1+T1 1+max{ﬁ7?
i T1 ™ _ P .
Since e < 1 and P— 3;41 = < 1, we have that R(r1,r2) = r2. In a similar way, if

r1 <1 r2, we obtain that R(r1,72) = r1, i.e., R(r1,72) = p(r1,72). Let 7 < 1n(1—34). Then,
since (r1,72) € O

74+ 1In(p(S(r1), T(r2))) = T“n(ma"{%’%})

< ()4 <max { Bplrtara) plrrs) })

= ln(l—;) +In <%) =1In (p(ri,72))

= In(R(ri,r2)).

Thus, for F(r) = In(r), the contractive condition (3.1) is satisfied for all r1,r2 € M.
Hence, all the hypotheses of the Theorem 3.1 are satisfied, note that the mappings S and
T have a unique common fixed point 7 = 0. As we have seen in Example 2.4, T' is not an
F4-contraction in (M, <1,d) and p is not a metric on M. Thus, we can not apply Corollary
3.2 and hence Corollary 3.4.
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4. Application of Theorem 3.4

Let M=C({a, b],R) be the space of all continuous real valued mappings defined
on [a,b], a > 0. Define p: M x M — R{ by

(4.1) p(u,v) = sup |u(t) —v(t)] +n, for all u,v € C([a,b],R) and n > 0.
t€la,b]

Obviously, (M, p) is a complete partial metric space. We shall apply Theorem 3.1
to show the existence of a common solution of the system of Volterra type integral
equations given by

(4.2) u(t) = q(t)—|—/K(t,r,u(t))dr,
(4.3) (t) = q(t)—i—/J(t,r,v(t))dr,

a

for all ¢ € [a, b], where ¢ : M — R is a continuous mapping and K, J : [a, b] x [a, b] X
M — R are lower semi continuous operators. We prove the following theorem to
ensure the existence of a solution of the system of integral equations given by (4.2)
and (4.3).

Theorem 4.1. Let M=C(]a, b], R). Define the mappings f,g: M — M by

~
—
e
)
=
~—
I

q(t)—|—/K(t,r,u(t))dr;

o) = qt)+ / J(t,o(t))dr

a

where ¢ : M — R is a continuous mapping and K, J : [a,b] X [a,b] x M — R are
lower semi continuous operators. Assume that the following conditions hold:

(i) there exists a number 7 > 0 such that
1 -7
(K (2, u(t) = J(&,r,0(t))] < 5 In(p(u(t), v(t))e™)
for each t,r € [a,b] and u(t),v(t) € M such that
p(u(t),v(t)) > e7;

(i) n(p(f(u(t), g(v()))) < |f(u(t)) — g(v())], for all ¢ € [a, b].
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Then the system of integral equations given by (4.2) and (4.3) has a solution.

Proof. By assumption (i), we have

[fu(t) —gu(t))| = /IK(t,T,U(t))—J(tmv(t))ldf

IA
\}ﬁ
S| =

—_

=

—

=

—~

g

—~

~

~—
>4

—~

~

~—
~—

Ch‘

3
~—

U

3

By condition (ii), we have

In(p(fu(t), gv(t))) < In(p(u(t),v(t))e™") = In(p(u(t), v(t))) — T,

which implies
7+ In(p(fu(t), gv(t))) < In(p(u(t), v(t))) < In(R(u(t), v(t))).

Now F(r) = In(r) satisfies all the hypotheses of Theorem 3.4 and so the system
of integral equations given by (4.2) and (4.3) has a unique common solution. [J
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