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ABSTRACT. Common fixed point theorems for three self mappings satisfying generalized
contractive conditions in cone metric spaces are derived. Also, some common fixed point
results for two self mappings are deduced. Moreover, these results generalize some impor-
tant familiar results. Given example to illustrate our main result. Furthermore, an existence
theorem for the common solution of the two Urysohn integral equations obtained by using
our main result.
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1. Introduction

Some common fixed point(or, CFP) theorems are derived for commuting maps in [9]. The
concept of cone metric spaces(or, CMSs) was introduced by L. G. Huang et al in [7]. Every
metric space is a cone metric space(or, CMS) with respect to the natural cone P = [0, 00)
of the real line Banach space R. After introduction of the concept of CMSs for fixed point
theory, CFP results for CMSs were derived in more articles. See, for example [1, 2, 3, 1, 5, 6,

) b ) ) ]'

The notion of weakly compatible maps was introduced by Jungck in [10]. M. Abbas and G.
Jungck [2], proved some CFP theorems for two non commuting weakly compatible mappings
without continuity in CMSs. In [15] P. Vetro proved CFP result for two self mappings, which
is generalisation of result of M. Abbas and G. Jungck. M. Abbas and B. E. Rhoades proved
CFP theorems for two self mappings satisfying generalized contractive condition in CMSs in
[1]. Also, M. Arshad et al proved some CFP results for three self maps on CMSs in [3].

In this paper, we use the technique of M. Arshad et al to derive some CFP theorems for
three mappings without continuity satisfying certain generalized contraction conditions in
CMSs. We deduce some CFP results for two self mappings in CMSs. Also, we deduce some
more results for self maps in CMSs. Moreover, we generalize some important familiar results
of [1, 2, 3, 7, 15]. Furthermore, we write an example to illustrate our main result, and we
prove an existence theorem for the unique common solution(or, UCS) of the two Urysohn
integral equations(UIEs) by using our main result.
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2. Cone metric spaces

This section include some definitions and known results in this section. See [7] for more
details.
Let E always be a real Banach space and P C E. The set P is called a cone if and only if

(I) P is closed, P # 0, and P # {0};
(I) a,b€R,a,b>0,v,n€ P=av+bne P; and
(Ill) ve Pand —ve P=v =0.

Given a cone P C F, we define a partial ordering < with regard to P by v < niff n—v € P.
We shall write v < 1 to mention that v < n but v # n, and v < n iff n — v € intP, where
int P represent the interior of P.

The cone P is called normal if there is a number K > 0 such that V v,n € E satisfying
0 <v <nwehave || v [|[< K || n||. The smallest positive number K is called the normal
constant of P.

In this paper, E is a Banach space, P is a cone in F with intP # (), and < is the partial
ordering induced by P.

Definition 2.1. [7] Let W # () be a set. The function d : W x W — F is said to be a cone
metric if

(i) 0<d(v,n),Yv,ne W and d(v,n) =0 iff v = n;
(i) d(v,n) =d(n,v), Yv,n € W; and
(iil) d(v,n) < d(v,p) + d(p,n), Vv,n, u € W.

Then (W, d) is called a cone metric space(CMS).

Definition 2.2. [7] Let (W,d) be a CMS, and {v,} be a sequence in W.

(i) {wn} is said to be order convergent if for every ¢ € E with 0 < ¢ there exists N € N
such that V n > N, d(v,,v) < ¢, for some v € W.
(ii) {wn} is called an order Cauchy sequence(or, OCS) if for any ¢ € E with 0 < ¢, there
exists N € N such that V n,m > N, d(vy, vm) < c.
(iii) (W,d) is called an order complete, if every OCS is order convergent in WW.

For the main results of this paper we need the following lemma and definitions.

Lemma 2.3. [7] Let (W,d) be a CMS, and the corresponding P be a normal cone with normal
constant(or, NCWNC) K. Let {v,} and {n,} be two sequences in W. Then the following
conditions hold.

(i) The sequence {v,} order converges to v in W iff d(vy,,v) — 0 as n — 0.
) If vy—v, vy—n as n — 0o, then v = 1.
ii) The sequence {v,} is an OCS iff d(vn,vm) — 0(n,m — 0).

) If vn—v, np—n as n — 0o, then d(vn,n,) — d(v,n) as n — oo.

Definition 2.4. [2] Let h, f,g : W — W be three maps. If n = hv = fv = gv for some v in
W, then v is called a coincidence point of h, f and g, and 7 is called a point of coincidence(or,
POC) of h, f and g.

Definition 2.5. [10] A pair (h, f) of self maps on a set W # () is called weakly compatible(or,
WCQ) if the condition hv = fv implies that hfv = fhv.
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3. main results

In this section, we establish the result on points of coincidence and common fixed points for
three self mappings and then show that our main result generalizes some important results
of fixed point.

Definition 3.1. Let A, f and g be three self maps on a CMS (W,d) and f(W) U g(W) C
h(W). Let vy € W. Choose points v; and vo in W such that fry = hry and gy = hus.
Continuing this process we get vy, 1, ..., v2;. Now we choose 9,11 and v9;12 in W such that
f(v2i) = h(12it1), 9(v2it1) = h(vait2), ¢ = 0,1,2,.... Then the sequence {hv,} is called a
f — g sequence.

Proposition 3.2. Let (W,d) be a CMS, and the corresponding P be a« NCWNC K. Let h,
f and g be three self maps on a set W and g(W)U f(W) C h(W). If the following conditions
hold

(i) d(fv,gn) < ad(hn, hv)+Bld(hv, fv)+d(gn, hn)]+~[d(hv, gn) +d(fv, k)], Vv,n € W,
with v # n, where o, y, 5 > 0, with o + 25 + 2y < 1;
(i) d(fv,gv) < d(hv, fv) +d(hv,gv), Vv € W, where fv # gv,

then every f — g sequence is an OCS.

Proof. Fix vy € W, and let {hv,} be a f — g sequence.
Case(I): Suppose hvy,, # hvpt1, for all n € N. So v, # vp41, for all n, and hence

d(hvgit1, hvaive) = d(frei, gvoit1)

< ad(hvyi, hvaigr) + Bld(hvai, fra) + d(hveit, gveiv)]
+[d(hvas, graivt) + d(hvaisr, frai)]

< ad(hvai, hvgiv1) + Bld(hvai, hvaivt) + d(hvoigr, hvaiyo)]
+[d(hvai, hvoiye) + d(hvoigt, hvaic)]

a+pf+y

d(hV2i+1;hV2i+2) < (m

)d(hva;, higiy1).

Similarly,

a+ B+

m)d(fwml, hvgiya).

d(hvgita, hinirs) < (

By putting A = (%@) < 1, we have

d(hvgit1, hvaive) < Ad(hva;, hvgiyr), and

d(hvaiyo, hvoirs) < Ad(hvgit1, hvgiye).
Now, by using the induction, for each i=0,1,2....., we get

d(hvaiy1, hinigs) < AN2Hd(hug, huy).
Similarly,

d(hvaira, hinirs) < N2d(hug, huy).
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Now, for p < g, we get

d(hvopyt, hogr1) < d(hvapyr, hvapyo) + d(hvapio, hvopys) + ...
+d(hvag, hogy1)

( i Ai) d(hvg, hin).

<
a i=2p+1
Hence,
2q+1
ld(avapsr sl < (D N)Klld(hvo, han).
i=2p+1

So, d(hvapy1, hagy1) — 0 as p, g — oo.
Also we get d(hvap, hvog1) — 0 as p,q — 00, d(hvay, hvag) — 0 as p,q — oo, and
d(hvopy1, hing) — 0 as p, g — oo.
Therefore, d(hvy,, hvy,) — 0 as m,n — oo for m < n. Hence {hv,} is an OCS.
Case (II): Suppose hvy, = hvpy,41, for some m € N.
If vy, = Vi1, and m = 24, then by (ii), we have,
d(hvaiy1, hoiya) = d(froi, greiy1)

< d(hvag, fvei) + d(hvaitt, groivt)

= d(hvait1, hvaite).
Therefore, hvoj11 = hvgigo.
If vy, # Vo1, then we have

d(hvoiy1, hroiyo) = d(froi, greiv1)

< ad(hvy;, hvgiyr) + Bld(hvai, frai) + d(hveit, gveiv)] +
Y[d(hvai, grait1) + d(hvgiga, frai)]
= ad(hvai, hvgiy1) + Bld(hvag, hvoiy1) + d(huvgig 1, hiniro)] +
Y[d(hvoi, hvaiyo) + d(hvgitt, hvgir))

= (B +v)d(hvait1, hvaiga).
Then d(hvoiy1, hairoe) < (B + v)*d(hvoiy1, higiys), for every k =1,2,3, ..., and

[|d(hvait, haita)]] < (5+’y)kKHd(h1/2i+1, hvgiy9)||, for every k = 1,2,3, ..... Since (ﬁ+7)k —

0 as k — oo, we get d(hvaiq1, higir2) = 0. Therefore, hioir1 = higiio.

Similarly we conclude that, hvo; 19 = hvgiys. So, hvy, = hyy, for all n > m. Hence {hv,} is

an OCS, and this complete the proof.

We are now ready to state the main result.

Theorem 3.3. Let (W,d) be a CMS, and the corresponding P be a NCWNC K. Let h, f
and g be three self maps on a set W such that h(W) be an order complete subspace of W and

gW)u f(W) € h(W). If

(i) d(fv,gn) < ad(hn, )+ Bld(hv, fv) +d(gn, kn)] +~[d(hv, gn) +d(fv, hn)], Yv,n € X,

with v # n, where a,y,3 > 0, with a + 28+ 2y < 1; and
(ii) d(fv,gv) < d(hv, fv) 4+ d(hv,gv), for allv € W, where fv # gv,
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then h, f and g have a unique POC. Moreover, if (f,h) and (g,h) are WC, then h, f and g
have unique CFP.

Proof. Fix vg € W. By using the above proposition, we conclude that the f — g sequence
{hvy,} is an OCS. By the order completeness of h(W), hv, — v, for some v in W. Also there
exists u in W such that hu = v. Now for every n € N:

d(hvy, fu) < d(hvy, hvay) + d(hvay, fu)
= d(hvy, hvay) + d(gron—1, fu)

< d(hvy, hvay,) + ad(hu, hvan_1) + Bld(hu, fu) + d(hvap—1, gran—1)]
+7y[d(hu, gvan—1) + d(hvon—1, fu)]

= d(hvp, hvay) + ad(v, hva,—1) + Bld(v, fu) + d(hvep—1, hvey)]
+v[d(v, hvay,) + d(hvap—1, fu)].

d(hvy, fu) < [(1+ B)d(hvp,v) + (1 + B+ 27v)d(hvap, v)

+(14 B8+ y)d(v, hvay—1)]

1
1-F—n
and hence,

(b, Fu)l < g K1+ B)d(hwin,v) + (15 5 + 23)d(hv, o)

+(1+ B+ v)d(v, hvap—1)]]].

Therefore, d(hvy, fu) — 0 as n — oco. Hence hv,, — fu. Also we have hv, — hu, and by
using Lemma 2.3, we get fu = hu.

Similarly from d(hvy,gu) < d(hvy, hvopt1) + d(hvopt1, gu) we have hu = gu. Therefore
hu = fu = gu = v, where v is POC.

For the proof of uniqueness of v, let v* be an arbitrary POC such that hu* = fu* = gu* = v*.
Then

d(v,v*) = d(fu,gu”)
< ad(hu®, hu) + Bld(hu, fu) + d(hu*, gu*)] + v[d(gu™, hu)
+d(hu*, fu)]
< ad(v*,v) + Bld(v,v) + d(v*,v")] + y[d(v,v") + d(v*, vY)]
< (a+2y)d(v,v%).

d(v,v*) < (a+ 27)™d(v,v"), for every m = 1,2, 3, ..., and

l|d(v,v)|| < (a+ 2v)"K]||d(v,v*)]|. Since (o + 2v)™ — 0 as m — oo, we have d(v,v*) = 0.
Therefore v = v*. Thus the POC is unique.

Also, if (g, h) and (f, h) are WC pairs, then

fv= fhu = hfu= hv, and gv = ghu = hgu = hv,

which implies that fv = gv = hv = z. Therefore z is a POC of h,f and g. Since the POC is
unique, we conclude that v = z, and so h, f and g have unique CFP v. (|

By putting g = f in Theorem 3.3, we conclude the following result.
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Theorem 3.4. Let (W,d) be a CMS, and the corresponding P be a NCWNC K. Let
h,g: W — W, h(W) be an order complete subspace of W and g(W) C h(W). If

d(gv, gn) < ad(hv, hn) + Bld(hv, gv) + d(hn, gn)] + ~v[d(gn, hv) + d(hn, gv)],
for allv,n € W, where a,7y, 8 € [0,1), witha + 25+ 2y <1,

then h and g have a unique POC. Moreover, if a pair (h,g) is WC, then h and g have unique
CFP.

The following corollary, is a direct result of Theorem 3.4.

Corollary 3.5. Let (W,d) be a CMS, and the corresponding P be a NCWNC K. Let
h,g : W — W be two maps such that h(W) be an order complete subspace of W and
g(W) C h(W). If

d(gv, gn) < tid(hv, hn) + tad(hv, gv) + tzd(hn, gn) + tad(hv, gn) + tsd(hn, gv),

5
for allv,n € W, wheret; € [0,1),Vi € {1,2,...5}, with Zti <1,
i=1
then h and g have a unique POC. Moreover, if a pair (h,g) is WC, then h and g have unique
CFP.

Proof. Adding the new inequality to contractive condition, by interchanging roles of v and
7 in contractive condition with a = t1, 8 = %, and v = t3J2rt4, and by Theorem 3.4, we

proved this result. ]

The above Corollary is a generalization of Theorem 1 of [15], Theorem 2.3, Theorem 2.1,
and Theorem 2.4 of [2].
By putting h = I in Theorem 3.4, we conclude the Corollary 2.3 of [1] as follow.

Corollary 3.6. Let (W, d) be an order complete CMS, and the corresponding P be a NCWNC
K. Let g: W — W be a map such that

d(gv, gn) < ad(n,v) + Bld(v, gv) + d(n, gn)] +~[d(gn, v) + d(n, gv)],
for allv,n € W, where o, 7y, 5 € [0,1), witha+ 25 + 2y < 1.
Then g has unique fized point(or, UFP).
The above Corollary is Corollary 2.3 of [1].

Corollary 3.7. Let (W, d) be an order complete CMS, and the corresponding P be a NCWNC
K. Let g: W — W be a map such that
d(g"v,g"n) < ad(v,n) + Bld(v,g"v) + d(n, g"n)] + yld(v, g"n) + d(n, g"v)],
for allv,m € W,r € N, where a,7y, 5 € [0,1), with o+ 25+ 2y < 1.

Then g has UFP.

Proof. The mapping g" has UFP v*, because of previous Corollary 3.6. But g(¢"v*) =
g"(gv*) = gv*, so gv* is also a fixed point of ¢g". Hence gv* = v*, and v* is a fixed point of
g. Therefore g has a UFP, because a fixed point of ¢ is also a fixed point of g". O

Remark 3.8. The Corollary 3.7 is a generalization of Corollary 1 of [15], Theorem 1, Theorem
3, Theorem 4, and Corollary 2 of [7].
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Next we give an example to find a unique common fixed point of three self maps, and which
is illustrate our main result.

Example 3.9. Let P = {(v,n7) € E : v,n > 0} be a subset of the real Banach space
E = R?, (the Euclidean plane). Then P is a NCWNC with K = 1. Let W = {a,b,c} and
d: W x W — E be defined by d(v,n) = 0 if v = 7, and suppose v # 7,
(2,2), ifv,ne{a,c}
d(v,n) =< (1,5), ifv,ne€{a,b}
(%,3), if v,n € {b, c}.

Then (W, d) is a order complete CMS.
Define h, f,g: W — W by h(v) = v,f(v) = ¢, and

a, ifv==>b
gv = .
c, ifv#b.

Fora=0,y=0,and 8 = %, we have

d(fz,gy) =

(Z 424y ify—gandy=1b
d(h d(hn, = 5 57 5
B[(l/7fV)+ (7]977)] {(562_{_271;3)’ if v = band = b,

Also, (g, h) and (f, h) are WC pairs on W, because hf(c) = fh(c) and hg(c) = gh(c). Then,
all conditions of Theorem 3.3 are satisfied. Moreover, the unique CFP of h, f and g is c.

4. APPLICATIONS

We show that an existence theorem for the unique common solution(UCS) of the two
Urysohn integral equations(UIEs). In the following, assume W = C([a, b],R"), P = {(k,l) €
E:k1>0}CE=R? and d(v,n) = (||[v —|loo, w||[V — 1||sc), Y, € W, w > 0, so (W,d) is
an order complete CMS.

Theorem 4.1. Let consider two UIEs
b

(4.1) v(r) = /Ll(r,t, v(t))dt + p(r),

a
b

(4.2) v(r) = /Lg(r,t,u(t))dt +q(r),

a

where r € [a,b] C R, and v,p,q € W. Let Ly and Ly be two maps from [a,b] X [a,b] x R™ to
R™ such that
(i) Ay, B, € W, for every v € W, where

b b
Ay(r) = /Ll(r,t,u(t))dt,B,,(r) = /Lg(r,t,u(t))dt,VT € [a,b].

a
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(i) There exists cv,7y, 3 > 0, such that

(14y(r) = By(r) + p(r) — q(r)], wlAy(r) = By(r) + p(r) — q(r)])
< a(lv(r) —n(r)|, wlv(r) —n(r)l)

+B1(14u(r) + p(r) — v(r)], w|Ay(r) + p(r) — v(r)])

+(IBy(r) + q(r) = n(r)], w|By(r) + q(r) — n(r)])]

By (1) + q(r) — v(r)], w]By(r) + q(r) — v(r)])

+([ A (r) +p(r) = n(r)], wl Ay (r) + p(r) = n(r)])],

where a + 20 + 2y < 1, Yv,n € W with v #n, and r € [a,b).
(iii) Whenever A, +p # B, +q,

sup ([A,(r) = Bu(r) +p(r) = q(r)], w|Ay(r) = By(r) + p(r) = q(r)])

ré&la,b]
< Til[lapb]ﬂA,,(r) + p(r) —v(r)|,w|A,(r) + p(r) — v(r)])
+ sup (|Bu(r) +q(r) — v(r)|,w|By(r) + q(r) — v(r)]), Vv € W.

r€la,b]
Then UlEs (4.1) and (4.2) have a UCS.
Proof. Let g, f : W — W by f(v) = A, +p, g(v) = B, + g, then

(1f = glloos wllf = glloc) < (|l = nlloo, wl[v = n[o0)
+BII () = vlloos ][ £ (¥) = vlloo) + (lg (1) = 1lloo, wllg (1) = 7l |oo)]
(g () = Vlloo, wllg(n) = Vlloo) + (1 (¥) = nlloo, wl[f(¥) = nllo0)];
Vv,n € W, with v # n, and if f(v) # g(v)

(1f = glloo, wllf = glloo) < (IIf () = Voo, ][ f () = V]]o0)
+([l9(¥) = Vlloo, wllg(v) = Vllo0),
Vve W. If h=1on W, UlEs (4.1) and (4.2) have a UCS, by Theorem 3.3. O

Conclusion

Fixed point iteration methods are applied to solve Urysohn integral equations. So, we have
to find all possible fixed point results in connection with fixed point iteration methods.
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