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1. Introduction and Preliminaries

In 1922, S. Banach proved a fixed point theorem for contraction mapping in complete metric space. The study of fixed points
of mappings satisfying certain contraction conditions has been at the center of rigorous research activity. In many years,
authors generalized the Banach contraction principle in various spaces such as quasi-metric spaces, fuzzy metric spaces,
2-metric spaces, cone metric spaces, cone Banach space, partial metric spaces and generalized metric spaces and so on. In
1984 [5], Khan M.S., Swaleh M., Sessa S are discuss the concepts of fixed point theorems by altering distances between
the points of a complete metric space. In 2012 [3], Hemant Kumar Nashine, Hassen Aydi are extended the concept of
Common fixed point theorems for four mappings through generalized altering distances in ordered metric spaces. In 2017
[9], R.Krishnakumar and D.Dhamodharan are establish the concepts of common fixed point of four mapping with contractive
modulus on cone Banach space. In this paper, we proved the existence of unique common fixed point of four mapping in

contractive modulus and weakly compatible maps on complete metric space.

Definition 1.1. Let X be a nonempty set, a distance function d : X x X — [0,00) is called a metric on X if it satisfies the

following conditions with
(1). d(z,y) >0 and d(z,y) =0 if and only if v =y, Vz,y € X,
(2). d(z,y) = d(y,z), Va,y € X,

(3). d(z,y) < d(z,z) +d(z,y), Va,y,z € X.
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Then (X, d) is called a metric space.

Example 1.2. Let X = R and d : X x X — [0,00) such that d(z,y) = |z — y|. Then (X,d) is a metric space (Euclidean

metric space).

Definition 1.3. Let (X,d) be a metric space and {x,} be a sequence in X. Then {x,} converges to x in X whenever for
every € > 0 there is a natural number n € N such that d(xn,x) < € for allm > N. It is denoted by lim,_ oo Tn = T oT

Tp —> T.

Definition 1.4. Let (X,d) be a metric space and {z,} be a sequence in X. Then {xn} is a Cauchy sequence whenever for

every € > 0 there is a natural number ng € N, such that d(xn,zm) < € for all n,m > ne.

Definition 1.5. Let (X,d) be a metric space, if every Cauchy sequence is convergent in X, then X is called a complete

meltric space.

Definition 1.6. Let f and g be two self maps defined on a set X maps f and g are said to be commuting of fgx = gfx for
allz € X.

Definition 1.7. Let f and g be two self maps defined on a set X maps f and g are said to be weakly compatible if they

commute at coincidence points that is if fx = gz for all x € X then fgr = gfz = x.

Definition 1.8. Let f and g be two self maps on set X. If fx = gz, for some x € X then x is called coincidence point of f

and g.

Lemma 1.9. Let f and g be weakly compatible self mapping of a set X. If f and g have a unique point of coincidence, that

is w = fx = gx then w is the unique common fixed point of f and g.

2. Main Result

Theorem 2.1. Let (X, d) be a complete metric space. Suppose that the mappings P,Q,S and T are four self maps of (X, d)
such that T(X) C P(X) and S(X) C Q(X) and satisfying

d(Ty, Sz) < ad(Px, Qy) + b{d(Pz, Sx) + d(Qy, Ty)} + c{d(Pz, Ty) + d(Qy, Sz)} (1)

for all z,y € X, where a,b,c > 0 and a + 2b+ 2¢ < 1. suppose that the pairs {P,S} and {Q,T} are weakly compatible, then

P,Q,S and T have a unique common fized point.

Proof.  Choose xo is an arbitrary initial point of X and define the sequence {y,} in X such that

Yon = S:CZTL = Qx2n+1

Yon4+1 = T$2n+1 - Pw2n+2
By (1) implies that

d(y2n+1,Y2n) = d(Tx2n41, ST2n)
< ad(Pzon, Qrant1) + b{d(Pzan, Stan) + d(Qxant1, TTont1)} + c{d(Px2n, T2on+1) + d(Qz2n+1, STan)}
< ad(y2n—1,y2n) + b{d(y2n—1,Y2n) + d(y2n, y2n+1)} + c{d(yon—1,y2n+1) + d(y2n, y2n) }

< ad(yan—1, Y2n) + b{d(Y2n—1,Y2n) + d(Y2n, Y2n+1)} + cd(yY2n—1, Y2n+1)
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d(Yan+1,Y2n) < (a 4+ b+ c)d(y2n—1,y2n) + (b + ¢)d(y2n, Y2n+1)

a+b+c
n b n S sy n—
d(y2 +1,Y2 ) 1— (b + C) d(y2 Y2 1)

d(y2n+1,Y2n) < hd(y2n, yan-1)

where h = 1(1—%12) <lforallne N

d(Y2n, y2n+1) < hd(y2n—1, Y2n)

< h2d(y2n72, Yon—1)

< B*" " d(yo, 1)

forallm >n

d(ym ym) < d(ymyn-&-l) + d(yn+lvyn+2) + o+ d(ym—h ym)
< (A" 4+ h" 4R d(yo, 1)
<K (1+h+h>+ -+ A" ) d(yo, 1)

hn
1-h

IA

d(yo,y1)

Hence {y.} is a Cauchy sequence. There exists a point [ in (X, d) such that lim {y,} =1, lim S2, = lim Q2,41 =1 and
n—oo n—oo n—oo

lim T:L‘2n+1 = lim P:I)Qn+2 = [ that iS,
n— oo n—oo

lim Szn = lim Q2n+1 = lim Tx2n+1 = lim Pl‘g»,hLz = x*
n—oo n— o0 n—o0 n—o0

Since T'(X) C P(X), there exists a point z in X Such that 2* = Pz then by (1)

d(Sz,2") < d(Sz,Tran—1) + d(Txon-1,2")

< ad(Pz,Qzan-1) + b{d(Pz, Sz) + d(Qz2n—1,TT2n-1)} + c{d(Pz, Txon—1) + d(QT2rn-1,52)} + d(Tx2n-1,2")
Taking the limit as n — oo

d(Sz,z") < ad(z",z") + b{d(z",2") + d(z", S2)} + c{d(z",2") + d(z*, S2)} + d(z", z")
<0+ b{d(z",S2) + 0} + {0+ d(z", S2)} + 0

< (b+e)d(z™, Sz)

Which is a contradiction since a + 2b + 2¢ < 1. Therefore Sz = Pz = z*. Since S(X) C Q(X) there exists a point w € X

such that 2" = Qw. By (1)

d(Sz,x") < d(Sz, Tw)
< ad(Pz,Quw) + b{d(Pz, S2) + d(Qu, Tw)} + c{d(Pz, Tw) + d(Qu, Sw)}
< ad(z®,z") + b{d(z", &*) + d(z*, Tw)} + c{d(z", Tw) + d(z*, z*)}
<0+ b{0+d(z", Tw)} + c{d(z", Tw) + 0}

d(z™, Tw) < (b+ c)d(z", Tw)
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which is a contradiction since a 4+ 2b 4+ 2¢ < 1. Therefore Tw = Qw = z*. Thus Sz = Pz = Tw = Qw = z*. Since P and S
are weakly compatible maps. Then SP(z) = PS(z); Sz* = Pz".

To prove that * is a fixed point of S. Suppose Sz* # z* then by (1)

d(Sz*,z*) < d(Sx*, Tz")
< ad(Pz*,Quw) + b{d(Pz", Sz") + d(Qw, Tw)} + c{d(Pz", Tw) + d(Qw, Sz™)}
< ad(Sz*,z*) + b{d(Sz*, Sz*) + d(z*,2*)} + c{d(Sz*, z*) + d(z*, Sz*)}
< ad(Sz*, ") + b{0 + 0} + 2cd(Sz", ™)

d(Sz*,2") < (a + 2¢)d(Sz™,z™)

Which is a contradiction, Since a + 2b + 2¢ < 1.

Sz* =z

Hence Sz* = Px* = 2. Similarly, Q and T are weakly compatible maps then TQw = QTw, that is Tz* = Qx*

To prove that x* is a fixed point of T'. Suppose T'z* # z* by (1)

d(Tz",z") < d(Sz",Tz")
< ad(Pz*,Qz") + b{d(Pz", Sz") + d(Qz",Tz")} + c{d(Pz*,Tz") + d(Qz", Sz™)}
<ad(z",Tz") 4+ b{d(z",z") + d(Tz", Tz")} + c{d(z", Tz") + d(Tz",z")}
< ad(Tz*,z") + b{0+ 0} + 2cd(Tz", ™)

d(Tz",z") < (a+2c)d(Tz", x")

which is a contradiction since a + 2b + 2¢ < 1.
Tz" = x”.
Hence Tx* = Qx* = z*. Thus Sz* = Pz* = Ta* = Qx* = z*. That is, z* is a common fixed point of P,Q,S and T.
To prove that the uniqueness of *. Suppose that z* and y*, 2™ # y* are common fixed points of P, @, S and T respectively,

by (1) we have,

d(z",y") < d(Sz",Ty")
< ad(Pz*,Qy") + b{d(Pz", Sz*) + d(Qy", Ty")} + c{d(Pz*, Ty") + d(Qy", Sz*)}
<ad(z®,y") +b{d(z",z") +d(y",y")} + c{d(", y") +d(y", 2")}
<ad(z®,y") +b{0+ 0} + c{d(z",y") + d(y", z")}

< (a+2c)d(z*,y")

which is a contradiction. Since a 4+ 2b + 2¢ < 1. Therefore ™ = y*. Hence z* is the unique common fixed point of P, Q, S

and T respectively. O

Corollary 2.2. Let (X,d) be a Complete metric space. Suppose that the mappings P,S and T are three self maps of
(X,d) such that T(X) C P(X) and S(X) C P(X) and satisfying d(Sz,Ty) < ad(Pz, Py) + b{d(Pz, Sy) + d(Pz,Ty)} +
c{d(Pz,Ty) + d(Py, Sz)} for all x,y € X, where a,b,c > 0 and a + 2b+ 2c < 1. Suppose that the pairs {P,S} and {P,T}

are weakly compatible, then P, S and T have a unique common fixed point.
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Proof. The proof of the corollary immediate by taking P = Q in the above Theorem 2.1. O

Definition 2.3 ([9]). A function ® : [0,00) — [0,00) is said to be contractive modulus if ® is continuous function and

O(t) <t fort>0.
Theorem 2.4. Let (X,d) be a Complete metric space. Suppose that the mappings P,Q,S and T are four self maps of (X, d)
such that T(X) C P(X) and S(X) C Q(X) satisfying

d(Sz, Ty) < ®(A\(z,y)), (2

where ® is an upper semi continuous contractive modulus and

Az, y) = max {d(Px, Qy),d(Pz, Sz),d(Qy, Ty), %{d(Par:7 Ty) + d(Qy, SCL’)}} .

The pair {S, P} and {T,Q} are weakly compatible. Then P,Q,S and T have a unique common fized point.

Proof.  Let us take x¢ is an arbitrary point of X and define a sequence {y2,} in X such that

Yon = Sw2n = Qm2n+1

Yont1l = TTony1 = PTongo
By (2) implies that

d(y2n, yon+1) = d(Sw2n, TT2041)
< (13()\(1:%, 1’2n+1))
< M@2n, Tant1)

1
= max {d(szn, Qx2n+1),d(PT2an, Ston), d(Qx2n+1, T T2n+1), E{d(Pw2n7 Txon+1) + d(Qrant1, SCE%)}}
1
= max {d(T:L'anl, ngn), d(T:Eznfh szn), d(S:L'zn, T:Eszrl), §{d(T$2n71, T$2n+1) —+ d(Sl‘Qn, Sl‘gn)}}
= max {d(Tl’gn_l, Sl’zn), d(Tl’zn_l, SIQn), d(Sl‘Qn, Tl‘2n+1), %d(Tl’zn_l, T(L’Qn.i,-l)}
1
= max {d(y2n7 Yon—1), d(Y2n, Y2n+1), gd(y2n—17 y2n+1)}

< max{d(yzn, Y2n—1), d(Y2n, Y2n+1)}

Since ® is an contractive modulus, A(z2n — T2n+1) = d(Y2n, Y2n+1) is not possible. Thus,

d(y2n, Y2n+1) < @(d(Y2n-1,Y2n)) (3)

Since ® is an upper semi continuous, contractive modulus. Equation (3) implies that the sequence {d(y2n41,Yy2n)} is
monotonic decreasing and continuous. There exists a real number, say » > 0 such that nhﬂrr;o d(Y2n+1,Y2n) =T, 88 N — 0O
equation (3) = r < ®(r) which is only possible if 7 = 0 because @ is a contractive modulus. Thus nh_)rr;o d(Y2n+1,Yy2n) = 0.

Claim: {y2,} is a Cauchy sequence. Suppose {y2n} is not a Cauchy sequence. Then there exists an € > 0 and sub sequence

{ni} and {mz} such that m; < n; < Mi41

d(ymi bl yni) Z € and d(yW ] yni—l) S € (4)
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€ < d(Ym;sYn;) < d(YmysYni_y) + A(Yn; 1, Yn;) therefore Zl_lfgo d(Ymi>Yn;) = € Now € < d(Ym;_1,Yni 1) < d(Ymi_y,Ym;) +

d(Ym;,Yn,_,) by taking limit ¢ — co we get, lim d(ym; ,,Yn, ,) =€, from (3) and (4)
71— 00
€ < d(Ymi> Yn;) = A(STim;, Tn;) < PN (Tmy, Tn,;))

where implies

€ < D(A(@m, 7n,) (5)

AM@Tm;, Tn, ) = max

= max

= max {d(Txmi—1 8%,y ), d(TTm;_y, STm, ), d(STn;_y, Txn,), %(d(Tmmi—l yTxp,) +d(Szn,_y, Swmz))}

1
AYmi—ss Ynima )y AWmiys Ymi )y dYnioys Yni)s 5 (A(Ymiys Yni) + d(Ynis s ymi,))}
Taking limit as i« — oo, we get

lim A(Zm,, Tn,;) = max{e, 0,0, %(e7 €}

17— 00

Im A(@m,, Tn;) =€
1—> 00

Therefore from (5) we have, e < ®(¢). This is a contradiction because ¢ > 0 and ® is contractive modulus. Therefore {ya2n}

is Cauchy sequence in X. There exits a point z in X such that lim y2, = 2. Thus,
n—oo

lim Sz2, = lim Qx2,+1 =2z and
n— oo n— o0

lim Tx2n+1 = lim P$2n+2 =z
n— o0 n— oo

(i.e) lim Szo, = lim Qxont1 = lim Txopt1 = lim Propys =2
n—oo n— oo n—oo n— oo
T(X) C P(X), there exists a point w € X such that z = Pu

d(Su, z) < d(Su,Txant1) + d(Txon+1,2)

< (A (u, x2n+1)) + d(Tx2n+1, %), where
1
A(u, T2n41) = max {d(Pu, Qz2n+1), d(Pu, Su), d(Qe2nt1, Tw2nt1), 5 (d(Pu, Twznt1) + d(Q2n+1, SU))}

— max {d(z, Saan), d(z, Su), d(Szan, Trons1), %(d(z, Twanir) + d(Swan, Su))} .
Now taking the limit as n — oo we have,

AU, Tony1) = max{d(z, Su), d(z, Su), d(Su, Tu), %(d(z, Tu) 4+ d(z, Su))}
= max{d(z, Su), d(z, Su), d(Su, z), %(d(z, z) 4+ d(z, Su))}

= d(z, Su)

Thus

d(Su, z) < ®(d(Su, z)) + d(z,2) = ®(d(Su, 2))
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If Su # z then d(Su, z) > 0 and hence as ® is contracive modulus ®(d(Su, z)) < d(Su, z). Which is a contradiction, Su = z
so, Pu = Su = z. So u is a coincidence point if P and S. The pair of maps S and P are weakly compatible SPu = PSu
that is Sz = Pz. S(X) C Q(X), there exists a point v € X such that z = Qu. Then we have
d(z,Tv) = d(Su, Tv)
< P(A(u,v)) < A(u,v)
= max {d(Pu, Qv), d(Pu, Su),d(Qu, Tv), %(d(Pu7 Tv) + d(Qu, Su))}
— max {d(z, 2),d(z, 2), d(z, Tv), %(d(z, Tv) + d(z, z))}
=d(z,Tv)
Thus d(z,Tv) < ®(d(z,Tv)). If Tv € z then d(z,Tv) > 0 and hence as ® is contractive modulus ®(d(z,Tv)) < d(z,Tv).
Therefore d(z, Tv) < d(z,Tv) which is a contradiction. Therefore Tv = Qv = 2. So, v is a coincidence point of  and T.
Since the pair of maps @ and T are weakly compatible, QTv = TQu (i.e) Qz = Tz. Now show that z is a fixed point of S.
We have
d(Sz,z) = d(Sz,Tv)
< (A(z,v) < A(z,0)
= max{d(Pz, Qv), (P2, §2),d(Qv, Tv), 1 (d(P=, Tv) + d(Qv, §2))}
= max{d(Sz, z),d(Sz, Sz),d(z, z), %(d(SZ, z) +d(z,S5z))}
=d(Sz,z2)
Thus d(Sz,z) < ®(d(Sz,z)). If Sz # z then d(Sz,z) > 0 and hence as ® is contractive modulus ®(d(Sz,z)) < d(Sz, z)
which is a contradiction. There exits Sz = z. Hence Sz = Pz = z. Show that z is a fixed point of T. We have
d(z,Tz) = d(Sz,Tz)
< P(N(z,2)) < Az, 2)
= max {d(Pz7 Qz),d(Pz,Sz2),d(Qz,Tz), %(d(Pz, Tz)+ d(Qz, Sz))}
= max {d(z, Tz2),d(z,z2),d(Tz,Tz), %(d(z, Tz) 4+ d(Tz, z))}
=d(z,Tz)
Thus d(z,Tz) < ®(d(z,Tz)). If z # Tz then d(z,Tz) > 0 and hence as ® is contractive modulus ®(d(z,T'z)) < d(z,Tz)
which is a contradiction. Hence z = T'z. Therefore Tz = Qz = z. Therefore Sz = Pz = Tz = Qz = z. That is z is common
fixed point of P,@,S and T.
Uniqueness: Suppose, z and w (z # w) are common fixed point of P, @, S and T, we have
d(z,w) = d(Sz,Tw)
< P(A(z,w)) < Az, w)
= max {d(Pz, Quw),d(Pz,Sz),d(Qw, Tw), %(d(Pz, Tw) 4+ d(Quw, Sz))}
= max {d(z7 w),d(z, z), d(w, w), %(d(z7 w) + d(w, z))}

=d(z,w)
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Thus, d(z,w) < ®(d(z,w)). Since z # w, then d(z,wd) > 0 and hence as ® is contractive modulus ®(d(z,w)) < d(z,w).
Therefore d(z,w) < d(z,w) which is a contradiction, therefore z = w. Thus z is the unique common fixed point of P, @, S

and T O

Corollary 2.5. Let (X,d) be a complete metric space. Suppose that the mappings P, S and T are three self maps of (X, d)
such that T(X) C P(X) and S(X) C P(X) satisfying

d(Sz, Ty) < 2(A(z,y)), (6)
where ® is an upper semi continuous contractive modulus and
Aa,y) = max {d(Pa. Py). (P, 50).d(Py, o), (e Ty) + d(Py, 52} }.

The pair {S, P} and {T, P} are weakly compatible. Then P,S and T have a unique common fized point.

Proof. The proof of the corollary immediate by taking P = Q in the above Theorem 2.4. O
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