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THROUGH GENERALIZED ALTERING DISTANCE
FUNCTION

I.H.Nagaraja Rao', G.Venkata Rao?, and S.Rajesh?

ABSTRACT. The main aim of this paper is to extend the results of Nguyen
Van Luong and Nguyen Xuan Thuan [4] on fixed point theory. Incidently, we
observed some inconsistencies in their proof and example. We extended their
results and exhibited a supporting example.

1. Introduction

M.S.Khan et.al. [3] introduced the concept of ’Altering distance function’ and
used it for solving fixed point problems in metric space. Generalizing this, Choudary
obtained a fixed point theorem for a pair of self maps in a complete metric space.
K.P.R.Rao et.al. [5] extended the main Theorem of [1].

Nguyen Van Luong and Nguyen Xuan Thuan [4] considered two common fixed
theorems for pairs of weakly compatible maps by using a generalized altering dis-
tance function of five variables.

In this paper, we have extended and generalized their results and also pointed
out some of the inconsistencies in the proof of their main theorem.

Now, we here under give the necessary definitions and results for the develop-
ment of our Theorem. For other standard definitions and results, we refer [2] and

[6].

DEFINITION 1.1. ([6]) Self maps f and g on a metric space (X, d) are said to
be weakly compatible if and only if (iff) f and g commutes at their coincident
points in X.
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NOTATION 1.1. For any integer k > 2, let ®; denote the set of all functions
# :[0,00)k — [0, 00) such that
(i) ¢ is continuous (on its domain),
(ii) ¢ is monotonic increasing in all its variables,
(iii) for any ty,ta,--- ,tx € [0,00),
¢(t1,t2,"' ,tk) :O@tl =ty = =1 =0.

DEFINITION 1.2. ([1]) Any function ¢ € ®(introduced above) is said to be a
generalized altering distance function.

THEOREM 1.1 (Theorem (2.1) of [4]). Let A, B, S and T be self mappings of
a metric space (X,d) such that

. d(Az,By),
(1) w(max{d(Ax,Sxid(By{Ty),d(Sx,Ty)})
< ¢1(d(Azx, Sz),d(By,Ty),d(Sz,Ty),d(Az, Ty),d(By, Sx))

—¢2(d(A$, SJ?), d(By7 Ty)a d(SJ?, Ty)? d(AJ,‘, Ty)a d(By7 SJ))),
for all x,y € X, where ¢1,¢2 € ®5, ¥ : [0,00)2 — R is continuous
and ’(Z)(U,U) = ¢1 (u,u,u,u, 2“)) Vu € [07 00)7
(ii) A(X) CT(X) and B(X) C S(X);
(iii) the pairs {A,S} and {B,T} are weakly compatible;
(iv) Onme of A(X), B(X), S(X) and T(X) is a complete subspace of X.
Then A, B, S and T have a unique common fized point, say u. Moreover, u is the
unique common fixed point of A & S as well as B & T

2. Main Results

THEOREM 2.1. Let A, B, S and T be self mappings of a metric space (X,d)
such that

. d(Az,By),
(1) QZ)(maa:{d(Aa:,S:vid(By?%y)7d(S;E7Ty)})

< by (FARSABY Ty (S5 T) K An T By 52
< o 3[d(Aw,52) +d(By,Ty)+d(Se,Ty)]

g (d(Am,Sx),(i([f(ngy;,c;f;,;y)ﬁ [d(Am,Ty)+d(By,Sz)],)
3[d(Az,Sz y,Ty)+d(Sz,Ty)]
for allz,y € X, where ¢1, ¢o € @5, 1 : [0,00)% — [0, 00) is continuous
and Y(u,u) = ¢1(u, u, u, u,u), Yu € [0,00);

(ii) A(X) CT(X) and B(X) C S(X);

(iii) One of A(X), B(X), S(X) and T(X) is a complete subspace of X ;

(iv) the pairs {A,S} and {B,T} are weakly compatible.
Then A, B, S and T have a unique common fized point, say z. Further, z is the
unique common fixed point of A &S as well as B &T.
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PROOF. Let zy € X. By (ii) construct sequences {z,} and {y,} in X such
that
Azgp = Ta2n41 = Yan(say)
and

Bxopt1 = Stonto = Yant1(say), for n=0,1,2,...

Let an = d(Yn, Ynt1)-
Taking © = 29, and y = xa,41 in (i) we get that

w( d(y2n,Y2n+1), )

maz{d(y2n,Y2n—1),d(Y2n+1,¥2n),d(Y2n—1,Y2n) }

< ¢ (d(y2n W2n—1),dY2n+1,Y2n),d(Y2n—1,Y20), 5 [d(Y2n,Y2n) +d(Y2n41,Y20—1)] 7)
= 1 2[d(Y2n y2n—1)+d(Yant1,Y2n) +d(Y2n—1,Y2n)]

—¢ (d(yZn Wan—1),8(Y2nt1,Y2n),d(Y2n—1,Y2n), 5 [d(Y2n Y2n) +d(Y2n+1,¥2n—-1)] 7)
2 31d(Y2n,y2n—1)+d(Yznt1,92n+)+d(Y2n—1,y2n)]
ie.

st o)

maz{azn—1,a2n,02n 1}

< ¢ (a2n71 120,020 1,5 [A(Y2n+1,Y2n—1)] ,)
= 1 é[a2n—1+a2n+a2n—1]

— o (a271717a2n7a2n717%[d(y2n+l ;y2n—1)]y) (2-1.1)

tlazn—14azn+azn_1]

If as,,—1 < as, then

¢(a2m a2n) < ¢ (azn, A2n y A2n 5 A2n a2n)
—é <a2n—17a2n;a2n71;%[d(y2n+1yy2nfl)]7)
2 tlasn—1+azn+azn_1]

< P1(azn, azn, a2n, G2p, G2p)
—¢2(azn—1,a2n, azn—1,0, %[Qanl + azn + azn_1])
< ¢(a2na a2n)
which is a contradiction, since ag, > 0. Thus as, < agn_1.

Similarly, by taking x = xo, 42 and y = z2,41 in (i.) and proceeding se above,
we get that ag,+1 < ag,. Hence {a,} is a decreasing sequence of non-negative real
numbers and so converges to some a > 0.

Now, from (2.1.1), we have

1
- ) =155 +azn-1]
< 201,020,820 1,75 [a2n )
1/1((12n,02n—1) = ¢1( zlazn—_1+azn+azn_1] )

—¢2(a2n—1, a2n, a2n—1,0, §[a2n—1 + a2n + a2n_1]).

Letting n — oo, we get that
Y(a,a) < ¢1(a,a,a,a,a) — ¢a2(a,a,a,0,a). By the property of 1), we have
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¢2(a,a,a,0,a) =0 < a =0 (by the property of ¢3).
ie,

limy, o0 d(Yns Ynst1) =0 (2.1.2)

Now, we show that {y,} is a Cauchy sequence (in X). In view of (2.1.2), it is
sufficient to show that the subsequence {y2,} of {y,} is Cauchy. Suppose not; there
exists an € > 0 and subsequences {yon k) } and {yom k) } such that n(k) > m(k) > k
and

d(Y2m (k) Yon(k)) = € (2.1.3)

Further, we can assume that

d(Yam(k)> Yon(k)—2) < € (2.1.4)
(by choosing n(k) to be the smallest number exceeding m(k) for which (2.1.3)
holds).
Now,

€ < d(me(k)a an(k))
< d(Wamk)s Yank)—2) + dWank)—2> Yonk)—1) + A(Y2nk)—1, Yon(k))
< e+ d¥Yank)-2:Y2nk)—1) + AY2nk)—1, Yon(k))-
Letting k£ — oo and using (2.1.2), we get that

limy, 00 d(Y2m (k) Yon(k)) = € (2.1.5)

Further, we have

A(Yon (k) Yomk)—1) < AY2n(k)> Y2mk)) T AY2m(k)s Y2m(k)—1)
and
d(Yan(k)> Y2m(k)) < AY2n k), Yoamk)—1) + AY2mk)—1> Y2m(k))-

Letting k — oo in the above inequalities and using (2.1.2) and (2.1.5), we get
that

limg s 00 d(Y2n (k) Yom(k)—1) = € (2.1.6)
Similarly, we get that

limy, s o d(Y2n (k) 41, Y2m(k)—1) = € (2.1.7)
and

limy, s 00 d(Y2n (k)+1> Yom (k) = € (2.1.8).
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Taking & = Xy (k) and y = Xy (k)41 in (i), we get that

,(/}( A(Y2m (k) Y2n (k)+1)> )
maz{d(Yam(k)s Y2m (k) —1)s AY2n(k)+15 Y2n (k) )s AY2m (k) =15 Y2n(k)) }

(d<y2m(k)' Yam(k)—1) {Wan (k) +1> Y2n(k)) AVam (k) —1 'yZn(k))')
3142 (k) Y2n (k) F4W2n (k) £1 Y2m (k) —1)] ’
2A(Y2m (k) > Y2m () —1)FEY2n (k) +1> Y2n (k) ) FAY2m (k) =15 Y2n (k)]

N

1 (

(d(yzm(k) SY2m(k)—1) Wan (k) +1° Y2n(k)) A Wam (k) —1- an(k))*)
—¢o ( 3182 (k) Y20 (k) T W2 (k)41 V2m (k) —1)])»
$[AW2m (k) Y2m (k) — 1) FEY2n (k) +1,Y2n (k) ) FA(Y2m (k) —1:Y2n (k) )]

Letting k — oo and using (2.1.2),(2.1.6)(2.1.7) and (2.1.8), we get that

(e, €) = (e, max{0,0,e}) < &1(0,0,¢,€, %6) — ¢2(0,0,¢,¢€, %6)
< ¢1(676a6567€) - ¢2(O70a67€a %6)

< (e €)

which is a contradiction, since € > 0. Thus {y2,} is a Cauchy sequence and hence
{yn} is a Cauchy sequence (in X).

Case I: Suppose A(X) or T(X) is a complete subspace of X.

Since {y2,,} € A(X)(C T(X)), thereis a z € X such that {y2,} — z asn — oo.
= {yn} — z as n — oco. (further, it follows that {yo2n11} — 2z as n — o0).
Since A(X) C T(X), there is a v € X such that z = Tw.

By taking © = xa, and y = v in (i.) we get that

d(yzn, Bv),
() (m,(lfr{d(y2na Z/2n—1§7 d(Bwv,z), d(y2n—1, Z)})

< ¢ (d(yzmyznq),d(Bv,Z%d(yznq,Z),%[d(yzn,Z)+d(Bv,yzn71)],)
= 1 2[d(Y2n, Y2n—1)+d(Bv,2)+d(y2n—1,2)]

7¢ (d(yzn7y2n—1)74(3%2)@(9%—1 72)7%[d(y2nvz)+d(3vvy2n—1)]v)
2 Ld(y2n, y2n—1)+d(Bv, 2)+d(y2n—1, 2)]

Letting n — oo, we get that
d(z, Bv),
(& (ma;c{O(,zd(Bq'i)), z), 0})
< ¢1(0, d(Bv, z2), 0, %d(Bv, z), %d(Bv, z))
—¢2(0, d(Bv, z), 0, 3d(Buv, z), 3d(Buv, 2))
¥(d(z,Bv),d(Bv,z)) < ¢1(d(Bv,z),d(Bv,z),d(Bv,z),d(Bv, z),d(Bv, z))

—¢2(0,d(Bv, z),0, %d(BU, z), %d(Bv7 2))
= Bv =z. Thus Bv =z =Tw.
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Since {B,T'} is weakly compatible, BTv = T Bv. i.e, Bz = Tz.

By taking © = xg, and y = z in (i.) we get that
’l/)( d(yY2n,Bz), )

maz{d(y2n,Yy2n—1),d(Bz,Bz),d(y2n—1,Bz)}

< 6 (d(y2n7y2n71)7d(BZaBZ)7d(y2nfl7BZ)7%[d(an7Bz)+d(BZ7y2n—1)]7)
= 1 $[d(Y2n,y2n—1)+d(Bz,B2)+d(y2n—1,B2)]

—¢ (d(y2n7y2n71)7d(Bszz)7d(y2n717BZ)7%[d(y2n1Bz)+d(BZ7y2nfl)]v)
2 1[d(y2n y2n—1)+d(Bz,B2)+d(yan1,B7)]
Letting n — oo, we get that

¥(d(z,Bz),d(Bz,2)) < ¢1(0,0,d(Bz,z),d(Bz,z),%d(Bz, z))

1
»3

—¢2(0,0,d(Bz, z),d(Bz, z), %d(Bz, z))

N

¢1(d(Bz,2),d(Bz,z),d(Bz,z),d(Bz,z),d(Bz,z))

—¢2(0,0,d(BZ,Z),d(BZ,Z),%d(BZ,Z))
= d(Bz,2) =0= Bz=12 Thus Bz =Tz = 2.

Since B(X) C S(X), there is a w € X such that z = Sw. By taking z = w
and y = xo,41 in (i.) we get that

d(Aw,y2n+1),
(G (max{d(AwJ) yd(Y2n+1 7y2n,)7d(27y2n)})

< d) (d(Awaz) ad(y2n+1 sY2n ) ad(zay2n)7% [d(Aw7y2n)+d(y2n+1 72)] 7)
S Fld(Aw,2)+d(y2n41.920) +d(2 v20)]

—¢ (d(Aw,z) 2A(Y2n+1,Y2n),d(2,Y2n ), 3 [d(Aw,y2n ) +d(Y2n+1,2)] 7)
2 (AW, 2)+d(yan+1,20)+d(2,y20)]

Letting n — oo, we get that
Bld(Aw, 2), d(Aw,2)) < é1(d(Aw, 2),0,0, 2d(Aw, z), 1d(Aw, 2))

—¢o(d(Aw, 2),0,0, %d(Aw7 z), %d(Aw, z))
91 (d(Aw, 2),d(Aw, z), d(Aw, z), d(Aw, 2), d(Aw, z))

—¢o(d(Aw, 2),0,0, %d(Aw, 2), %d(Aw, 2))

Then d(Aw,z) = 0 = Aw = z. Thus Aw = z = Sw. Since {4, S} is weakly
compatible, ASw = SAw. i.e, Az = S=z.

By taking = z and y = x2,41 in (i.) we get that

1/)( d(Az,y2n+1), )
max{d(Az,Az),d(y2n+1,Yy2n),d(Az,y2n)}
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< ¢ (d(AzyAZ) Ld(Y2n+t1,Y2n),d(Az,y20 ), 2 [d(Az,y20) +d(Y2n+1,A4%2)] 7)
DR L[d(Az,Az)+d(y2n+1,y2n)+d(Az,y20)]

—¢ (d(Az,Az) 2A(Y2nt1,Y2n),d(Az,Y20), 3 [d(AZ,y2n)+d(y2nt1,42)] »)
2 L[d(Az,A2)+d(yant1,y20) +d(Az,y20)]

Letting n — oo, we get that
Y(d(Az,2),d(Az,2)) < ¢1(0,0,d(Az,z2),d(Az, 2), $d(Az, 2))

—¢2(0,0,d(Az, 2),d(Az, 2), 2d(Az, z))

N

d1(d(Az, 2),d(Az, 2),d(Az, 2),d(Az, z),d(Az, 2))

—¢2(0,0,d(Az, 2),d(Az, 2), %d(Az, z))
Then d(Az,z) =0 = Az = z. Thus Az = Sz =2. Hencez = Az =Bz =Sz ="Tx.
Case ITI: Suppose B(X) or S(X) is a complete subspace of X. In this case,

we first show that Az = Sz = z and then Bz = Tz = z. Thus z is a common fixed
point of A, B, S and T in X.

Uniqueness: If 2’ is also a common fixed point of A, B, S and T in X.
By taking z = z and y = 2z in (i.) we get that 2’ = z.
If w is also a common fixed point of A and S, then by taking x = w and y = 2

in (i.) we get that d(w,z) = 0 = w = z. Similar is the case with B and T.

The following results are just extensions of Theorem (2.1) and their proofs run
on similar lines. (]

THEOREM 2.2. Let A, B, S and T be self mappings of a metric space (X,d)
such that

. d(Az,By),
(1) w(max{d(Aac,Sx),dg(cByngy),d(Sac,Ty)})

< 6 (d(Az,SI)7d(By7Ty),d(Sr-,Ty)7%d(Ax,Ty),%d(By,Sx)y)
= Pl L[d(Ax,Sz)+d(By,Ty)+d(Sz,Ty)]

_¢2 (d(Az,S:r),;i(By,Ty),'d(Sa:,Ty),%d(A:L’,Ty),%d(By,S:L’),)
3ld(Az,Sx)+d(By,Ty)+d(Sz,Ty)]
forallz,y € X, where ¢1, pa € $g, b : [0,00)% — [0, 00) is continuous
and P(u, u) = ¢1(u, u, u, u, u,u), Yu € [0, 00);
(ii) A(X) CT(X) and B(X) C S(X);
(i) One of A(X), B(X), S(X) and T(X) is a complete subspace of X ;
(iv) the pairs {A, S} and {B,T} are weakly compatible.
Then A, B, S and T have a unique common fized point, say z. Further, z is the
unique common fixed point of A & S as well as B & T.
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PROOF. Similar to Theorem (2.1). O

THEOREM 2.3. Let A, B, S and T be self mappings of a metric space (X,d)
such that

. d(Az, By),
(1) w(max{d(Aac, Sz), d(By,JTy)7 d(Sz, Ty)})

(d<Az, Sa), d(By, Ty), d(Sz, Ty), $d(Az, Ty), $d(By, Sz),)
%[d(Az, Sx)+d(By, Ty)+d(Sz, Ty)],
+[d(A=, Sz)+d(By, Ty)+d(Sz, Ty)+ 5 (d(Az, Ty)+d(By, Sx))]

< o )

(d(Am, Sz), d(By, Ty), d(Sz, Ty), +d(Az, Ty), 3 d(By, Sm),)
_¢2( 3 ld(Ax, Sz)+d(By, Ty)+d(Sz, Ty)], )

£ d(Az, Sz)+d(By, Ty)+d(Sz, Ty)+3 (d(Az, Ty)+d(By, Sz))]

for allz,y € X, where ¢1, po € ®7, 1 : [0,00)% — [0, 00) is continuous
and w(uvu) = ¢1(u7u7uau7 U,,U), Vu € [07 00)7

(ii) A(X) CT(X) and B(X) C S(X);

iii) One o s s an is a complete subspace of X ;

iii) One of A(X), B(X), S(X dT(X l b f X

iv) the pairs an , are weakly compatible.

(iv) the pairs {A, S} and {B,T} kly compatibl
Then A, B, S and T have a unique common fized point, say z. Further, z is the
unique common fixed point of A & S as well as B & T.

PROOF. Similar to Theorem (2.1). O

We conclude our paper with the following example in support of our Theorem
(2.1).

EXAMPLE 2.1. Let X = Q" U{0}, the set of all non-negative rational numbers
and with the usual metric. Define A, B, S and T be the self maps on X by Az =0,

0 ifx <3,
B(w)_{ 1 ifz> 3.

Sz =z and Tx = 22 for all x € X.

Define ¢17¢2 : [0700)5 — [0700) by ¢)1(t17t27t37t4at5):max{tlat23t3;t4,t5} and
¢2 = 5¢1.

Define 1 : [0,00)% — [0,00) by ¥(t1,t2) = 2“%

Case(i): x € X and y < 3.

LH.S=% max{z,y? |z —¢? |}

R'H'S:max{xayZv | xr — y2 ‘7 %(yZ + I)7 %(‘T + y2+ | xr — y2 D}

=imax{z,y?, [z -y |, 5(v® +2), sz + >+ |z —y* |)}

L.H.S < R.H.S.

Case(ii): x € X and y > 3.

L.H.S=2+4+max{z,y?> — 1,| z — y? |}.

RHS=F max{z,y> = 1,|z —? [ 50>+ |z — 1), 3(x+¢* - 1+ |2 = [)}.
Subcase(i): Let = > y*(> 9)

L.H.S=2+4+max{z,y?> — 1,7 —y*} =2 + 2.

R.H.S> %x
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Since 2 < % < 3, follows that 2 +z < 37“7

Thus L.H.S < R.H.S.

Subcase(ii): 0 < = < y%.

Subcase(ii)(a): 0 <z <y? -1

L.H.S=2+max{z,y? — 1,4> — 2} =2+ ¢y — x.
RH.S> 3 |z =y*|=3(y* — ). .

Since y2 —z > 9 — 1 = 8, follows that =5 2>4>2
24—z < gﬁ% +y*> — 2 =3(y* — x). Thus LH.S < RH.S.
Subcase(ii)(b): 1 <z <y?—1

LH.S=24max{z,y> — 1,9 -z} =2+y> - 1=9y? + 1.
R.H.S> %(yQ —1).

+1 = 3y2-1y241
< 3P-3+1
= 33
= 5 -1

Thus L.H.S < R.H.S.

Subcase(ii)(c): 8 <y? —1 < x < y?
L.H.S=2+4+max{z,y?> — 1,9> — 2} =2 + 2.

R.H.S> ggc

Since 24+ <4+x < %+ 2= 3. Thus LH.S < RH.S.

The other conditions of the Theorem are trivially satisfied. Clearly ‘0 is the
unique common fixed point of A, B, S and T (in X) as wellas A & S and B & T.
(Observe that X is not complete.) W

REMARK 2.1. Comments on the main result (Theorem(2.1)) of [4].

(a) For ¢1,¢ps € @5, the variables they have taken are d(Az, Sz),d(By,Ty),
d(Sz,Ty),d(Az, Ty) & d(By, Sx). Thereby they assume that
Y(u,u) = ¢1(u, u, u, u, 2u), Yu € [0,00).

(b) In the proof, they have taken

Jim. d(Yn,Ynt1) =0

and claimed that b = a(= 0). In fact, in some cases limit may not exist.
For example, y, = n, Vn in the usual metric d(yn, ynt1) = 1, Vn and
d(Yn, Yn+2) = 2, ¥Yn. Thus their claim is not valid. In our proof us-
ing triangle inequality and monotonicity of ¢; and ¢o, we avoided the
introduction of b.
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