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Abstract In this paper, we discuss a fixed point theorem for mappings derived by a pair of

mappings satisfying weak (k, k/) contractive type condition on the tensor product spaces. Let

X and Y be Banach spaces and T1 : X⊗γY → X and T2 : X⊗γY → Y be two operators which

satisfy weak (k, k/) contractive type condition. Using T1 and T2, we construct an operator T

on X⊗γY and show that T has a unique fixed point in a closed and bounded subset of X⊗γY .

We derive an iteration scheme converging to this unique fixed point of T . Conversely, using a

weakly contractive mapping T , we construct a pair of mappings (T1, T2) satisfying weak (k, k/)

contractive type condition on X ⊗γ Y and from this pair, we also obtain two self mappings

S1 and S2 on X and Y respectively with unique fixed points.
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1. Introduction

In 1997, Alber and Guerre-Delabriere [1] defined weakly contractive maps. In 2001, Rhoades

[2] proved some fixed point theorems for weakly contractive maps to arbitrary Banach spaces.

Let X be a Banach space and K be a closed convex subset of X. A map T : K → K is

called weakly contractive if, for each x, y ∈ K,

∥Tx− Ty∥ 6 ∥x− y∥ − ψ (∥x− y∥)

where ψ : [0,∞) → [0,∞) is continuous and non decreasing such that ψ is positive on [0,∞),

ψ(0) = 0, and limt→∞ ψ(t) = ∞. If K is bounded, then the infinity conditions can be omitted.

If ψ(x) = kx, where 0 < k < 1, then the above map reduces to a contraction map. The following

are some well known iteration schemes for the mapping T .

Mann iteration scheme For a Banach space X, the Mann iterative scheme [2] is defined by

x0 ∈ X, xn+1 = (1− αn)xn + αnTxn; n > 0

where 0 6 αn 6 1, for each n,
∑
αn = ∞.

Ishikawa iteration scheme The Ishikawa iteration scheme [2] is defined by

x0 ∈ X, xn+1 = (1− αn)xn + αnTyn

Received February 1, 2015; Accepted May 27, 2015

* Corresponding author

E-mail address: dipankardasguw@yahoo.com (Dipankar DAS)



Fixed points of mappings satisfying a weakly contractive type condition 71

yn = (1− βn)xn + βnTxn, n > 0

where 0 6 αn, βn 6 1, for all n.

Kirk iteration scheme For a fixed positive integer k, the map S on the Banach space X is

defined by

S =

k∑
i=0

αiT
i, where each αi > 0,

k∑
i=0

αi = 1, and α1 ̸= 0.

Let x0 ∈ X. Then the Kirk iteration scheme [2] is defined by xn+1 = Snx0. Now, we consider

the projective tensor product DX⊗γY of two Banach spaces X and Y (refers to [3]). Let DX ,

DY and DX⊗γY denote a closed and bounded subset of X, Y and X ⊗γ Y , respectively. Let

T1 : DX⊗γY → DX and T2 : DX⊗γY → DY be two mappings. The pair (T1, T2) is said to satisfy

weak (k, k/) contractive type condition, if

∥T1(u)− T1(v)∥ 6 1

M2
(k∥u− v∥ − ψ1(k∥u− v∥))

∥T2(u)− T2(v)∥ 6 1

M1
(k/∥u− v∥ − ψ2(k

/∥u− v∥)), ∀ u, v ∈ DX⊗γY

where

(i) ψ1 : [0,∞) → [0,∞) and ψ2 : [0,∞) → [0,∞) are continuous and non-decreasing such

that ψ1 and ψ2 are positive on [0,∞), ψ1(0) = 0 = ψ2(0);

(ii) ∥T1u∥ 6M1 and ∥T2u∥ 6M2; ∀u ∈ DX⊗γY . Here, DX⊗γY is bounded by M1M2.

In the next section, we establish a fixed point theorem for a mapping T (derived by T1 and

T2) on the tensor product space X ⊗γ Y . Then we derive an iteration scheme for this mapping

T and show the convergence of this scheme to the fixed point of T .

2. Main results

Theorem 2.1 Let (T1, T2) be a pair of mappings satisfying the weak (k, k/) contractive type

condition. We define a map

T : DX⊗γY → DX⊗γY s.t. T (u) = T1(u)⊗ T2(u), u ∈ DX⊗γY .

Then T has a unique fixed point in DX⊗γY if k + k/ 6 1, where k and k/ are positive.

Proof Let u, v ∈ DX⊗γY and k + k/ 6 1

∥Tu− Tv∥ =∥T1u⊗ T2u− T1v ⊗ T2v∥

6∥T1u− T1v∥ · ∥T2u∥+ ∥T1v∥ · ∥T2u− T2v∥

6 1

M2
[k∥u− v∥ − ψ1(k∥u− v∥)]M2+

1

M1
[k/∥u− v∥ − ψ2(k

/∥u− v∥)]M1

=(k + k/)∥u− v∥ − ψ1(k∥u− v∥)− ψ2(k
/∥u− v∥)

6∥u− v∥ − {ψ1(k∥u− v∥) + ψ2(k
/∥u− v∥)}.
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Let u0 = x0 ⊗ y0 ∈ DX⊗γY . We take un+1 = Tun = T1un ⊗ T2un, n > 1. Now

∥un+1 − un∥ =∥Tun − Tun−1∥

6∥un − un−1∥ − {ψ1(k∥un − un−1∥) + ψ2(k
/∥un − un−1∥)}

6∥un − un−1∥.

Hence {∥un − un−1∥} is a monotonically decreasing sequence of non-negative real numbers and

so, is convergent to some real, say p. Now ∥un+1 − un∥ 6 ∥un − un−1∥ − {ψ1(k∥un − un−1∥) +
ψ2(k

/∥un − un−1∥)}. Taking n→ ∞, we get

p 6 p− {ψ1(kp) + ψ2(k
/p)} (by continuity of ψ1 and ψ2)

⇒ ψ1(kp) + ψ2(k
/p) 6 0,

this is possible only when p = 0. So

lim
n→∞

∥un+1 − un∥ = 0. (1)

Now, it can be easily shown that {un} is a Cauchy sequence in DX⊗γY . Let it converge to some

u ∈ DX⊗γY . Now

∥u− Tu∥ 6∥u− un+1∥+ ∥un+1 − Tu∥ = ∥u− un+1∥+ ∥Tun − Tu∥

6∥u− un+1∥+ ∥un − u∥ − [ψ1(k∥un − u∥) + ψ2(k
/∥un − u∥)].

Taking n → ∞, we get ∥u− Tu∥ 6 0 + 0− [ψ1(0) + ψ2(0)] = 0. Hence Tu = u. So, u is a fixed

point of T in DX⊗γY . To show the uniqueness:

Let u1 and u2 be two distinct fixed points for T in DX⊗γY . Now

∥u1 − u2∥ =∥Tu1 − Tu2∥ 6 ∥u1 − u2∥ − [ψ1(k∥u1 − u2∥) + ψ2(k
/∥u1 − u2∥)]

⇒ψ1(k∥u1 − u2∥) + ψ2(k
/∥u1 − u2∥) 6 0,

which is contradiction. So, u1 = u2. Thus, T has a unique fixed point in the closed and bounded

subset DX⊗γY of X ⊗γ Y . �

Example 2.2 Let Dl1⊗γK be the closed subset of l1 ⊗γ K bounded by a constant c. We define

T1 : Dl1⊗γK → Dl1 by

T1(
∑
i

ai ⊗ xi) =
1

2c

∑
i

{ainxi}n, where ai = {ain}n

and T2 : Dl1⊗γK → DK by T2(
∑

i ai ⊗ xi) =
1
4

∑
i ∥ai∥ · |xi|. Then

∥T1(
∑
i

ai ⊗ xi)∥ =
1

2c
∥
∑
i

ai ⊗ xi∥ 6 1

2c
· c = 1

2
(=M1),

∥T2(
∑
i

ai ⊗ xi)∥ =
1

4

∑
i

∥ai∥ · |xi|

6 c

4
(=M2) (for projective tensor norm in Dl1⊗γK).
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For u =
∑

i ai ⊗ xi and v =
∑

i bi ⊗ yi in Dl1⊗γK, we have

∥T1u− T1v∥ = ∥ 1

2c

∑
i

{ainxi} −
1

2c

∑
i

{binyi}∥ =
1
4∥

∑
i{ainxi} −

∑
i{binyi}∥

c
2

6 2
[ 1

2∥
∑

i{ainxi} −
∑

i{binyi}∥ −
1
2 [

1
2∥

∑
i{ainxi} −

∑
i{binyi}∥]

c
2

]
6 1

M2

[1
2
∥
∑
i

{ainxi} −
∑
i

{binyi}∥ − ψ1(
1

2
∥
∑
i

{ainxi} −
∑
i

{binyi}∥)
]

=
1

M2

[1
2
∥u− v∥ − ψ1(

1

2
∥u− v∥)

]
; where ψ1(t) =

t

2
, k =

1

2
.

Also

∥T2u− T2v∥ = ∥1
4

∑
i

∥ai∥.|xi| −
1

4

∑
i

∥bi∥ · |yi|∥ = ∥1
4
(∥u∥ − ∥v∥)∥ 6 1

4
(∥u− v∥)

6
1
2∥u− v∥ − 1

2 [
1
2∥u− v∥]

1
2

6
1
2∥u− v∥ − ψ2(

1
2∥u− v∥)

M1
; where ψ2(t) =

t

2
, k/ =

1

2
.

Therefore, (T1, T2) satisfies the weak (k, k/) contractive type condition and

k + k/ =
1

2
+

1

2
= 1.

So, the mapping T : Dl1⊗γK → Dl1⊗γK defined by

T (
∑
i

ai ⊗ xi) =
1

8c

∑
i

{Mainxi} where M =
∑
i

∥ai∥ · |xi|

has a unique fixed point in Dl1⊗γK.

Combining the Mann and Ishihawa iteration schemes, now we have

Theorem 2.3 Let (T1, T2) satisfy the weak (k, k/) contractive type condition. Then the following

iteration scheme for the mapping T : DX⊗γY → DX⊗γY defined by

u0 ∈ DX⊗γY , un+1 = (1− βn)un + βnTvn

vn = (1− βn + γn)un + (βn − γn)Twn

wn = (1− βn + γn + αn)un + (βn − γn − αn)Tun, n > 0

with (i) 0 6 αn < γn 6 βn 6 1, (ii) limn→∞ αn = 0, (iii)
∑
γn = ∞, (iv)

∑
βnαn = ∞ converges

to u in DX⊗γY .

Proof Using Theorem 2.1, we have

∥Tu− Tv∥ 6 ∥u− v∥ − (ψ1(k∥u− v∥) + ψ2(k
/∥u− v∥)), ∀ u, v ∈ DX⊗γY .

Now

∥un+1 − u∥ = ∥(1− βn)un + βnTvn − u∥ = ∥(1− βn)un + βnTvn − Tu∥

6 (1− βn)∥un − u∥+ βn∥Tvn − Tu∥ 6 (1− βn)∥un − u∥+ βn∥vn − u∥, (2)

∥vn − u∥ = ∥(1− βn + γn)un + (βn − γn)Twn − u∥
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6 (1− βn + γn)∥un − u∥+ (βn − γn)∥wn − u∥, (3)

∥wn − u∥ = ∥(1− βn + γn + αn)un + (βn − γn − αn)Tun − u∥

6 (1− βn + γn + αn)∥un − u∥+ (βn − γn − αn)∥un − u∥

6 ∥un − u∥. (4)

From (2), (3) and (4), it is clear that ∥un+1 − u∥ 6 ∥un − u∥. So, {∥un − u∥} is a monotonically

decreasing sequence of non-negative real numbers and so, is convergent to some real, say p. Now,

it can be shown that p = 0 (as in previous Theorem). Hence un → u as n → ∞, and thus, we

can show that the iteration converges to u in DX⊗γY . �

Remark 2.4 (i) If βn = γn = 1, then the above iteration scheme becomes un+1 = Tun, which

converges to the unique fixed point of T , as shown in Theorem 2.1.

(ii) If βn = γn < 1, then the above iteration scheme becomes

un+1 = (1− γn)un + γnTun, with
∑

γn = ∞

which becomes the Mann iteration scheme.

(iii) If βn − γn = αn, then the above iteration scheme becomes

un+1 = (1− βn)un + βnTvn

vn = (1− αn)un + αnTun,
∑

βnαn = ∞, lim
n→∞

αn = 0

which is the Ishikawa iteration.

Deduction 2.5 Let (T1, T2) satisfy the weak (k, k/) contractive type condition with k+k/ 6 1.

Then the Mann iterative scheme:

u0 ∈ DX⊗Y , un+1 = (1− αn)un + αnTun; n > 0

where 0 6 αn 6 1,
∑
αn = ∞, converges to the unique fixed point u of T in DX⊗Y (Here,

DX⊗Y denotes the closed and convex subset of X ⊗ Y which is bounded by M1M2).

Deduction 2.6 If (T1, T2) satisfies the weak (k, k/) contractive type condition with k+ k/ 6 1,

then the Ishikawa iteration scheme:

u0 ∈ DX⊗γY , un+1 = (1− αn)un + αnTvn

vn = (1− βn)un + βnTun, n > 0

where 0 6 αn, βn 6 1 and
∑
αnβn = ∞, converges to the unique fixed point u of T in DX⊗γY .

Deduction 2.7 If (T1, T2) satisfies the weak (k, k/) contractive type condition with k+ k/ 6 1,

then the Kirk iteration scheme:

u0 ∈ DX⊗γY , un+1 = Snu0, where S =

k∑
i=0

αiT
i

where each αi > 0,
∑k

i=0 αi = 1, and α1 ̸= 0 converges to the unique fixed point u of T in

DX⊗γY .
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Next, we define the following iteration scheme for the operator T on X ⊗γ Y :

Let x0⊗y0 ∈ DX⊗γY . Then x0⊗y0 is a limit point of the sequence, say, {
∑

p xpj0
⊗ypj0

}j0 .
Now,

∥T1(
∑
p

xpj0
⊗ ypj0)− T1(

∑
p

xpk0
⊗ ypk0

)∥

6 1

M2
[k∥

∑
p

xpj0
⊗ ypj0

−
∑
p

xpk0 ⊗ ypk0
∥−

ψ1(k∥
∑
p

xpj0
⊗ ypj0

−
∑
p

xpk0
⊗ ypk0

∥)]

6 k

M2
∥
∑
p

xpj0
⊗ ypj0

−
∑
p

xpk0
⊗ ypk0

∥. (5)

So, {T1(
∑

p xpj0
⊗ ypj0

)}j0 is a Cauchy sequence in DX and so it converges to some x̂0 ∈ X.

Similarly, {T2(
∑

p xpj0
⊗ypj0

)}j0 is a Cauchy sequence in DY and so it converges to some ŷ0 ∈ Y .

Now,

x̂0 ⊗ ŷ0 = lim
j0→∞

T1(
∑
p

xpj0
⊗ ypj0

)⊗ lim
j0→∞

T2(
∑
p

xpj0
⊗ ypj0

)

= lim
j0→∞

T (
∑
p

xpj0
⊗ ypj0

) = T (x0 ⊗ y0) (by continuity of T ). (6)

For α1 + α2 < 1, α1, α2 > 0, we take

x1 ⊗ y1 =(1− (α1 + α2))x0 ⊗ y0 + α1T1(
∑
p

xpj0
⊗ ypj0

)⊗ ŷ0+

α2x̂0 ⊗ T2(
∑
p

xpj0
⊗ ypj0

),

x2 ⊗ y2 =(1− (α1 + α2))x1 ⊗ y1 + α1T1(
∑
p

xpj0
⊗ ypj0

)⊗ ŷ1+

α2x̂1 ⊗ T2(
∑
p

xpj0
⊗ ypj0

)

(where {T1(
∑

p xpj1
⊗ ypj1

)}j1 converges to x̂1 ∈ X and {T2(
∑

p xpj1
⊗ ypj1

)}j1 converges to

ŷ1 ∈ Y ). Proceeding in this way,

xn+1 ⊗ yn+1 = (1− (α1 +α2))xn ⊗ yn +α1T1(
∑
p

xpjn
⊗ ypjn

)⊗ ŷn +α2x̂n ⊗T2(
∑
p

xpjn
⊗ ypjn

).

Theorem 2.8 The above iteration scheme converges to the unique fixed point u (derived in

Theorem 2.1) of T in DX⊗γY with k + k/ 6 1.

Proof We have,

∥xn+1 ⊗ yn+1 − u∥

= ∥(1− (α1 + α2))xn ⊗ yn + α1T1(
∑
p

xpjn
⊗ ypjn

)⊗ ŷn+

α2x̂n ⊗ T2(
∑
p

xpjn
⊗ ypjn

)− u∥
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6 |(1− (α1 + α2))|∥xn ⊗ yn − u∥+ α1∥T1(
∑
p

xpjn
⊗ ypjn

)⊗ ŷn − u∥+

α2∥x̂n ⊗ T2(
∑
p

xpjn
⊗ ypjn

)− u∥

6 (1− (α1 + α2))∥xn ⊗ yn − u∥+ α1{∥T1(
∑
p

xpjn
⊗ ypjn

)⊗ ŷn−

T1(
∑
p

xpjn
⊗ ypjn

)⊗ T2(
∑
p

xpjn
⊗ ypjn

)∥+

∥T1(
∑
p

xpjn
⊗ ypjn

)⊗ T2(
∑
p

xpjn
⊗ ypjn

)− u∥}+

α2{∥x̂n ⊗ T2(
∑
p

xpjn
⊗ ypjn

)− T1(
∑
p

xpjn
⊗ ypjn

)⊗ T2(
∑
p

xpjn
⊗ ypjn

)∥+

∥T1(
∑
p

xpjn
⊗ ypjn

)⊗ T2(
∑
p

xpjn
⊗ ypjn

)− u∥}.

Taking limit as jn → ∞ and using (6) for xn ⊗ yn, we get,

∥xn+1 ⊗ yn+1 − u∥ 6(1− (α1 + α2))∥xn ⊗ yn − u∥+

α1∥T (xn ⊗ yn)− u∥+ α2∥T (xn ⊗ yn)− u∥

=(1− (α1 + α2))∥xn ⊗ yn − u∥+

(α1 + α2)∥T (xn ⊗ yn)− Tu∥

6(1− (α1 + α2))∥xn ⊗ yn − u∥+ (α1 + α2)[∥xn ⊗ yn − u∥−

{ψ1(k∥xn ⊗ yn − u∥) + ψ2(k
/∥xn ⊗ yn − u∥)}]

6(1− (α1 + α2))∥xn ⊗ yn − u∥+ (α1 + α2)[∥xn ⊗ yn − u∥

=∥xn ⊗ yn − u∥.

Now, proceeding as in Theorem 2.3, we can show that the iteration scheme converges to u in

DX⊗γY . �

Theorem 2.9 Let C1 = {T1i |T1i : DX⊗γY → DX⊗γe2 , i = 1, 2, . . . , N} and C2 = {T2i |T2i :

DX⊗γY → De1⊗γY , i = 1, 2, . . . , N} be two families of mappings where (T1i , T2i), i = 1, 2, . . . , N

satisfies weak (k, k/) contractive type condition with k + k/ 6 1. Let Ti(u) = T1i(u)T2i(u),

u ∈ DX⊗γY . If each of {Tn
1iu}n and {Tn

2iu}n has a sub-sequence that converges to p and q,

respectively, then pq is the unique fixed point for the operators Ti, i = 1, 2, . . . , N . Also, {Tn
i u}n

converges to pq (Where, e1 and e2 are the unit elements of X and Y , respectively).

Proof Let limj→∞ T
nj

1i
u = p (∈ DX⊗γe2) and limj→∞ T

mj

2i
u = q (∈ De1⊗γY ). We take rj =

max(nj ,mj). Then limj→∞ T
rj
i u = limj→∞ T

rj
1i
uT

rj
2i
u = pq (∈ DX⊗γY ).

∥Ti(u)− Ti(v)∥ = ∥T1iuT2iu− T1ivT2iv∥

6 ∥T1iu− T1iv∥ · ∥T2iu∥+ ∥T1iv∥ · ∥T2iu− T2iv∥

6 (k + k/)∥u− v∥ − ψ1(k∥u− v∥)− ψ2(k
/∥u− v∥)

6 ∥u− v∥ − {ψ1(k∥u− v∥) + ψ2(k
/∥u− v∥)} 6 ∥u− v∥.
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Now,

∥Ti(pq)− (pq)∥ 6∥Ti(pq)− T
rj+1

i (u)∥+ ∥T rj+1

i (u)− (pq)∥

6∥pq − T
rj
i (u)∥ − [ψ1(k∥pq − T

rj
i (u)∥)+

ψ2(k
/∥pq − T

rj
i (u)∥)] + ∥T rj+1

i (u)− (pq)∥

→0 as j → ∞.

Thus, Ti(pq) = pq. The uniqueness of pq comes immediately. Also,

∥pq − Tn
i (u)∥ 6 ∥pq − Tn−1

i (u)∥ − [ψ1(k∥pq − Tn−1
i (u)∥) + ψ2(k

/∥pq − Tn−1
i (u)∥)]

Then it can be easily shown that limn→∞ Tn
i u = pq. �

Now, we want to study the converse of Theorem 2.1. In the following theorem, we construct

a pair of mappings satisfying weak (k, k/) contractive type condition, using a weakly contracive

mapping on DX⊗γY .

Theorem 2.10 Let T : DX⊗γY → DX⊗γY be a weakly contractive mapping, where DX⊗γY is

bounded by someM (0 < M 6 1). Let
∑

i ai⊗bi be the unique fixed point of T with
∑

i ∥ai∥ 6M

and
∑

i ∥bi∥ 6M . Then we can construct T1 : DX⊗γY → DX and T2 : DX⊗γY → DY such that

(T1, T2) satisfies weak (k, k/) contractive type condition. Moreover using these T1 and T2, we

obtain two self maps S1 and S2 having unique fixed points in DX and DY , respectively.

Proof Let f ∈ X∗ (the dual space of X) and g ∈ Y ∗ (the dual space of Y ) such that ∥f∥ = 1

and ∥g∥ = 1. We define the linear maps

F1 : DX⊗γY → DX by F1(
∑
i

xi ⊗ yi) =
∑
i

xig(yi),

F2 : DX⊗γY → DY by F2(
∑
i

xi ⊗ yi) =
∑
i

f(xi)yi.

Then ∥F1∥ 6 ∥g∥ = 1 and ∥F2∥ 6 ∥f∥ = 1. Let

T1 : DX⊗γY → DX s.t. T1(
∑
i

xi ⊗ yi) = F1(T (k
∑
i

xi ⊗ yi)), where 0 < k < 1,

T2 : DX⊗γY → DY s.t. T2(
∑
i

xi ⊗ yi) = F2(T (k
/
∑
i

xi ⊗ yi)), where 0 < k/ < 1.

For u ∈ DX⊗γY , ∥T1u∥ = ∥F1(T (ku))∥ 6 ∥F1∥∥T (ku)∥ 6 M . Similarly, ∥T2u∥ 6 M . Now, for

u, v ∈ DX⊗γY ,

∥T1u− T1v∥ = ∥F1(T (ku))− F1(T (kv))∥ 6 ∥F1∥ · ∥T (ku)− T (kv)∥

6 ∥ku− kv∥ − ψ(∥ku− kv∥) (T is weakly contractive)

6 1

M
[k∥u− v∥ − ψ(k∥u− v∥)].

Also, ∥T2u−T2v∥ 6 1
M [k/∥u−v∥−ψ(k/∥u−v∥)]. Thus, (T1, T2) satisfies weak (k, k/) contractive

type condition. Now we define

S1 : DX → DX s.t. S1(x) = T1(
∑
i

x⊗ bi) and S2 : DY → DY s.t. S1(y) = T1(
∑
i

ai ⊗ y)
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∥S1x− S1x
/∥ = ∥T1(

∑
i

x⊗ bi)− T1(
∑
i

x/ ⊗ bi)∥

6 1

M
[k∥

∑
i

x⊗ bi −
∑
i

x/ ⊗ bi∥ − ψ(k∥
∑
i

x⊗ bi −
∑
i

x/ ⊗ bi∥)]

6 k

M
∥
∑
i

x⊗ bi −
∑
i

x/ ⊗ bi∥

6 k

M
∥x− x/∥

∑
i

∥bi∥ 6 k∥x− x/∥

which is contraction, so it has unique fixed point. Similarly

∥S2y − S2y
/∥ 6 k/∥y − y/∥,

hence S2 has also unique fixed point. �

3. Concluding remark

In Theorem 2.1, we obtain the fixed point of T using the condition k + k/ 6 1. Now, the

following question arises: Can we make analogous study if the above condition is omitted?

In [4], Choudhury defined weak C-contraction on a metric space (X, d). A mapping T on a

Banach space X is said to be weak C-contraction if ∀x, y ∈ X,

∥Tx− Ty∥ 6 1

2
[∥x− Ty∥+ ∥y − Tx∥]− ψ(∥x− Ty∥, ∥y − Tx∥)

where ψ : [0,∞)2 −→ [0,∞) is a continuous mapping such that ψ(x, y) = 0 if and only if

x = y = 0. With F1 and F2 as defined in Theorem 2.10, let Ti (i = 1, 2) satisfy the condition

∥Tiu− Tiv∥ 6 1

2
[∥Fiu− Tiv∥+ ∥Fiv − Tiu∥]− ψ(∥Fiu− Tiv∥, ∥Fiv − Tiu∥);u, v ∈ DX⊗Y .

Now, we can rise the following problem: Can we obtain some fixed point theorems for the

mapping T derived by the pair (T1, T2) satisfying the above condition?
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