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Abstract
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on D*-Generalized Cone Metric Space.
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1 Introduction and Preliminaries

Recently Huang and Zhang [6] generalized the concept of metric spaces re-
placing the set of real numbers by an ordered Banach space defining in this
way a cone metric space.They have defined convergent, Cauchy sequence in
terms of interior points of the underlying Cone. They later proved some fixed
point theorems for different contractive mappings. Their results have been
generalized and extended by several authors see for instance [11], [7], [3].
Dhage in [4] defined D—metric space as a generalization of metric space
and claimed that D—metric defines a Hausdorff topology and D—metric is
sequentially continuous with respect to all three variables . He proved some
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results on fixed points for a self-map satisfying a contraction for complete and
bounded complete metric spaces. In 2003, Zead Mustafa and Brailey Sims [9]
introduced a new structure of generalized metric spaces, which are called G-
metric spaces. Recently Shaban Sedghi et al [12] introduced D*-metric which
is probable modification of the definition of D—metric space and prove some
basic properties in D*-metric space and some results on common fixed point
theorems. In 2010,C.T Aage and J.N. Salunke [1] introducd generalized D*-
metric by replacing R by Banach space in D*-metric Spaces.

In [2], A.Beiranvand, S. Moradi et al, introduced a new class of contrac-
tive mapping T'— contraction and T— Contractive extending the Banach’s
contraction principle and the Edelstein’s fixed point theorem.

In the following we always suppose that E is a Banach space, P is a cone
in F with intP # ¢ and < is a partial ordering with respect to P

In this section we recall some definitions of cone D*-metric space and some
of their properties see [1] for more details.

Definition 1 let E be a real Banach space and P a subset of . The set P is
called a cone if and only if

1. P is closed, nonempty and P # {0}
2. VYa,be R, x,y € P implies ax + by € P

3. z € Pand —x € P then z = 0 that is PN (—P) = {0}

Given a cone P C E, we define a partial ordering < with respect to P by
r <y < y—x € P. Wewrite x < y and = # y. We shall write v < y if
and only if y — x € int P where intP denotes the interior of P.

Definition 2 let E be a real Banach space and P a subset of E.The cone P
1s called normal if there is a number k > 0 such that for all

z,y € E,0 <z <yimplies ||z| <k|y||

The least positive constant k satisfying the inequality above is called the
normal constant of P.

The cone P is called regular if every increasing sequence which is bounded
from above is convergent. That is , if {x,},-,is a sequence such that z; < 2y <
- <m, <---<yfory € E, then there is x € E such that lim ||z, — z| = 0
as n — 00.

Let X be a nonempty set. A generalized metric (or D*-metric) on X is a
function: D* : X® — E that satisfies the following conditions for each for all
(r,9,2,a) € X*.
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1. D*(z,y,2) >0
2. D*(z,y,z) =0ifand only if z =y = 2

3. D*(z,y,2) = D*(P{x,y,z}), (symmetry) where P is a permutation
function

4. D*(z,y,z) < D*(x,y,a) + D (a, z, 2)

Example 3 Let F =R* P = {(v,y)€FE:z,y>0}, X = R and D* :
X x X x X — FE defined by

D*(z,y,2) = ([r =yl + |y = z[ + |z = 2|, a(lz —y[+ |y = 2] + [z = z[))
where o € Ry.. Then (X, D*) is a generalized cone D*- metric space.

Proposition 4 [1] If (X, D*) be generalized cone D*- metric space, then for
all x,y,z € X,we have D* (z,x,y) = D* (z, vy, y)

Definition 5 Let (X, D*) be a generalized cone D*- metric space. Let {x,}
be a sequence in X and x € X. If for every ¢ > 0 there is N € N such that
for allm,n > N, D* (2, x,, ) < ¢, then {z,} is said to be convergent, {x,}
converges to x and x is the limite of {x,}. We denote this convergence by
T, = (asn — 00).

Lemma 6 [1] Let (X, D*) be generalized cone D*- metric space, P be a nor-
mal cone with normal constant k. Let {x,} be a sequence in X. Then {x,}
converges to x if and only if D* (xp,, x,,x) — 0 (as n,m — 00).

Lemma 7 [1] Let (X, D*) be a generalized cone D*-metric space, P be a nor-
mal cone with normal constant k. Let {x,} be a sequence in X . If {x,}
converges to x and if {x,} converges toy, then x =y, that is the limit of {x,}
if there exists, is unique.

Definition 8 Let (X, D*) be a generalized cone D*-metric space, P be a nor-
mal cone with normal constant k. {x,} be a sequence in X. If for every
¢>0,c € FE thereis N € N such that for allm,n,l > N, D* (x,,, x,, 7)) < ¢,
then {x,} is called a Cauchy sequence in X.

Definition 9 Let (X, D*) be a generalized cone D*- metric space. If every
Cauchy sequence in X is convergent in X, then X is called a complete gen-
eralized cone D*- metric space.

Lemma 10 [1] Let (X, D*) be a generalized cone D*-metric space, {x,} be a
sequence in X. If {x,} converges to x, then {x,} is a Cauchy sequence .
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Lemma 11 [1] Let (X, D*) be generalized cone D*- metric space, P be a
normal cone with normal constant k. Let {x,} be a sequence in X. Then {x,}
is a Cauchy sequence if and only if D* (T, Tp,x;) — 0 (as n,m,l — 00)

Definition 12 Let (X, D*) be a generalized cone D*- metric space. Then a
function f : X — X' is said to be D*continuous at a point x € X if and only if
it is D*- sequentially continuous at x, that is whenever {x,} is D*-convergent
to x, we have {fx,} is D*-convergent to fu.

Definition 13 [1] Let (X, D*) be a generalized cone D*- metric space, P be
a normal cone with normal constant k. Let {x,} ,{yn},{2zn} be three sequences
in X and x, > x, Yo =y, T, — 2 (asn — o0). Then

D* (xn, Yn, 2n) = D* (z,y,2) (asn — o0)

Definition 14 Let (X, D*) be a generalized cone D*- metric space, P be a
normal cone with normal constant k and T : X — X. Then

1. T is said to be sequentially convergent if we have, for every sequence
(yn)if T'(yy,) is convergent, then (y,) is also convergent.

2. T is said to be subsequentially convergent if we have, for every sequence
(yn),if T'(y,) is convergent, then (y,) has a convergent subsequence.

Definition 15 LetT be a self mapping of a normed space X. Then T is called
a Banach operator of type k if

| T2 — Tz| < k|| Tz — ||
for some k>0 and all x € X.

This concept was introduced by Subrahmanyam [10], then Chen and Li [5]
extended this as following;:

Definition 16 Let f and T be self mappings of a nonempty subset M of a
normed linear space X. Then (f,T) is a Banach operator pair, if one of the
following conditions is satisfied:

L fIF(T)] € F(T)
2. Tfx = fx for each z € F(T)
3. Tfx = fTx for each x € F(T)

4. ||fTx —Tx| < k||Tz — z|| for some k > 0.
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where F/(T') denotes the set of fixed points of 7.

Lemma 17 If (X, D*) be a generalized compact cone metric space, then ev-
ery function T : X — X is subsequentially convergent and every continuous
function T : X — X is sequentially convergent.

In this section, we introduce the notions of T'—contraction and we extend
the Banach Contraction principle and Edelstein point theorem given in [2]

Definition 18 Let (X, D*) be generalized cone D*- metric space and T, S :
X — X two functions. A mapping S is said to be a T—contraction if there is
a € [0,1] constant such that

D* (T'Sxz, TSy, TSz) <aD*(Tx,Ty,T=z)
for all x,y,z € X.

Example 19 Let E = (Cppy), R), P={p€FE:¢>0}C E, X =R and
D*: X x X x X — E defined by

D" (z,y,2) = (v —y[ + |y — 2| + ]|z —2]) ¢

where ¢(t) = e7* € E. Then (X, D*) is a generalized cone D*- metric
space. We consider the functions 7,5 : X — X defined by T'(x) = exp(—x)
and S(z) =2z + 1. Then

1. It is clear that S is not a contraction.

2. S is a T—contraction. Indeed

| TSz — TSy|
D*(TSz, TSy, TSz)= | +|TSy—TSz| |e*
+|TSz — TSx|
1 e —e Y||e ™ +e7Y|
=—| Fler—eler+e7| |
C\ e —elfe e
9 le™® —e7Y|
<= | +lev—e?| |et
e

Hle = o]

2
=-D"(Tx,Ty,T=)
e
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2 Main Results

The following theorems are the main results of this paper

Theorem 20 Let (X, D*) be a generalized complete cone D*- metric space ,
P be a normal cone with constant normal K and letT,S : X — X be two con-
tinuous mappings. Assume that T is injective and subsequentially convergent.
If T and S satisfy

D* (T'Sx,TSy,TSz) < ayD* (Tx, Ty, Tz) + asD* (Tx, TSx,TSx) +
< a3D* (Tx, TSz, Tz) 4+ asD* (Ty, TSy, TSy) +
< asD* (Txz, TSy, TSy) + agD* (Tx, TSz, TSz)+
< a;D* (Ty,TSz,TSz) 4+ agD* (Tx, TSy, TSz)+
< agD* (Tx, Ty, TSz) + aroD* (T Sz, TSx,TSz)
for all x,y,z € X, where a;,i € {1,2,3,---,10} are all nonnegative constants
such that

a, + a2+a3—|—a4+3a5+3a6—|—a7+3a8+a9—|—a10<1

then S has a unique fized point in X. Moreover, if (T,S) is a Banach pair,
then T and S have a unique common fixed point in X.

Proof. : Let xyp € X be arbitrary. Define a sequence {z,} in X such that
Tpa1 = Sxy; for each n =10,1,2,--- ,00. Consider

D* (Txna Txn+17 Txn—l—l) S (1117'< (Txn—ly Txn; Txn)

(a1 + as + a3) D* (Txp—1, Txy, Txy,) (1)
as + a7 + ay) D* (Txy, Ty, Txpyq)

as + ag + ag) D* (Txy_1, Txpi1, TTpiq)

oD (Txp_1,Txp, Tayiq)

+ 4+ + A
S o~
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then by rectangle inequality

D* (Txy 1, Txn, Txpy1) < D* (Txp 1, Txpir, Txy) (2)
+ l)>'< (T.Tn, T$n+1, Txn+1)

and

D* (Txn—la Tl’n+1, Txn) S D* (T"L‘n—lv Txn: Tl‘n)
+ D* (Txy, Txpi1, TTpyq)

therefore from (2) we have

D* (Txp1,Txpi1, Tapr) < 2D (Tay, Txpir, TTpir) + D" (Tay—y, Ty, Txy,)

SO
D* (Txy, Txpi1, Trpyr) < (a1 + az +a3) D* (Txy 1, Txy,, Txy) (3)
+ (ag + a7 + aro) D* (T, Ty, Ty 1)
2D* (Tl'n, Tl'n+1, T.Tn+]_)
+ (CL5 + ag + (18) ( +D* (Txnfl, T.ZCn, TiL'n)
+ag (D" (Txp1,Txy, Txy) + D" (Tay, Txpi1, TThi))
hence
D* (Txy, Txpi1, Trpyr) < (a1 + az + az + ag + a5 + ag + ag)
D* (Txp—y,Txy,, Txy)
+ (CL4 —I— ay —f- aio —f- 2@5 + 20,6 —I— 2&8)
D* (T, Tx,, Tpyq)
since
D* (xz,z,y) = D* (z,y,y) forall z,y,z€ X (4)
then
(1 — (as + a7 + a1o + 2a5 + 2a¢ + 2as)) D* (T'xy,, Txpi1, TTpyq)
<(ay+as+az+ag+as+as+as) D* (Txy 1, Tr,, Txy,)
hence

D*(Tx T T )< ay + az + a3z + ag + as + ag + ag
ny n+1, n+1

< D* (Txy 1, Tx,, Txy)
1 — ((14 —f- ay —|— Q10 —|— 2&5 + 2(16 + 2@8)

This implies

D* (Tzp, Txp1, Top) < qD* (Txp_q,Tx,, Txy,)
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_ __ai1taztaztagtastastas
where ¢ = (LH s e bielas s then ¢ € [0, 1[.

by repeated the above inequality we obtain,
D* (T, Txpi1, Toni1) < q"D* (Txo, Ty, Txq) (5)

Then, for all n, m € N, n < m we have by repeated use the rectangle
inequality and inequality (5) that:

D* (Txy, Txp, Txy) < D* (Txy, Tep, Ta,q)
+ D" (Txpy1, Twpp, Tny2)
+ D* (Txpyo, Txpy2, Txys)
J’_ PN
+ D (Txp1, Txpm, Ty )
<@+ +q")D* (Txo, Txy, Txy)
q
l—q

n

<

D* (T.’lfo, T.Tl, Tﬂll)

hence
n

q
—q
Since Klq—jq |D* (Txg, Txy, Tx1)|| = 0, as n,m — oo then, it follows that

|D* (T, T, T < Kl |D* (T, Txy, Txq)]|

D* (Tzy, Txpy, Tx, ) — 0,88 n,m — oco.For n,m,l € N
and from
D* (Txy, Txp, Tx) < D* (Txy, Ty, Txy) + D (T2, Tay, Tx;)
we have
|D* (Txp, T, Tx)|| < K (||D* (Txn, T, Txm)|| + | D (TTp, Ty, Tay)l|)

Taking the limit as n,m,l — oo, we get D* (T'z,,, Txp,, Tx;) — 0. So {Tx,} is

D*- Cauchy sequence, since X is D*- complete, there exists a € X such that
lim Tz, =a (6)
n—oo

Since T is subsequentially convergent {z, = S" 'z} has a convergent subse-

quence. So there exist b € X and {n;}2, such that lim S™ 'z, = b. Hence,
n—oo

since T' is continuous, we have lim T'S™ 'zq = Tb and by (6) we conclude
n—oo
that Tb = a. Since S is continuous and lim S™x, = Sb therefore
n—o0

lim TS™ xy = T:Sb

n—oo
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Again by (6), lim T'S™xy = a and therefore by the unique limit we have
n—oo

T'Sb = a.Since T is one to one and by (6)Sb = b, so S has a fixed point. Now
we prove the uniqueness of the fixed point. If b is another fixed point of S,then
Sb = b and we have

D*(TSa,TSa,TSb) = D* (Ta,Ta,Th)
< (a1 +asz+ay + ag + asg + ag + ayg) D* (T'Sa, T'Sa, T'SYH)
< D*(TSa,TSa,TSb)

contradiction. Hence D* (T'Sa,T'Sa, T'Sb) = 0 which implies that T'a = T'Sa =
TSb=Tb. As T is injective, a = b is the unique fixed point of S; As (7, 5) is
a Banach pair, T" and S commutes at the fixed point of S which implies that
TSa = STa for a € F(S). that is Ta = STa which implies that T'a is another
fixed point of S. The uniqueness of fixed point of S implies that a = Ta.
Hence a = Sa = T'a is the unique common fixed point of S and 7"in X. m

Corollary 21 Let (X, D*) be a generalized complete cone D*- metric space
, P be a normal cone with constant normal K and let S : X — X be a
continuous mapping. If S satisfies

D* (Sz, Sy, Sz) < a1 D* (x,y,2) + a;D* (x, Sx, Sx)
+ asD* (z, Sz, 2) + a,D* (y, Sy, Sy)
+ a5 D* (x, Sy, Sy) + agD* (z, Sz, 5z)
+ a7 D" (y, Sz, 52) + asD* (x, Sy, Sz)
+agD* (z,y,5%) + a10D* (Sx, Sz, Sz)

for all z,y,z € X,where a;, i € {1,2,3,---,12} are all nonnegative con-
stants such that

ay + as + as + a4 + 3as + 3ag + ayr + 3ag + ag + ajg < 1

then S has a unique fixed point in X.
Proof. The proof of this corollary follows by taking 7" = I, the identity
mapping in Theorem 20. m

Corollary 22 Let (X, D*) be a generalized complete cone D*-metric space, P
be a normal cone with constant normal K and let T, S™ : X — X be two con-
tinuous mappings.Assume that T is injective and subsequentially convergent.
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If T and S™ satisfy

D* (TS™z, TS™y, TS"z) <a,D* (Tx, Ty, Tz)
+ ayD* (Tx, TSz, TS™x)
+a3D* (Tx, TSz, Tz)
+ ayD* (Ty, TS™y, TS™y)
+ asD* (Tx, TS™y, TSy)
+agD* (Tx, TSz, TS™z)
+a;D* (Ty, TSz, TS™z)
+agD* (Tx, TSy, TS"z2)
+agD* (Tx, Ty, TS™z)
+ aygD* (TS, TS"x, TS™2)

for all z,y,z € X, where a;,i € {1,2,3,---,10} are all nonnegative constants
such that

a, + as +asz+ ay + 3as + 3ag + a7 + 3ag + ag + a9 < 1

then S has a unique fized point in X. Moreover, if (T,S) is a Banach pair,
then T and S have a unique common fixed point in X.

Proof. By theorem 20 applied by S = S™, S™ has a unique fixed point wug
that is S™ug = ug. Therefore

S (SmUO) = SUO =9m (SU())

hence Swug is a fixed point for S™, so by the uniqueness fixed point of S™,
we have Suy = ug.Hence S has a fixed point. The remainder of the proof is
obvious. m

Corollary 23 Let (X, D*) be a generalized complete cone D*- metric space ,
P be a normal cone with constant normal K and let T, S : X — X be two con-

tinuous mappings. Assume that T is injective and subsequentially convergent.
If T and S satisfy

D* (T'Sz, TSy, TSz) < a;D* (Tx,Ty,Tz)

for all x,y,z € X,where a; € [0,1[. Then S has a unique fized point in X.
Moreover, if (T,S5) is a Banach pair, then T and S have a unique common
fixed point in X.

Proof. It follows from the proof of theorem 1 by taking.
a; =0 for 1 € {2,3,4,5,6,7,8,9,10}
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Definition 24 Let (X, D*) be a generalized cone metric space, P be a normal
cone with constant normal K and let T,S : X — X be two functions. A
mapping S is said to be a T'—contractive if for x,y,z € X such that

D*(TSx, TSy, TSz) < D* (Tx, Ty, Tz)
VaeyzeX:Te#TyorTe #Tzor Tz #Ty

Obviously, every T'—contraction function is 7'— contractive but the con-
verse is not true.

Example 25 X = [1,00[, D*(z,y,2) = |z —y|+ |z — 2|+ |y — 2|, Sz =z
and Tx = x, then S is T'— contractive but S is not T'— contraction.

Theorem 26 Let (X, D*) be a generalized compact cone D*- metric space, P
be a normal cone with constant normal K and let T, S : X — X be two con-
tinuous mappings.Assume that T is injective and subsequentially convergent.
If T and S satisfy

D* (T'Sxz, TSy, TSz) <ayD* (Tx, Ty, Tz) + ayD* (Tx, TSz, TSx)
+a3D* (Tx,TSx,Tz) + ayD* (Ty, TSy, T'Sy)
+asD* (Tx, TSy, TSy) + agD* (Tx,TSz,TSz)
+a;D* (Ty, TSz, TSz) + asD* (Tx, TSy, TS=z)
+agD* (Tx, Ty, TSz) + a10D* (T'Sz, TSz, TSz)

for all z,y,z € X,where a;,7 € {1,2,3,---,10} are all nonnegative constants
such that

a; + a2+a3+a4+3a5+3a6+a7—|—3a8—|—a9—|—a10<1

then S has a unique fixed point in X. Moreover, if (7, .5) is a Banach pair,
then T" and S have a unique common fixed point in X.
Proof. First, we prove that S is continuous. Let lim x,, = x,we prove that

n—0o0
lim Sx,, = Sz,
n—oo
D*(T'Sx,, TSz, TSx) = D* (Txpy1, Txpi1, T Sx) (7)

+a1D* (Txy,, Tx,, Tx) + aaD* (Txy, Txpi1, Tni1)
+asD* (Txy, Txypi1, Tx) + ayD* (Txy, Txpi1, TThyq)
+ asD* (Txp, Txpir, Txpir) + agD* (Tx,, T'Sx, T Sx)
+ a7 D* (T, TSz, TSx) + agD* (T'xy,, Txp41, TST)
+agD* (Txy, Tx,, TSz) + a10D* (Txpi1, Ty, T ST)
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from (7) and from (4) we have

(1 —ay) D* (TS, TSz, TSx) < a1 D* (Txp, Ty, T) (8)
+ (ag + as + as) D* (T, Txpy1, TTpi1)
+ (ag + a7 + ag) D* (T 1, TSz, TSx)
+a3D* (Tx,, Txpyq, Tx)
+agD* (Txy,, Txyiq, TSx)

Since
D" (Txy, Txpi1, Top) < D" (Txy, Tr,, Tx) + D* (Trpi1, Trpir, Tx) (9)
D* (T, Txp1,TSx) < D* (Txp, Tapi1, Txpi) + D (Txpq, Te, Tx)
< D*(Txy, Try, Tx) +2D" (Txpir, Trpir, Tx) .
D* (Txy, Txp1,TSx) < D* (Txy, Txy,, Tx) + D* (Txpi1, Tapi, Tx)

+
>
S
=
3
T
~
K
3
+
~
nn
&=

by (7), (8) and (9) we obtain

(1 —ag —ar —ag — ag — ayg) D* (T'Sx,, TSz, TSx) <
(a1 + as + az + ag + a5 + ag)
D* (Txy, Tx,, Tx)
+ (ag + 2a3 + a4 + as + ag)
D* (Txpy1, Txpyq, Tx)

hence

(a1 + ag + az + ay + a5 + asg)

(1 —ag— a7 —asg—ag—aj
(ag + 2a3 + a4 + as + ag)

(1_a6_a7_a8_a9_a10)

D* (T'Sx,, TSz, TSz) < D* (Tz,, Tx,, Tx)

+

D* (Txpi1, Txpsq, Tx)

setting

a1+ as + as + a4 + as + ag as + 2a3 4+ a4 + as + ag
o= and § =

1—as—ar—ag—ag—ayp 1—as—ar—ag—ag—ayp

we get

\D* (TS, TSz, TSx)| < K ||aD* (Txp, Txp, Tx) + D" (Txpi1, TTpir, T)||
(10)

Ka||D* (Txy,, Tx,, Tx)|| + KB || D* (Txpi1, Txns, Tx)||
Since T' is continuous, it follows from (10), that

D* (Txp, Tx,, Tx) — 0
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and
D* (Txpi1, Txpyr, Tx) — 0

thus
D*(T'Sx,,TSz,, TSz) =0

this shows that
TSx, — TSz

Let {Sz,, } be arbitrary convergence subsequence of {Sx,}. there exists y € X

such lim Sz,, = y.Since T is continuous
n—oo

lim 'Sz, =Ty

n—oo

By the unique limit T'Sx = Ty, T is injective, therefore Sx = y. Hence,
every convergence subsequence of { Sz, } converges to Sz.Since X is a compact
generalized cone metric space, S is continuous. Now we prove the uniqueness:
we assume that there exist a and b such that a # b and Sa = a , Sb = b.
Then

D* (T'Sa,TSb,TSa) < (a1 + a3 + as + ag + a7 + as + ag + a19) D* (Ta, Th, Ta)
< D*(Ta,Th,Ta)

then necessarly Ta = Tb, Hence, since T' is one to one , we have a = b
contradiction. For the existence, we consider the function ¢ : X — E defined
by p(y) = D*(T'Sy,TSy,Ty), ¢ is continuous and hence by compacteness
attains its minimum say at x. If Sz # x, therefore since T is injective T'Sx #

Tx. Since
ai + as

I —as—az—a4 —as —ag — ap

<1

it is easy to see that

¢ (Sz) = D* (I'S*z, TS*x, TSx) <
ai + as

D* (T'Sz, TSz, Tx)

I —as—az—as—as—ag — ap
< D*(T'Sz, TSz, Tx) = ¢ (x)
which is a contradiction to the definition of x, hence Sx = x. Now, let 2y € X,
and set o, = D* (T'S™xq, TS"xo, Tx) .
Qg1 = D* (TS g, TS ag, Tx) = D* (T'S" wg, TS ag, Tx) (11)
< a1 D* (T'S"wo, TS w0, Tx) + aD* (TS 2o, T'S™ 9, TS+ o)
(TS™ 20, TS" ' wg, Tx) + asD* (TS" o, TS™  wo, TS™ )
+ asD* (TS o, T'S" w9, TS o) + agD* (T'S"wo, Tz, T)
TS"xg, Tz, Tx) 4+ asD* (T'S"xo, TS" 'z, Tx)
TS" w9, TS o, Tx) + aroD* (TS"ao, TS a0, Tx)
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by using rectangular inequality we get

asD* (T'S"xo, TS" g, TS ) < as (v + py1) (12)
azD* (TS o, TS o, Tx) < az (an + pi1)

ayD* (T'S"wo, TS" 2o, TS" ) < ay (v + py1)

azD* (T'S"wo, TS" g, TS" ) < as (o + py1)
asD* (TS"xo, TS o, Tx) < ag (an + pi1)

from 11 and 12 | it follows that

a1+ ao + ag + aq + as + ag + a7 + ag + ag
1—ay—az—a4—as—ag—amp

Apt1 > n

Since a1+<i2+a3+a4+a5+ae+a7+as+a9 < 1 then
a2—a3z—a4—a5—ag—aig

Ant1 S 7%

this implies that {«,} is a nonincreasing sequence of nonegative real numbers
and so has a limit denoted by a. By compactness {T'S™zq} has a convergent
subsequence {T'S™zy} say

lim TS xy = 2 (13)

n—o0

Since T is sequentially convergent for a § € X, we have

lim S™zy = (14)

n—o0

By (13) and (14) we have T = z. So D* (T3, TB,Tx ) = a, Next we show
that Sg = x, if S # x then =

a = lim D* (T'S"xy, TS"xo, Tx)

n—o0

= lim D* (T'S™xo, T'S™ xy, Tx)

— D*(TSB,TSB,Tx)
= D*(TSB,TSB,TSz) < D* (T3, T8, Tz) =a

contradiction. Hence S = .
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