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Introduction
The study for fixed point problem involve that multivalued 

contractions and non-expansive mappings used the Hausdorff metric 
was initiated by Markin [1,2] later, different iterative processes have 
used to approximate the fixed points of multivalued non-expansive 
mappings in Banach space, many scholars have made extensive 
research in [1-17]. An interesting and rich fixed point theory for such 
mappings was developed which has applications in control theory, 
convex optimization, differential inclusion, and economics [3]. But the 
hyperbolic space has no set up the theory of multivalued non-expansive 
mappings fixed point. In order to define the concept of multivalued 
non-expansive mapping in the general setup of Banach spaces, we first 
collect some basic concepts.

Let E be a real Banach space. A subset K is called proximinal if for 
each x ∈ E, there exists an element k ∈ K such that

( ) { } ( ),        :       ,   = − ∈ =d x k inf x y y K d x K

It is known that weakly compact convex subsets of a Banach space 
and closed convex subset of a uniformly convex Banach space are 
proximinal sub- set of K by P(K). Consistent with [1], let CB(K) be 
the class of all nonempty bounded and closed subset of K. Let H be a 
Hausdorff metric induced by the metric d of E, that is  

( ) ( ), sup , ,s{ ( )}up , ,
∈ ∈

=
x A y B

H A B max d x B d y A

for every A,B∈CB(E) . A multivalued mapping T: K → P (K) is said to 
be a contraction if there exists a constant k ∈ [0, 1) such that for any 
x, y ∈ K ,

 ( ) ||, ||≤ −H Tx Ty k x y
Definition 1.1 [15] A multivalued mapping T: K → P (K ) is said to 

be non-expansive, if

( ) || ||,  ,   1, ,  ≤ − ∀ ≥ ∈H Tx Ty x y n x y K               (1.1)

Lemma 1.2 [12] Let T: K → P (K) be a multivalued  mapping and 
( )   :   ,{ || || ( )}= ∈ − =TP x y T x x y d x Tx . Then the following are equivalent.

(1) ( )∈x F T ;

(2)  ( ) { }=TP x x ;

(3) ( ) ∈ Tx F P .

Moreover, F (T)=F (PT).

Throughout this paper, we work in the setting of hyperbolic spaces 
introduced by Kohlenbach [18], defined below, which is restrictive 
than the hyperbolic type introduced in [19] and more general than the 
concept of hyperbolic space in [20].

A hyperbolic space is a metric space (X, d) together with a mapping

 2: 0,1[ ]× →W X X  satisfying

(i) ( )( ) ( ), , , , ) ),(1(α α α≤ + −d u W x y d u x d u y ;

(ii) ( ) ( )( ) | | (, , , , ,  , )α β α β= −d W x y W x y d x y ;

(iii) ( ) ( ( ) , , , , 1 )α α= −W x y W y x ;

(iv) ( ) ( )( ) ( ), , , , , 1( ) ( ), ,α α α α≤ − +d W x z W y w d x y d z w .

for all x, y, z, w ∈ X and α, β ∈ [0, 1]. A nonempty subset K of a
hyperbolic space X is convex if W (x, y, α) ∈ K for all x, y ∈ K and α 
∈ [0, 1]. The class of hyperbolic spaces contains normed spaces and 
convex subsets thereof, the Hilbert ball equipped with the hyperbolic 
metric [21], Hadamard manifolds as well as CAT(0) spaces in the sense 
of Gromov [22].

A hyperbolic space is uniformly convex [23] if for any r>0 and  ε ∈ (0, 2] 
there exists a δ ∈ (0, 1] such that for all u, x, y ∈ X , we have

1( ( , , ), ) (
2

)1 δ≤ −d W x y u r

provided ruydruxd ≤≤ ),(,),( and ryxd ε≥),(

A map ]1,0(]2,0(),0(: →×∞η which provides such a ),( εηδ r=
for  For given 0>r and ]2,0(∈ε ,is known as a modulus of uniform 
convexity of X. We call η monotone if it decreases with r (for a fixed ε), i.e., 

)).,(),((,0,0 1212 εηεηε rrrr ≤>≥∀>∀
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In the sequel, let (X, d) be a metric space and let K be a nonempty 
subset of X. We shall denote the fixed point set of a mapping T by 

:( ) { }= ∈ =F T x K Tx x .

A mapping T: K → K is said to be non-expansive, if 
( ), ,  ,( , ) ≤ ∀ ∈d Tx Ty d x y x y K .

A mapping T: K → K is said to be uniformly L-Lipschitzian, if there 
exists a constant L>0 such that ( )( ) ,  , ,  , .≤ ∀ ∈n nd T x T y Ld x y x y K  

The purpose of this paper is that iteration scheme of multivalued 
non-expansive mappings in Banach spaces is extended to hyperbolic 
spaces and to prove some ∆−convergence theorems of the mixed type 
iteration process for approximating a common fixed point of two 
multivalued non-expansive mappings and other two non-expansive 
mappings in hyperbolic spaces. The results presented in the paper extend 
and improve some recent results given in [6-9,11-13,15,16,19,21,24-26]. 
In order to define the concept of ∆−convergence in the general setup of 
hyperbolic spaces, we also collect some basic concepts and Lemmas. 

Lemma 1.3: [26] Let (X, d, W) be a complete uniformly convex 
hyperbolic space with monotone modulus of uniform convexity. Then 
every bounded sequence {xn} in X has a unique asymptotic center with 
respect to any nonempty closed convex subset K of X.

Recall that a sequence {xn} in X is said to ∆−converge to x ∈ X if x is 
the unique asymptotic center of {un} for every subsequence {un} of {xn}. 
In this case, we write  →∞∆ − =n nlim x x  and call x the ∆-limit of {xn}.

A mapping T: K → K is semi-compact if every bounded sequence 

{xn}⊂ K satisfying ( , ) 0,n nd x Tx →  has a convergent subsequence.

Lemma 1.4: [27] Let {an}, {bn} and {δn} be sequences of nonnegative 
real numbers satisfying

1,)1(1 ≥∀++≤+ nbaa nnnn δ                             (1.3)

If 1
δ∞

=
< ∞∑ nn  and 1

∞

=
< ∞∑ nn

b , then the limit lim →∞n na  

exists. If there exists a subsequence { } { }
in na a⊂  such that 0

in
a →  

then lim 0.n na→∞ =

Lemma 1.5: [28] Let (X, d, W) be a uniformly convex hyperbolic 
space with monotone modulus of uniform convexity η. Let x ∈ X and 
{αn} be a sequence in [a, b] for some a, b ∈ (0, 1). If {xn} and {yn} are 
sequences in X such that

lim  ),(
→∞

≤nn
sup d x x c  , lim  ),(

→∞
≤nn

sup d y x c    

 lim  ,  ,  ,( ( ) )α
→∞

=n n nn
d W x y x c

 for some c ≥ 0. Then limn→∞ d(xn , yn)=0.

Lemma 1.6: [28] Let K be a nonempty closed convex subset of 
uniformly convex hyperbolic space and {xn} a bounded sequence in K 
such that A({xn})={y} and r({xn})=ζ. If {ym} is another sequence in K 
such that limm→∞ r(ym, {xn})=ζ, then limm→∞ ym=y.

Main Results
Theorem 2.1:  Let K be a nonempty closed convex subset of 

a complete uniformly convex hyperbolic space X with monotone 
modulus of uniform convexity η. Let Ti: K → P (K), i=1, 2 be a 
multivalued mapping and be a uniformly iL -Lipschitzain and 

iTT  be 
a non-expansive mapping, let

Si: K → K, i=1, 2 be a uniformly Li-Lipschitzian and be a non-

expansive mapping. Assume that 2

1
: ( ) ( ) ,

iT in
F F T F S and

=
= ∩ ≠ Φ


 for 
arbitrarily chosen 1   ,{ }∈ nx K x  is defined as follows

1
),,,(

),,,(

2

1

2

11
≥∀







=

=+ n
vTxSWy

uTxSWx

nnTnn

nnTnn

β

α
                                (2.1)

where nninTnnninnTn ySxTHuvdySuxTv
ii

τ+≤∈∈ ),(),(,, and i=1 2, {τn}, 

{αn} and {βn} satisfy the following conditions:

1)  
1

0, ;τ τ
∞

→∞
=

= <∞∑n n n
n

lim

2) There exist constants ( ),  0,1∈a b  with ) 1
2

(0 1< − ≤b a  such that 

{ [ ]}  ,   ,} ] { [α β⊂ ⊂n na b and a b .

3)   || || ( ) |  , ,  | || ( )  , ;− = − =n n n nx p d x p y p d y p

4) ( ) (,  , ) ≤
i iT i Td x T y d S x T y  for all , ∈x y K  and i=1,2.

Then the sequence {xn} defined by (2.1) ∆−converges to a common 

fixed point of  i

2
T1

: (T ) ( )
=

= ∩
 ii

F F F S .

Proof: The proof of Theorem 2.1 is divided into three steps:
Step: First we prove that ),(lim pxd nn ∞→ exists for each Fp ∈ .

For any given p∈F, since 2,1, =iT
iT , is a multivalued non-

expansivemapping, Si, i=1,2 is a non-expansive mapping, by condition 
(2) and (2.1), we have 

       

1

2

1 1

1 1

1

1 1

1 1

( , ) ( ( , , ), )
(1 ) ( , ) ( , )
(1 ) ( , ) ( , )
(1 ) ( , ) ( , )
(1 ) ( , ) ( , )
(1 ) ( , ) || ||
(1 ) ( , ) (

n n T n n

n n n T n

n n n T n T

n n n n

n n n n n n

n n n n n n

n n n

d x p d W S x T u p
d S x p d T u p
d S x S p d T u T p
d x p d u p
d x p H S y S p
d x p y p
d x p d

α
α α
α α
α α
α α α τ
α α α τ
α α

+ =

≤ − +

= − +

≤ − +
≤ − + +
≤ − + − +
= − + , )n n ny p α τ+

                         (2.2)

Where 

2

2

2 2

2 2

2

2 n

n

n n n n

n

2 2

n

d(y ,p) d(W( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

( )

, , ),

1 , , p

1 , ,

1 , ( , p)

1 , ( )

1 ,

( ) H x ,

( ) ( ) |  ,
1

| ||
( ) ( ), (

β

β β

β β

β β

β β

β

β τ

β β τ
β β

≤ − +

= − +

≤ − +

≤ −

≤ − −
− +

+

=

=

+

n T n n

n n n T

n n n T n T

n n n

n n T T

n n n n n

n n n

S x T v p

d S x p d T v

d S x S p d T u T p

d x p d v

d x p T T

d x p x p
d x p d x

n n n

, ,
d(x , )

)
p

β τ
β τ

+
= +

n n np

            (2.3)

Substituting (2.3) into (2.2) and simplifying it, we have 

1  ,  ,( ) ( ) ( )1    ,β α τ+ ≤ + +n n n n nd x p d x p                           (2.4)

where .)1(,0 nnnnn b ταβδ +== Since ∞<∑∞

=1n nτ and condition it 

follows from Lemma 1.4 that ),(lim pxd nn ∞→ exist for ∈p F.

Step 2:  We show that
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lim  ,   0, lim  ,   0,  1, 2( ) ( )
→∞ →∞

= = =
in T n n i nn n

d x T x d x S x i                      (2.5)

For each p ∈ F, from the proof of Step 1, we know that ( ) ,  →∞n nlim d x p  
exists. 

We may assume that ( ) c, 0→∞ = ≥n nlim d x p . If c=0, then the 
conclusion is trivial. Next, we deal with the case c>0. From (2.3), we 
have ( ) ( ), ,  β τ≤ +n n n nd y p d x p                                                       (2.6)

Taking limsup on both sides in (2.6), we have 

limsup ,( )
→∞

≤n
n

d y p c                        (2.7)

In addition, since ( ) ( )1 1 1
, , , ,( )= ≤T n T n T nd T y p d T y T p d y p  and   

),,(),.(),( 111 pxdpSxSdpxSd nnn ≤= then we have

1T nlim supd(T y ,p) c
→∞

≤
n

                      (2.8)

and

1 nlim supd(S ,p) c
→∞

≤
n

x                   (2.9)

Since n+1lim supd( ,p) c
→∞

=
n

x , it is easy prove that

11 n T n nlim d (W(S x ,T y , ), p) = cα
→∞n

               (2.10)

It follows from (2.8)-(2.10)and Lemma 1, 5 that 

11 n T nlim d (S x ,T y ) = 0
→∞n

               (2.11)

By the same method, we can also prove that 

22 n T nlim d (S x ,T ) = 0
→∞n

x               (2.12)

By virtue of the condition (4), it follows from (2.11) and (2.12) that

1 1n T n 1 n T nlim d (x ,T ) lim d (S x ,T ) = 0
→∞ →∞

≤
n n

y y              (2.13)

and 

2 2n T n 2 n T nlim d (x ,T ) lim d (S x ,T ) = 0
→∞ →∞

≤
n n

x x              (2.14)

From (2.1) and (2.12) we have

2

2

2 2 2

T n 2 n

( , ) ( ( , ), )

d(T x ,S x ) 0 (as n )β

=

≤ → → ∞
n n n T n n

n

d y S x d W S x T x S x
            (2.15)

and

1

1

1 1 1

T n 1 n

( , ) ( ( , , ), )

d(T x ,S x ) 0 (as n )

β

β

=

≤ → → ∞
n n n T n n n

n

d y S x d W S x T x S x
                           (2.16)

Observe that ),,(),(),(),( 2222 nnnnTnTnnn yxSdxSxTdxTxdyxd ++=

It follows from (2.14) and (2.15) that

n nlim d(x ,y ) = 0
→∞n

              (2.17)

This together with (2.13) implies that

1 1 1 1

1

n T n n T n T n T n

n T n n n

d(x ,T x ) d(x ,T ) +d (T ,T )

d(x ,T ) +d(y ,x ) 0 (n )

≤

≤ → → ∞

y y x

y                    (2.18)

On the other hand, from (2.11) and (2.17), we have 

1 1 1 1

1

1 n T n 1 n T n T n T n

1 n T n n n

d(S x ,T x ) d(S x ,T ) +d (T ,T )

d(S x ,T ) +d(y ,x ) 0 (n )

≤

≤ → → ∞

y y x

y
                    (2.19)

Hence from (2.18) and (2.19), we have that

1 11 n n 1 n T n T n nd(S x ,x ) d(S x ,T ) +d (T , ) 0(n )≤ → → ∞y x x     (2.20)

In addition, since  1

1

1 1

1

( , ) ( ( , , ) )

(1 ) ( , ) ( , )

α

α α
+ ≤

≤ − +
n n n T n n n

n n n n T n n

d x x d W S x T y x

d S x x d T y x
from (2.13) and (2.20), we get

0),(lim 1 =+∞→ nnn
xxd              (2.21)

Finally, for all i = 1; 2, we have

1

i i i

i

i n T n T n T n

n n n i n i n T n

( , ) ( , ) ( , )

+ d(S x ,T y ) + d(T y ,T x )

 2d(x ,y ) + d(y ,S x ) + d(S x ,T y )

≤ +

≤

n T n n n n i nd x T x d x y d y S x

 

it follows from (2.11),(2.12),(2.15),(2.16) and (2.17) that

in T nlim d(x ,T x ) = 0, i = 1,2
→∞n

            (2.22)

Since  ),(),(),( ninTnTnnin xSxTdxTxdxSxd
ii

+≤

it follows from (2.12),(2.19) and (2.22) that

2,1,0)(lim , ==
∞→

ixSxd ninn
             (2.23)

Step 3: Now we prove the sequence {xn} ∆-converges to a common 
fixed point of 

i

2
1 T iF := (T ) (S )= i F F .

In fact, since for each n np F, lim  d(x ,p)→∞∈  exist.

This implies that the sequence {d(xn,p)} is bounded, so is the 
sequence {xn}. Hence by virtue of Lemma1.3, {xn} has a unique 
asymptotic center ({ }) { }.K nA x x=

Let {un} be any subsequence of {xn} with k nA ({u }) = {u}  It follows 
from (2.5) that

0),(lim =
∞→ nTnn

uTud
i

Now, we show that  ( )∈
iTu F T . For this, we define a sequence {zn} 

in K by u=
i

j
j Tz T . So we calculate

1

1

1

( ) ( ) ( ) ( , ,  ,  · · · , u  

,  ) (  ,  )

)

(

−

−

=

=

≤ + + +

+ ∑
i i i i i

i i i i

j j j j
j n T T n T n T n T n n

j
j j j k

T T n T n T n
k

d z u d T u T u d T u T u d T u

T u T u d T u T ud
    (2.25)

Since 
iTT  be a non-expansive mapping, by  

1

1 1 2

d(T ,T ) (T ,T )

( , ), ( , ) ( , ) ( , )

−

− − −

≤ ≤

≤ ≤ ≤ ≤ 

i i i i

i i i i i

j j j j
T T n T T n

j j j j
n T n T n T n T n T n n

u u d u u

d u u d T u T u d T u T u d T u u

from (2.25) we have:

 
ij n n T n nd(z ,u ) d(u,u ) + jd(T u ,u )≤

Taking limsup on the sides of the above estimate and using (2.24), 
we have

j n j nr(z ,{u })= limsup (z , u )
→∞n
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limsup ( , )n
n

d u u
→∞

≤

n=r(u,{u })  

And so,

n nlimsup ( ,{u }) r(u,{u })
→∞

≤j
j

r z  

Since },{})({ uuA nK =  by the definition of asymptotic center 
AK({un}) of a bounded sequence {un} with respect to ⊂K X , we have

n nr(u,{u }) r (y,{u }), y K≤ ∀ ∈  

This implies that

}){,(}){,(inflim nnjj
uuruzr ≤

∞→

Therefore we have 

n nlim ( ,{u }) r (u,{u })
→∞

≤j
j

r z  

It follow from Lemma 1.6 that lim
→∞

=Ti
j

T u u  As TTi is uniformly 

continuous, so that uuTuTTuT j
Tn

j
TjTT iiii

=== +
∞→∞→

1lim)(lim . That 

is  ( )∈
iTu F T . Similarly, we also can show that i(S )∈u F . Hence, 

u is the common fixed point of 
iT

T  and Si. Reasoning as above by 
utilizing the uniqueness of asymptotic centers, we get that x=u. Since 
{un} is an arbitrary subsequence of {xn}, therefore n{u } {u}=A  for 
all subsequence {un} of {xn} This proves that {xn} ∆-convergence to a 

common fixed point of 2

1
: ( ) ( ).

iT ii
F F T F S

=
= 



This completes the 
proof.

The following theorem can be obtained from Theorem 2.1 
immediately.

Theorem 2.2: Let K be a nonempty closed convex subset of 
a complete uniformly convex hyperbolic space X with monotone 
modulus of uniform convexity η.

Let : (K), i 1, 2→ =iT K P  be a multivalued mapping and be 

a uniformly −iL Lipschitzian and 2,1, =iT
iT be a non-expansive 

mapping. Assume that φ≠=
=

2

1
)(:

i Ti
TFF

 
for arbitrarily chosen

n1 ,  {x }∈x K  is defined as follows:







≥∀=

=+

1),,,(

),,,(

2

11

nvTxWy

uTxWx

nnTnn

nnTnn

β

α
                                  (2.26)

where , , ( , ) ( , )
i in T n n n n n T n n nv T x u Iy d v u H T x Iy τ∈ ∈ ≤ +  I be an 

identity mapping. }{},{},{ nnn βατ satisfy the following conditions:

1)  
1

lim 0, ;n n nn
τ τ∞

→∞ =
= < ∞∑

2) There exist constants a, b ∈ (0, 1) with 10 (1 a)
2

< − ≤b  such that  

{ [ ] }  ,   , { } [ ];α β⊂ ⊂n na b and a b

3) || || ( ) |   , ,    ,| || ( ).− = − =n n n nx p d x p y p d y p  

Then the sequence {xn} defined by (2.26) ∆−converges to a common 

fixed point of 
2

1
: ( ).

=
=
 iTi

F F T  

Proof Take Si=I, i=1,2 in Theorem 2.1. Since all conditions are 
satisfied. It follows from Theorem 2.1 that the sequence {xn} converges 

to a common fixed point of 
2

1
: ( ).

=
=
 iTi

F F T  This completes the 
proof of Theorem 2.2.

Competing Interests
The author declares that he has no competing interests.

Author’s Contributions
Author contributed equally and significantly in this research work.

Acknowledgements
The author would like to express their thanks to the editors and referees for 

their useful comments and suggestions.

References
1. Markin JT (1973) Continuous dependence of fixed point sets. Proc Am Math 

Soc 38: 545-547.

2. Nadler SB (1969) Multivalued mappings. Pacific J Math 30: 475-488.

3. Gomiewicz L (1999) Topological fixed point theory of multivalued mappings. 
Kluwer Academhic Pub, Dordrecht, Netherlands.

4. Lim TC (1974) A fixed point theorem for multivalued nonexpansive mappings in 
a uniformly convex Banach spaces. Bull Am Math Soc 80: 1017-1294.

5. Sastry KPR, Babu GVR (2005) Convergence of Ishikawa iterates for a multi- 
valued mapping with a fixed poing. J Czechoslovak Math 55: 817-826.

6. Panyanak B (2007) Mann and Ishikawa processes for multivalued mappings in 
Banach spaces, Comp Math Appl 54: 872-877.

7. Song Y, Wang H, (2008) Erratum to Mann and Ishikawa processes for 
multivalued mappings in Banach spaces. Comp Math Appl 55: 2999-3002.

8. Jung JS (2007) Strong convergence theorems for multivalued nonexpansive in 
Banach spaces. Nonlinear Anal 66: 2345-2354.

9. Shahzad N, Zegeye H (2009) On Mann and Ishikawa iteration schemes for 
multivalued maps in Banach spaces. Nonlinear Anal 71: 838-844.

10. Agarwal RP, O’Regan D, Sahu DR (2007) Iterativa construction of fixed points 
of nearly asymptotically mappings. J Nonlinear Convex Anal 8: 61-79.

11. Khan SH, Kim JK (2010) Common fixed points of two nonexpansive mappings 
by a modified faster iteration scheme. Bull Korean Math soc 47: 973-985.

12. Song Y, Cho YJ, (2011) Some notes on Ishikawa iteration for multivalued 
mappings. Bull Korean Math Soc 48: 575-584.

13. Khan SH, Abbas M, Rhoades BE (2010) A new one-step iterative scheme 
for approximating common fixed points of two multivalued nonexpansive 
mappings. Rend del Circ Mat 59: 149-157.

14. Khan SH, Fukharuddin H (2005) Weak and strong convergence of a scheme 
with errors for two nonexpansive mappings. Nonlinear Anal 8: 1295-1301.

15. Khan SH, Yildifim L (2012) Fixed points of multivalued nonexpansive mappings 
in Banach spaces. Fixed Point Theory Appl 73. 

16. Senter HF, Dotson WG (1974) Approximating fixed points of nonexpansive 
mappings. Proc Am Math Soc 44: 375-380.

17. Assad NA, Kirk WA (1972) Fixed point theorems for set-valued mappings of 
contractive type. Pacific J Math 43: 543-827.

18. Kohlenbach U (2004) Some logical meta theorems with applications in 
functional analysis. Trans Amer math Soc 357: 89-128.

19. Kuhfittig PKF (1981) Common fixed points of nonexpansive mappings by 
iteration. Pacific J Math 97: 137-139.

20. Sahin A, Basarir M (2013) On the strong convergence of a modified S-iteration 
process for asymptotically quasi-nonexpansive mappings in a CAT (0) space, 
Fixed Point Theory Appl 12. 

21. Goebel K, Reich S (1984) Uniform convexity, Hyperbolic geometry and 

http://www.ams.org/journals/proc/1973-038-03/S0002-9939-1973-0313897-4/S0002-9939-1973-0313897-4.pdf
http://www.ams.org/journals/proc/1973-038-03/S0002-9939-1973-0313897-4/S0002-9939-1973-0313897-4.pdf
http://www.springer.com/mathematics/book/978-1-4020-4665-0
http://www.springer.com/mathematics/book/978-1-4020-4665-0
http://projecteuclid.org/euclid.bams/1183536010
http://projecteuclid.org/euclid.bams/1183536010
http://link.springer.com/article/10.1007%2Fs10587-005-0068-z
http://link.springer.com/article/10.1007%2Fs10587-005-0068-z
http://www.sciencedirect.com/science/article/pii/S0898122107003331
http://www.sciencedirect.com/science/article/pii/S0898122107003331
http://www.sciencedirect.com/science/article/pii/S0898122107008140
http://www.sciencedirect.com/science/article/pii/S0898122107008140
http://www.sciencedirect.com/science/article/pii/S0362546X08006962
http://www.sciencedirect.com/science/article/pii/S0362546X08006962
http://www.mathnet.or.kr/mathnet/thesis_file/08_B09-160.pdf
http://www.mathnet.or.kr/mathnet/thesis_file/08_B09-160.pdf
http://www.mathnet.or.kr/mathnet/thesis_file/BKMS-48-3-575-584.pdf
http://www.mathnet.or.kr/mathnet/thesis_file/BKMS-48-3-575-584.pdf
http://www.sciencedirect.com/science/article/pii/S0362546X05000982
http://www.sciencedirect.com/science/article/pii/S0362546X05000982
http://www.fixedpointtheoryandapplications.com/content/2012/1/73
http://www.fixedpointtheoryandapplications.com/content/2012/1/73
http://www.jstor.org/discover/10.2307/2040440?uid=3737496&uid=2129&uid=2&uid=70&uid=4&sid=21103727153367
http://www.jstor.org/discover/10.2307/2040440?uid=3737496&uid=2129&uid=2&uid=70&uid=4&sid=21103727153367
http://projecteuclid.org/DPubS?verb=Display&version=1.0&service=UI&handle=euclid.pjm/1102959350&page=record
http://projecteuclid.org/DPubS?verb=Display&version=1.0&service=UI&handle=euclid.pjm/1102959350&page=record
http://www.ams.org/journals/tran/2005-357-01/S0002-9947-04-03515-9/S0002-9947-04-03515-9.pdf
http://www.ams.org/journals/tran/2005-357-01/S0002-9947-04-03515-9/S0002-9947-04-03515-9.pdf
http://msp.org/pjm/1981/97-1/pjm-v97-n1-p14-s.pdf
http://msp.org/pjm/1981/97-1/pjm-v97-n1-p14-s.pdf
http://link.springer.com/article/10.1186%2F1687-1812-2013-12
http://link.springer.com/article/10.1186%2F1687-1812-2013-12
http://link.springer.com/article/10.1186%2F1687-1812-2013-12
http://www.researchgate.net/publication/248772020_Uniform_convexity_hyperbolic_geometry_and_nonexpansive_mappings


Citation: Lei XC  (2014) ∆−Convergence Theorems for Multivalued Non-expansive Mappings in Hyperbolic Spaces. J Appl Computat Math 3: 158 
doi:10.4172/2168-9679.1000158

Page 5 of 5

Volume 3 • Issue 3 • 1000158
J Appl Computat Math
ISSN: 2168-9679 JACM, an open access journal 

Nonexpansive mappings. Marcel Dekker, New York.

22. Bridson N, Haefliger A (1999) Metric spaces of Non-Positive Curvature. 
Springer Verlag, Berlin, Heidelberg.

23. Leustean L (2007) Aquadratic rate ofic regularity asymptotic regularity for 
CAT(0) spaces. J Math Anal Appl 235: 386-399.

24. Reich S, Shafrir I (1990) Nonexpansive iterations in hyperbolic spaces. 
Nonlinear Anal 15: 537-558.

25. Zhao LC, Chang SS, Kim JK (2013) Mixed Type Iteration for Total Asymptotically 
Nonexpansive Mappings in Hyperbolic Spaces. Fixed Point Theory Appl.

26. Leustean L (2010) Nonexpansive iteration in uniformly convex W-hyperbolic 
spaces. Nonlinear Analysis and Optimization I: Nonlinear Analysis, 
Contemporary Mathematics AMS 513: 193-209.

27. Chang SS, Wang L, Joseph HW, Lee et al (2012) Total asymptotically 
non- expansive mappings in a CAT (0) space demiclosed principle and ∆−
convergence theorems for total asymptotically nonexpansive mappings in a 
CAT(0) space, Appl. Math. Comput 219: 2611-2617.

28. Khan AR, Fukharuddin H, Kuan MAA (2012) An implicit algorithm for two finite 
families of nonexpansive maps in hyperbolic spaces, Fixed Point Theory Appl 
54.

http://www.researchgate.net/publication/248772020_Uniform_convexity_hyperbolic_geometry_and_nonexpansive_mappings
http://www.springer.com/mathematics/geometry/book/978-3-540-64324-1
http://www.springer.com/mathematics/geometry/book/978-3-540-64324-1
http://arxiv.org/abs/math/0511019
http://arxiv.org/abs/math/0511019
http://www.sciencedirect.com/science/article/pii/0362546X9090058O
http://www.sciencedirect.com/science/article/pii/0362546X9090058O
http://www.fixedpointtheoryandapplications.com/content/2013/1/353
http://www.fixedpointtheoryandapplications.com/content/2013/1/353
http://books.google.co.in/books?id=45KD9_JqtYsC&pg=PA193&lpg=PA193&dq=Nonexpansive+iteration+in+uniformly+convex+W-hyperbolic+spaces.+Nonlinear+Analysis+and+Optimization&source=bl&ots=ogRuRk6BgR&sig=SOONbpj3izvMlFlOoXbWl-L2AAA&hl=en&sa=X&ei=PVMwU5qKF4uWrAe
http://books.google.co.in/books?id=45KD9_JqtYsC&pg=PA193&lpg=PA193&dq=Nonexpansive+iteration+in+uniformly+convex+W-hyperbolic+spaces.+Nonlinear+Analysis+and+Optimization&source=bl&ots=ogRuRk6BgR&sig=SOONbpj3izvMlFlOoXbWl-L2AAA&hl=en&sa=X&ei=PVMwU5qKF4uWrAe
http://books.google.co.in/books?id=45KD9_JqtYsC&pg=PA193&lpg=PA193&dq=Nonexpansive+iteration+in+uniformly+convex+W-hyperbolic+spaces.+Nonlinear+Analysis+and+Optimization&source=bl&ots=ogRuRk6BgR&sig=SOONbpj3izvMlFlOoXbWl-L2AAA&hl=en&sa=X&ei=PVMwU5qKF4uWrAe
http://www.fixedpointtheoryandapplications.com/content/2012/1/54
http://www.fixedpointtheoryandapplications.com/content/2012/1/54
http://www.fixedpointtheoryandapplications.com/content/2012/1/54

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Main Results 
	Competing Interests 
	Author’s Contributions 
	Acknowledgements 
	References 



