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I. INTRODUCTION  

More recently, many of the standard ideas 

of nonlinear analysis have been extended to the 

class of so-called CAT(0) spaces, [So named by 

Gromov[1] in honor of Cartan, Alexandrov, and 

Toponogov]. First time, W.A. Kirk[4] developed 

the fixed point theory for CAT(0) spaces and 

proved an interesting fact about the fixed point set. 

He showed that every nonexpansive (single-valued) 

mapping defined on a bounded closed convex 

subset of a complete CAT(0) space always has a 

fixed point. Since then the fixed point theory for 

single-valued and multivalued mappings in CAT(0) 

spaces has been rapidly developed. In 2008, 

Dhompongsa and Panyanak[7] used the concept of 

 -convergence introduced by Lim to prove the 

CAT(0) space analogs and obtained  -

convergence theorems for the Picard, Mann and 

Ishikawa iterations in the CAT(0) space setting. 

 A metric space X is a CAT(0) space if it is 

geodesically connected and if every geodesic 

triangle in X is at least as “thin” as its comparison 

triangle in the Euclidean plane [2]. It is well known 

that any complete, simply connected Riemannian 

manifold having nonpositive sectional curvature is 

a CAT(0) space. Complete CAT(0) spaces are often 

called Hadamard spaces[4]. For a thorough 

discussion of these space and of the fundamental 

role they play in various branches of mathematics, 

see Bridson and Haefliger [2] or Burago et al.[3]. 

Liu [8] has proved the convergence of 

Mann and Ishikawa iterative sequence for uniformly 

𝐿-Lipschitzian asymptotically demicontractive and 

hemicontractive mappings in Hilbert space. The 

approximation of fixed points of one or more 

nonexpansive, asymptotically nonexpansive, or 

asymptotically quasi-nonexpansive mappings by 

various iterations have been extensively studied in 

Banach spaces, convex metric spaces, 𝐶𝐴𝑇(0) spaces, 

and so on [4, 8, 10-25]. 

In this paper, we establish theorem of 

strong convergence for the Mann iteration scheme to 

a fixed point of a finite family of a uniformly 𝐿-

Lipschitzian asymptotically demicontractive 

mapping in 𝐶𝐴T(0) space. 

II. PRELIMINARIES 

Let (X, d) be a metric space. A geodesic 

path joining x ∈ X to y ∈ X (or, more briefly, a 

geodesic from x to y) is a mapping c from a closed 

interval  0, l   R to X such that c(0) = x ;   c( l ) = y, 

and d(c(t), c(t0)) = 0t t for all t, t0 ∈  0, l .  In 

particular, c is an isometry and d(x, y) = l . The 

image of c is called a geodesic (or metric) segment 

joining x and y. When it is unique, this geodesic is 

denoted by [x, y]. The space (X, d) is said to be a 

geodesic space if every two points of X are joined by 

a geodesic and X is said to be uniquely geodesic if 

there is exactly one geodesic joining x and y for each 

x, y ∈ X. A subset Y  X is said to be convex if Y 

includes every geodesic segment joining any two of 

its points. 

A geodesic triangle  (x1, x2, x3) in a 

geodesic metric space (X, d) consists of three points 

in X (the vertices of  ) and a geodesic segment 

between each pair of vertices (the edges of  ). A 

comparison triangle for a geodesic triangle  (x1, x2, 

x3) in (X, d) is a triangle   (x1, x2, x3):= 

 1 2 3, ,x x x  in the Euclidean plane R2 such that 

   2 , ,i j i jR
d x y d x y  for  i , j ∈  1,2,3 . Such a 

triangle always exists [2]. 
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A geodesic metric space is said to be a 

CAT(0) space if all geodesic triangles of appropriate 

size satisfy the following CAT(0) comparison axiom.  

 Let   be a geodesic triangle in X and let 

2R   be a comparison triangle for  . Then   is 

said to satisfy the CAT(0) inequality if for all x, y 

∈   and all the comparison points ,x y , 

       , ,d x y d x y  

If  x1, y1, z1 are points in a CAT(0) space and if y0 is 

the midpoint of the segment [y1, y2], which we will 

denote by 1 2

2

y y
, then the CAT(0) inequality 

implies 

   

 

2 2 21 2
1 2

2
1 2

1 1
, , ,

2 2 2

1
,

4

y y
d x d x y d x y

d y y

 
  

 



 

This is the (CN) inequality of Bruhat and Tits [5]. In 

fact, a geodesic space is CAT(0) space if and only if 

it satisfies the (CN) inequality [2]. The previous 

inequality has been extended by Khamsi and Kirk [6] 

as 

        

   

2 2 2

2

, 1 , 1 ,

1 ,

d z x y d z x d z y

d x y

   

 

    

 
            

                                                                         (CN*) 

for any  0,1   and x, y, z ∈ X. The inequality 

(CN*) also appeared in [7]. 

Let us recall that a geodesic metric space is a CAT(0) 

space if and only if it satisfies the (CN) inequality 

(see [ 2, page 163]). Moreover, if X is a CAT(0) 

metric space and x, y ∈ X, then for any α ∈ [0, 1], 

there exists a unique point αx ⨁ (1 – α)y ∈ [x, y] 

such that 

        , 1 , 1 ,d z x y d z x d z y         

 for any z ∈ X and 

 [x, y] = { αx ⨁ (1 – α)y: α ∈ [0, 1]}. 

Now we introduce some important definitions as 

follows: 

Definitions: Let 𝐶 be a nonempty subset of a metric 

space (𝑋, 𝑑). Let F(𝑇) denote the fixed   point set of 

𝑇. Let  F T   . 

(1) A mapping 𝑇 : 𝐶 → 𝐶 is said to be 𝑘-strict 

asymptotically pseudocontractive with 

sequence {𝑎𝑛} if lim𝑛→∞ 𝑎𝑛 = 1 for some 

constant 𝑘,  0 ≤ 𝑘 < 1 and  

                  

        
2

2 2 2, , , ,n n n n
nd T x T y a d x y k d x T x d y T y  

 

 for all 𝑥, 𝑦 ∈ 𝐶, 𝑛 ∈ N. 

 

If 𝑘 = 0, then 𝑇 is said to be asymptotically 

nonexpansive with sequence {𝑎𝑛}, that is, 

   𝑑 (𝑇𝑛𝑥, 𝑇𝑛𝑦) ≤ 𝑎𝑛𝑑 (𝑥, 𝑦) ,  𝑥, 𝑦 ∈ 𝐶.  

(2)  A mapping 𝑇 : 𝐶 → 𝐶 is said to be 

asymptotically demicontractive with sequence 

{𝑎𝑛} if lim𝑛→∞𝑎𝑛 = 1 for some constant 𝑘, 0 ≤ 𝑘 

< 1, and 

             2 2 2 2, , ,n n
nd T x p a d x p k d x T x   ,  

          𝑝 ∈ 𝐹 (𝑇), 𝑥 ∈ 𝐶, 𝑛 ∈ N. 

If 𝑘 = 0, then 𝑇 is said to be asymptotically 

quasi nonexpansive with sequence {𝑎𝑛}, that is, 

       𝑑 (𝑇𝑛𝑥, 𝑝) ≤ 𝑎𝑛𝑑 (𝑥, 𝑝) ,  𝑥 ∈ 𝐶, 𝑝 ∈ 𝐹 (𝑇) .  

(3)  A mapping 𝑇 : 𝐶 → 𝐶 is said to be 

asymptotically pseudocontractive with sequence 

{𝑎𝑛} if lim𝑛→∞𝑎𝑛 =1 and 

              

        
2

2 2, , , ,n n n n
nd T x T y a d x y d x T x d y T y  

 

          for all 𝑥, 𝑦 ∈ 𝐶, 𝑛 ∈ N. 

(4) A mapping 𝑇 : 𝐶 → 𝐶 is said to be uniformly 𝐿-

Lipschitzian if for some constant  𝐿 > 0, 
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             , ,n nd T x T y L d x y  ,  𝑥, 𝑦 ∈ 𝐶, 

     for all 𝑛 ∈ N. 

Let 𝐶 be a nonempty convex subset of a 𝐶AT(0) 

space (𝑋, 𝑑) and let 𝑇 : 𝐶 → 𝐶 be a given mapping. 

Let 𝑥1 ∈ 𝐶 be a given point. 

The sequences {𝑥𝑛} and {𝑦𝑛} defined by the 

iterative process 

𝑥𝑛+1 = (1 − 𝛼𝑛) 𝑥𝑛 ⨁ 𝛼𝑛𝑇𝑛𝑦𝑛, 

𝑦𝑛 = (1 − 𝛽𝑛) 𝑥𝑛 ⨁ 𝛽𝑛𝑇𝑛𝑥𝑛,     𝑛 ≥1,                      (2.1)         

is called an Ishikawa-type iterative sequence  [26]. 

If 𝛽𝑛 ≡ 0, then (2.1) reduces to the sequence {𝑥𝑛} 

defined by the iterative process 

 𝑥𝑛+1 = (1 − 𝛼𝑛) 𝑥𝑛 ⨁ 𝛼𝑛𝑇𝑛x𝑛,   𝑛 ≥1,                    (2.2) 

which is called a Mann-type iterative sequence [27]. 

Lemma 2.1 [8]. Let sequences {𝑎𝑛}, {𝑏𝑛} satisfy 

that  

                    𝑎𝑛+1 ≤ 𝑎𝑛 + 𝑏𝑛,  𝑎𝑛 ≥ 0,  

for all 𝑛 ∈ N, 

1

n

n

b





  is convergent, and {𝑎𝑛} has a 

subsequence {
kna } converging to 0. Then, we must 

have lim 0n na   

III.  MAIN RESULTS 

First we prove a lemma as follows: 

Lemma 3.1 Let (X, d) be a CAT(0) space and let C 

be a nonempty convex subset of X. Let iT : C C, 

1,2,.....,i n  be a finite family of uniformly L-

Lipschitzian mapping and let    ,n n  be 

sequences in [0,1]. Define the iteration scheme {xn} 

as (2.1). Then 
         

   

 2 1
1 1

, ,

(1 2L L )d ,

n
n i n n i n

n
n i n

d x T x d x T x

L x T x
 



    

 for all n  1. 

Proof. Let Dn =  , n
n i nd x T x , We have 

   1
1 1 1 1 1 1 1, , (1 ) n

n n n n n n i nd x y d x x T x  
        

                                                        

        1
1 1 1 1 1, n

n n i n n nd x T x D 
                (3.1) 

From (3.1), we get 

   

 

1 1
1 1 1 1

1 1
1 1

, ,

,

n n
n i n n i n

n n
i n i n

d x T y d x T x

d T x T y

 
   

 
 





 

                           1 1 1,n n nD L d x y      

                         1 1 1n n nD L D                     (3.2) 

From (3.1) and (3.2), we get 

     , , ,n n
n i n n i n i n i nd x T x d x T x d T x T x 

 1 ,n
n i n nD L d T x x     

    1 1 1
1 1, ,n n n

n i n i n i n nD L d T x T x d T x x  
            

   2 1
1 1, ,n

n n n i n nD L d x x L d T x x
     

  
  

2 1
1 1 1 1 1

1 1
1 1 1 1 1

1 ,

, 1

n
n n n n i n n

n n
i n n n n i n

D L d x T y x

L d T x x T y

 

 


    

 
    

    

   

 
   

 

2 1
1 1 1

1
1 1 1

1 1
1 1 1

,

1 ,

,

n
n n i n n

n
n i n n

n n
n i n i n

D L d T y x

d T x x

L

d T x T y








  


  

 
  

  

 
 

  
 
 

 

 

2
1 1 1 1

2
1 1 1 1 11

n n n n n

n n n n n

D L D L D

L D L D

 

  

   

    

     

      

2
1 1(1 2L L ) , 1n nD L D n                        (3.3) 

This completes the proof of lemma. 

Theorem 3.1 Let (X, d) be a complete CAT(0) 

space, let C X  be a nonempty bounded closed 

convex set. Let : , 1,2,3,.......,iT C C i n   be a 

family of complete continuous and uniformly L-

Lipschitzian and asymptotically demicontractive 

with  sequence {an},  an ∈ [1,),  

 2

1

1 ,n

n

a





   1n k      , for all n ∈ N 
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and some 0  . Given x0 ∈ C, define the iteration 

scheme {xn}  as  

               
 1 1 n

n n n n i nx x T x      

Then {xn} converges strongly to some fixed point of 

{Ti}. 

Proof. Since 𝑇i be a family of a completely 

continuous mapping in a bounded closed convex 

subset 𝐶 of complete metric space, from Schauder’s 

theorem, (𝑇i) is nonempty. It follows from (CN*) 

inequality that 

    2 2
1, 1 x x ,n

n n n n i nd x p d T p      

     
   

2 2

2

1 , x ,

1 , x

n
n n n i n

n
n n n i n

d x p d T p

d x T

 

 

  

 

          (3.4) 

for all  ip F T . 

Since Ti be a family of asymptotically 

demicontractive mappings, we get 

     

    
   

2 2
1

2 2 2

2

, 1 ,

x , , x

1 , x

n n n

n
n n n n i n

n
n n n i n

d x p d x p

a d p k d x T

d x T





 

  

  

 

            
     

   

2 2 2

2

, 1 x ,

1 , x

n n n n

n
n n n i n

d x p a d p

k d x T



 

  

  

       

                                                                          (3.5) 

for all  ip F T . 

Since 0 1n k       , we have 1 nk     . 

Thus, 

                       21n nk                          (3.6) 

Now (3.5) and (3.6) implies that 

 
       

 

2 2 2 2
1

2 2

, , 1 x ,

, x

n n n n n

n
n i n

d x p d x p a d p

d x T





   

 

 

                                (3.7) 

for all  ip F T .  

Since C is bounded and Ti’s are self-mapping in C, 

there exists some M >0 so that  2 ,nd x p M , for 

all n∈N. Since 0 1n  , it follows from (3.7) that 

     

 

2 2 2
1

2 2

, , 1

, x

n n n

n
n i n

d x p d x p a M

d x T

   

 

 

                              (3.8) 

for all  ip F T . 

Therefore, 

     

 

2 2 2 2
1

2

, x , ,

1

n
n i n n n

n

d x T d x p d x p

a M

   

 

 

                                                 (3.9) 

So, 

     

 

2 2 2 2
1 1

1

2

1

, x , ,

1

m
n

n i n m

n

m

n

n

d x T d x p d x p

a M

 





  

 





 

          2

1

2 1

m

n

n

M a M



    

for all m ∈ N. Since  2

1

1

m

n

n

a



   , we get  

          2 2

1

, x

m
n

n i n

n

d x T



                       (3.10) 

Therefore, 

           2lim , x 0,n
n n i nd x T            

         lim , x 0n
n n i nd x T                          (3.11) 

Since Ti be a family of uniformly L-Lipschitzian 

mappings, it follows from lemma 3.1 that 

           
 lim , x 0n n i nd x T                         (3.12) 
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Since {𝑥𝑛} is a bounded sequence and Ti’s  are 

completely continuous, there exist a convergent 

subsequence  knTx of {𝑇𝑥𝑛 }. Therefore, from 

(3.12), {x𝑛} has a convergent subsequence  knx . 

Let lim
kn nx q  . It follows from the continuity 

of Ti’s and (3.12), we have 𝑞 = Ti 𝑞. Therefore, {x} 

has a subsequence which converges to the fixed 

point 𝑞 of Ti.  

 Let 𝑝=𝑞 in the inequality (3.8). Since 

 2

1

1

m

n

n

a



   and  2 2

1

, x

m
n

n i n

n

d x T



   , 

from (3.8) and Lemma 2.1, we have 

             2lim , 0,n nd x q    

Therefore,    lim ,n nx q   

This completes the proof of Theorem 3.1. 

Corollary 3.2 Let (X, d) be a complete CAT(0) 

space, let C X  be a nonempty bounded closed 

convex set. Let : , 1,2,3,.......,iT C C i n   be a 

family of complete continuous and uniformly L-

Lipschitzian and k-strict asymptotically 

pseudocontractive with sequence {an}, an ∈ [1,),  

 2

1

1 ,n

n

a





   1n k      , for all n ∈ N 

and some 0  . Given x0 ∈ C, define the iteration 

scheme {xn} as  

                
 1 1 n

n n n n i nx x T x      

Then {xn} converges strongly to some fixed point of 

{Ti}. 

Proof. Since Ti’s are k-strict asymptotically 

pseudocontractive; then Ti’s must be asymptotically 

demicontractive (by definition). Therefore, Corollary 

3.2 can be proved by using theorem 3.1. 

 

REFERENCES  
 

[1] M. Gromov, “Hyperbolic groups,” in Essays in Group 

Theory, vol. 8 of Publications of the Research Institute for 

Mathematical Sciences, pp. 75–263, Springer, New York, 

NY, USA, 1987. 

[2] M. R. Bridson and A. Haefliger, Metric Spaces of Non-

Positive Curvature, Springer, Berlin, Germany, 1999. 

[3]  D. Burago, Y. Burago, and S. Ivanov, A Course in Metric 

Geometry, vol. 33 of Graduate Studies in Mathematics, 

American Mathematical Society, Providence, RI, USA, 

2001. 

[4]  W. A. Kirk, “Fixed point theorems in CAT(0) spaces and 

𝑅-trees,” Fixed Point Theory and Applications, no. 4, pp. 

309–316,2004. 

[5]  F. Bruhat and J. Tits, “Groupes r´eductifs sur un corps 

local. I. Donn´ees radicielles valu´ees,” Institut des Hautes 

´ Etudes Scientifiques. Publications Math´ematiques, no. 

41, pp. 5–251, 1972. 

[6]  M. A. Khamsi and W. A. Kirk, “On uniformly 

Lipschitzian multivalued mappings in Banach and metric 

spaces,” Nonlinear Analysis. Theory, Methods & 

Applications, vol. 72, no. 3-4, pp.2080–2085, 2010. 

[7]  S. Dhompongsa and B. Panyanak, “On Δ-convergence 

theorems in CAT(0) spaces,” Computers & Mathematics 

with Applications, vol. 56, no. 10, pp. 2572–2579, 2008. 

[8] Q. Liu, “Convergence theorems of the sequence of iterates 

for asymptotically demicontractive and hemicontractive 

mappings,” Nonlinear Analysis. Theory, Methods & 

Applications, vol.26, no. 11, pp. 1835–1842, 1996. 

[9]  J. Schu, “Iterative construction of fixed points of 

asymptotically nonexpansive mappings,” Journal of 

Mathematical Analysis and Applications, vol. 158, no. 2, 

pp. 407–413, 1991. 

[10]  P. Chaoha and A. Phon-on, “Anote on fixed point sets in 

CAT(0) spaces,” Journal of Mathematical Analysis and 

Applications, vol. 320, no. 2, pp. 983–987, 2006. 

[11]  C. E. Chidume, “Convergence theorems for asymptotically 

pseudocontractive mappings,” Nonlinear Analysis. Theory, 

Methods & Applications, vol. 49, no. 1, pp. 1–11, 2002. 

[12]  X. P. Ding, “Iteration processes for nonlinear mappings in 

convex metric spaces,” Journal of Mathematical Analysis 

and Applications, vol. 132, no. 1, pp. 114–122, 1988. 

[13]   K. Goebel and S. Reich, Uniformly Convexity, 

Hyperbolic Geometry and Nonexpansive Mappings, vol. 

83 of Monographs and Textbooks in Pure and Applied 

Mathematics, Marcel Dekker, New York, NY, USA, 1984. 

[14]  J.-C. Huang, “Implicit iteration process for a finite family 

of asymptotically hemi-contractive mappings in Banach 

spaces,” Nonlinear Analysis. Theory, Methods & 

Applications, vol. 66, no.9, pp. 2091–2097, 2007. 

[15]  J. K. Kim, K. S. Kim, and S. M. Kim, “Convergence 

theorems of implicit iteration process for a finite family of 

asymptotically quasi-nonexpansive mappings in convex 

metric spaces,” RIMS Kokyuroku, vol. 1484, pp. 40–51, 

2006. 

[16]  J. K. Kim, K. H. Kim, and K. S. Kim, “Convergence 

theorems of modified three-step iterative sequences with 

mixed errors for asymptotically quasi-nonexpansive 

mappings in Banach spaces,” Panamerican Mathematical 

Journal, vol. 14, no. 1, pp.45–54, 2004. 

[17] J. K. Kim, K. H. Kim, and K. S. Kim, “Three-step iterative 

sequences with errors for asymptotically quasi-

nonexpansive mappings in convex metric spaces,” RIMS 

Kokyuroku, vol. 1365, pp. 156–165, 2004. 

[18]  U. Kohlenbach and L. Leus¸tean, “Mann iterates of 

directionally nonexpansive mappings in hyperbolic 

spaces,” Abstract and Applied Analysis, no. 8, pp. 449–477, 

2003. 

[19]  L. Leustean, “A quadratic rate of asymptotic regularity for 

CAT(0)-spaces,” Journal of Mathematical Analysis and 

Applications, vol. 325, no. 1, pp. 386–399, 2007. 

[20]  C. Moore and B. V. C. Nnoli, “Iterative sequence for 

asymptotically demicontractive maps in Banach spaces,” 



International Journal of Mathematics Trends and Technology (IJMTT) – Volume 48 Number 3 August 2017 

ISSN: 2231-5373                      http://www.ijmttjournal.org                                      Page 208 

Journal of Mathematical Analysis and Applications, vol. 

302, no. 2, pp. 557–562, 2005. 

[21]  M. O. Osilike, A. Udomene, D. I. Igbokwe and B. G. 

Akuchu, “Demiclosedness principle and convergence 

theorems for 𝑘-strictly asymptotically pseudocontractive 

maps,” Journal of Mathematical Analysis and Applications, 

vol. 326, no. 2, pp.1334–1345, 2007. 

[22] S. Reich and I. Shafrir, “Nonexpansive iterations in 

hyperbolic spaces,” Nonlinear Analysis. Theory, Methods 

& Applications, vol.15, no. 6, pp. 537–558, 1990. 

[23]  S. Saejung, “Halpern’s iteration in CAT(0) spaces,” Fixed 

Point Theory and Applications, vol. 2010, Article ID 

471781, 13 pages,2010. 

[24]  C.Wang and L.-W. Liu, “Convergence theorems for fixed 

points of uniformly quasi-Lipschitzian mappings in convex 

metric spaces,” Nonlinear Analysis. Theory, Methods & 

Applications, vol.70, no. 5, pp. 2067–2071, 2009. 

[25]  H. Zhou and Y. Su, “Strong convergence theorems for a 

family of quasi-asymptotic pseudo-contractions in Hilbert 

spaces,” Nonlinear Analysis. Theory, Methods & 

Applications, vol. 70, no.11, pp. 4047–4052, 2009. 

[26]  S. Ishikawa, “Fixed points by a new iteration method,” 

Proceedings of the American Mathematical Society, vol. 

44, pp. 147–150, 1974. 

[27]  W. R. Mann, “Mean value methods in iteration,” 

Proceedings of the American Mathematical Society, vol. 4, 

pp. 506–510, 1953. 

 


