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Abstract. In this paper, we first prove weak and strong convergence theorems for Ishikawa and

Halpern iterations of 2-generalized hybrid mappings in uniformly convex Banach spaces and we ap-
ply our method to provide an affirmative answer to an open problem raised by Hojo, Takahashi and

Termwuttipong [Strong convergence theorems for 2-generalized hybrid mappings in Hilbert spaces,

Nonlinear Analysis, 75 (2012) 2166-2176]. We then extend the results to CAT(0) spaces, which
include especially simply connected complete Riemannian manifolds with nonpositive sectional cur-

vature. Our results improve and generalize some known results in the current literature.
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[4] F. Bruhat, J. Tits, Groupes réductifs sur un corps local, Inst, Hautes Études Sci. Publ. Math.,
41(1972), 5-251.

[5] D. Burago, Y. Burago, S. Ivanov, A Course in Metric Geometry, in: Graduate Studies in Math.,

vol. 33, Amer. Math. Soc., Providence, RI, 2001.
[6] P. Chaoha, A. Phon-on, A note on fixed point sets in CAT(0) spaces, J. Math. Anal. Appl.,

320(2006), 983-987.

[7] Y.J. Cho, H.Y. Zhou, G. Guo, Weak and converence theorems for three-step iterations with with
errors for asymptotically nonexpansive mappings, Comput. Math. Appl., 47(2004), 707-717.

[8] S. Dhompongsa, W.A. Kirk, B. Panyanak, Nonexpansive set-valued mappings in metric and

Banach spaces, J. Nonlinear Convex Anal., 8(2007), 35-45.
[9] S. Dhompongsa, W.A. Kirk, B. Sims, Fixed points of uniformly Lipschitzian mappings, Nonlin-

ear Anal., 65(2006), 762-772.

501



502 ESKANDAR NARAGHIRAD

[10] S. Dhompongsa, B. Panyanak, On ∆-convergence theorems in CAT(0) spaces, Comput. Math.
Appl., 56(2008), no. 10, 2572-2579.

[11] D. van Dulst, Equivalent norms and the fixed point property for nonexpansive mappings, J.

London Math. Soc., 25(1982), 139-144.
[12] K. Goebel, W.A. Kirk, Topics in Metric Fixed Point Theory, Cambridge University Pres,

Cambridge, 1990.

[13] K. Goebel, S. Reich, Uniform Convexity, Hyperbolic Geometry, and Nonexpansive Mappings,
Marcel Dekker, Inc., New York, 1984.

[14] J.-P. Gossez, E. Lami Dozo, Some geometric propertis related to the fixed point theory for
nonexpansive mappings, Pacific J. Math., 40(1972), 565-573.

[15] M. Gromov, Metric Structures for Riemannian and Non-Riemannian Spaces, in: Progress in

Mathematics, 152, Birkhäuser, Boston, 1999.
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[21] P.E. Maingé, Strong convergence of projected subgradient methods for nonsmooth and non-
strictly convex minimization, Set-Valued Anal., 16(2008), 899-912.

[22] W.R. Mann, Mean value methods in iteration, Proc. Amer. Math. Soc., 4(1953), 506-510.

[23] B. Nanjaras, B. Panyanak, W. Phuengrattana, Fixed point theorems and convergence theorems
for Suzuki-generalized nonexpansive mappings in CAT(0) spaces, Nonlinear Anal., Hybrid Sys-

tems, 4(2010), 25-31.
[24] Z. Opial, Weak convergence of the sequence of successive approximations for nonexpansive

mappings, Bull. Amer. Math. Soc., 73(1967), 595-597.

[25] W. Phuengrattana, Approximating fixed points of Suzuki-generalized nonexpansive mappings,
Nonlinear Anal., Hybrid Systems, 5(2011), 583-590.

[26] S. Reich, Weak convergence theorems for nonexpansive mappings in Banach spaces, J. Math.

Anal. Appl., 67(1979), 274-276.
[27] H.F. Senter, W.G. Dotson, Approximating fixed points of nonexpansive mappings, Proc. Amer.

Math. Soc., 44(1974), 375-380.

[28] N. Shoiji, W. Takahashi, Strong convergence of approxiamted sequences for nonexpansive map-
pings in Banach spaces, Proc. Amer. Math. Soc., 125(1997), 3641-3645.

[29] W. Takahashi, Nonlinear Functional Analysis. Fixed Point Theory and Its Applications, Yoka-

hama Publishers, Yokahama, 2000.
[30] W. Takahashi, G.E. Kim, Approximating fixed points of nonexpansive mappings in Banach

spaces, Math. Japon., 48(1998), 1-9.
[31] H.K. Xu, Inequalities in Banach spaces with applications, Nonlinear Anal., 16(1991), 1127-1138.

[32] H.K. Xu, T.K. Kim, Convergence of hybrid steepest-descent methods for variational inequalities,

J. Optim. Th. Appl., 119(1)(2003), 185-201.
[33] R. Wittmann, Approximation of fixed points of nonexpansive mappings, Arch. Math., 58(1992),

486-491.

Received: July 7, 2012; Accepted: June 13, 2013


