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Proximal point algorithms involving fixed point iteration
for nonexpansive mappings in CAT(x) spaces

ABSTRACT.

In this paper, we propose a new modified proximal point algorithm involving fixed point iteration for nonex-
pansive mappings in CAT(1) spaces. Under some mild conditions, we prove that the sequence generated by
our iterative algorithm A-converges to a common solution between certain convex optimization and fixed point
problems.

Acknowledgments. Prasit Cholamjiak thanks the Thailand Research Fund and Univer-
sity of Phayao under grant RSA6180084. Furthermore, Parin Chaipunya is grateful to the
joint support between KMUTT and the Thailand Research Fund (TRF) through the Royal
Golden Jubilee Ph.D. (RGJ-PHD) Program (Grant no. PHD/0045/2555).

REFERENCES

[1] Ariza-Ruiz, D., Leustean, L. and Lépez, G., Firmly nonexpansive mappings in classes of geodesic spaces, Trans.
Amer. Math. Soc., 366 (2014), 4299-4322
[2] Bagédk, M., Computing medians and means in Hadamard spaces, SIAM ]. Optim., 24 (2014), 1542-1566
[3] Bacdk, M., The proximal point algorithm in metric spaces, Israel . Math., 194 (2013), 689-701
[4] Barbu, V. and Precupanu, T., Convexity and Optimization in Banach spaces, 2nd edn., Reidel, Dordrecht, 1986
[5] Bridson, M. R. and Haefliger, A., Metric Spaces of Non-Positive Curvature, Springer-Verlag, Berlin, 1999
[6] Chaipunya, P. and Kumam, P., On the proximal point method in Hadamard spaces, Optimization, 66 (2017),
1647-1665
[7] Cholamjiak, P., The SP-iteration process for nonexpansive mappings in CAT(k) spaces, J. Nonlinear and Convex
Anal.,, 16 (2015), No. 1, 109-118
[8] Espinola, R. and Fernandez-Ledn, A., CAT(k)-spaces, weak convergence and fixed points, ]. Math. Anal. Appl.,
353 (2009), 410-427
[9] Ferreira, O. P. and Oliveira, P. R., Proximal point algorithm on Riemannian manifolds, Optimization, 51 (2002),
257-270
[10] He, J. S., Fang, D. H., Lopez, G. and Li, C., Mann’s algorithm for nonexpansive mappings in CAT(k) spaces,
Nonlinear Anal., 75 (2012), 445-452
[11] Jun, C., Ishikawa iteration process in CAT () spaces, arXiv:1303.6669v1 [math.MG]
[12] Kendall, W. S., Convexity and the hemisphere, ]. London Math. Soc., 43 (1991), No. 2, 567-576
[13] Khatibzadeh, H. and Ranjbar, S., A variational inequality in complete CAT(0) spaces, J. Fixed Point Theory
Appl., 17 (2015), 557-574
[14] Kimura, Y., Saejung, S. and Yotkaew, P., The Mann algorithm in a complete geodesic space with curvature bounded
above, Fixed Point Theory Appl., 2013 (2013), AiticleID 336, 13 pages
[15] Kimura, Y. and Sato, K., Convergence of subsets of a complete geodesic space with curvature bounded above, Non-
linear Anal., 75 (2012), 5079-5085

Received: 29.09.2017; In revised form: 13.06.2018; Accepted: 20.06.2018

2010 Mathematics Subject Classification. 47H09, 47H10, 52A41.

Key words and phrases. Proximal point algorithm, Mann iteration, Resolvent, Nonexpansive mappings, CAT(k)
spaces.

Corresponding author: Poom Kumam; poom kum@kmutt.ac.th

229



230 N. Pakkaranang, P. Kumam, P. Cholamjiak, R. Suparatulatorn, P. Chaipunya

[16] Kimura, Y. and Satd, K., Halpern iteration for strongly quasinonexpansive mappings on a geodesic space with
curvature bounded above by one. Fixed Point Theory Appl., 2013 (2013), doi:10.1186/1687-1812-2013-7, 14
pages

[17] Kimura, Y. and Kohsaka, F., Spherical nonspreadingness of resolvents of convex functions in geodesic spaces, J.
Fixed Point Theory Appl., 18 (2016), 93-115

[18] Kimura, Y. and Kohsaka, F., Two modified proximal algorithms in geodesic spaces with curvature bounded above,
(2017), arXiv:1704.01360

[19] Kimura, Y. and Kohsaka, F., The proximal algorithms in geodesic spaces with curvature bounded above, Linear
and Nonlinear Anal., 3 (2017), 133-148

[20] Kirk, W. A., Geodesic geometry and fixed point theory, In: Seminar of Mathematical Analysis (Malaga/Seville,
2002/2003). Colecc. Abierta. Universidad de Sevilla Secretariado de Publicaciones, Sevilla, 64 (2003),
195-225

[21] Kirk, W. A., Geodesic geometry and fixed point theory II, In: International Conference on Fixed Point Theo.
Appl., Yokohama Publ., Yokohama, (2004), 113-142

[22] Li, C., Lépez, G. and Martin-Marquez, V., Monotone vector fields and the proximal point algorithm on Hadamard
manifolds, . Lond. Math. Soc., 79 (2009), 663683

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

[24] Martinet, B., Régularisation dinéquations variationnelles par approximations successives, Rev. Fr. Inform. Rech.
Oper., 4 (1970), 154-158

[25] Ohta, S., Convexities of metric spaces, Geom. Dedic., 125 (2007), 225-250

[26] Panyanak, B., On total asymptotically nonexpansive mappings in CAT(k) spaces, J. Inequal. Appl., 336 (2014)

[27] Panyanak, B., On the Ishikawa iteration process for multivalued mappings in some CAT (k) spaces, Fixed Point
Theory Appl., 2014, 2014:1

[28] Rockafellar, R. T. and Wet, R. J.-B., Variational Analysis, Springer, Berlin, 1998

[29] Rockafellar, R. T., Monotone operators and the proximal point algorithm, SIAM ]. Control Optim., 14 (1976),
877-898

[30] Saipara, P, Chaipunya, P., Cho, Y. ]J. and Kumam, P., On strong and A-convergence of modified S-iteration for
uniformly continuous total asymptotically nonexpansive mappings in CAT(k) spaces, J. Nonlinear Sci. Appl., 8
(2015), 965975

[31] Suparatulatorn, R. and Cholamjiak, P., The modified S-iteration process for nonexpansive mappings in CAT(k)
spaces, Fixed Point Theory Appl., (2016) 2016:25

[32] Takahashi, W., Nonlinear Functional Analysis, Fixed Point Theory and Its Applications, Yokohama Plublis-
hers, Yokohama, 2000

[33] Yokota, T., Convex functions and barycenter on CAT(1)-spaces of small radii, ]. Math Soc. Japan, 68 (2016),
1297-1323

IDEPARTMENT OF MATHEMATICS

KMUTTFIXED POINT RESEARCH LABORATORY

RooM SCL 802 FIXED POINT LABORATORY

SCIENCE LABORATORY BUILDING, FACULTY OF SCIENCE

KING MONGKUT’S UNIVERSITY OF TECHNOLOGY THONBURI (KMUTT)

126 PRACHA-UTHIT ROAD, BANG MOD, THRUNG KHRU, BANGKOK 10140, THAILAND
E-mail address: nuttapol.pak@mail.kmutt.ac.th

E-mail address: parin.cha@mail.kmutt.ac.th

2DEPARTMENT OF MEDICAL RESEARCH
CHINA MEDICAL UNIVERSITY HOSPITAL
CHINA MEDICAL UNIVERSITY
TAICHUNG 40402, TAIWAN

E-mail address: poom.kum@kmutt.ac.th

3SCHOOL OF SCIENCE

UNIVERSITY OF PHAYAO

PHAYAO 56000, THAILAND

E-mail address: prasitch2008@yahoo.com



Proximal point algorithms involving fixed point iteration for nonexpansive mappings in CAT(x) spaces 231

4 DEPARTMENT OF MATHEMATICS
FACULTY OF SCIENCE

CHIANGMATI UNIVERSITY

CHIANGMAI 50200, THAILAND

E-mail address: raweerote.s@gmail.com



	References

