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Newton’s Optimization Method in Geodesic Spaces

B. Ahmadil

Department of Applied Mathematics, Shahid Beheshti University, Iran

Abstract. Many important spaces in data science or engineering problems are non-
linear spaces. Therefore, in recent years, numerical methods for optimizing functions
defined on Riemannian manifolds have received much attention and research. On the
other hand, geometers such as Alexandrov and Gromov opened a new door to the study
of geometric objects by inventing geodesic spaces. These spaces are generalizations of
Riemannian manifolds and, among other advantages, they lack the tensor complexities
of these manifolds. These spaces contain many crude mathematical objects, includ-
ing graphs or topological manifolds. In this article, Newton’s method for finding the
minimum point of a self-concordant function on geodesic metric spaces is presented.
One of the important advantages of this type of investigation compared to Newton’s
method on Riemannian manifolds is the simplicity of the theory and the reduction of
the amount of computation. Despite the lack of a smooth structure and tensor algebra
on curves, we show, simply by using the concept of “geodesic curve”, that Newton’s
method can be successfully and even more simply designed and implemented on a wide
range of common mathematical structures.
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