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Optimization on Riemannian Manifolds:

Combination of Geometry and Applied Mathematics

My research is closely related to my background.
When I was a student in the Department of Applied
Mathematics and Physics, Graduate School of
Informatics, Kyoto University, I originally belonged to
the Dynamical Systems Laboratory, in which dynamical
systems are studied from geometric viewpoints. In
that laboratory, I realized that geometry is not only
very interesting but also applicable to a wide range
of research fields. At that time, I was also interested
in mathematical optimization theory and attended
workshops in the System Optimization Laboratory, to
which I presently belong. My current research theme is
geometric optimization on Riemannian manifolds. This
entails a combination of geometry and optimization,
which are branches of pure and applied mathematics,
respectively.

Optimization plays an important role in various
fields such as machine learning, control engineering,
and financial engineering, among others. A real-world
problem that seeks to minimize cost or maximize profit,
for example, is modeled as a mathematical optimization
problem for minimizing or maximizing a function with
some variables. This type of problem often has some
constraints, that is, the variables of the problem are
subject to the satisfaction of several conditions. We
must carefully solve an optimization problem when it
has constraints to ensure that the solution identified
satisfies all conditions. Let us consider a specific case
in which the squared sum of all real variables is one. If

tangent spaces of M

I1 /
direction ’

o/

initial point Lo

curves on M

Riemannian manifold M .

contours of the objective function'

Hiroyuki Sato
Vel "z

the number of variables is three, a triplet of variables
satisfying the condition can be regarded as a point
on a unit sphere. Similarly, a more general case with
more than three variables is considered a problem
on a unit hypersphere. We are actually interested
in an abstract case in which the set of all variables
satisfying the given condition in an optimization
problem forms a Riemannian manifold, which is a
generalized conceptualization of surface. Such a
constrained optimization problem can be regarded as
an unconstrained problem on a Riemannian manifold.
Thus, we can apply efficient methods for unconstrained
problems once we theoretically generalize such
methods in usual, flat spaces to those on Riemannian
manifolds. This motivated me to develop optimization
theory on Riemannian manifolds, which is one of my
main research topics.

Geometric optimization is an interdisciplinary
research field and has many applications. Together with
my collaborators, who possess varied backgrounds, I
also look for various applications of the theory. In my
discussion with them, I enjoy learning about topics in
different fields. Furthermore, I am delighted that I now
have the chance to discuss various topics with other
researchers involved in the Hakubi Project, as they
come from research areas that are even more diverse.
Such opportunities certainly help me deepen my own
research, in addition to contributing to the development
of a new field. (&S VARE)
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Generating a sequence on a Riemannian manifold that converges to an optimal solution.
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