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Research Summary:

My research area is theoretical computer science, the field of study that investigates computation

from a mathematical perspective. I am especially working on algorithms, computational complexity

and quantum computing.

My research on algorithms focuses on graph algorithms and algebraic algorithms. For algebraic

algorithms, in particular, my main objective is to develop good algorithms for algebraic problems

that appear in several areas of science and technology. Concretely, I have discovered algorithms

for isomorphism testing of algebraic structures such as groups, and for fundamental operations in

linear and bilinear algebra. For instance, one of my results (Ref. [6]) focuses on the complexity of

matrix multiplication, which is one of the main open problems in theoretical computer science, and

makes progress on this question.

Complexity theory is another central problem in theoretical computer science. Its goal is to

clarify the computational power of several computation models and prove their limitation (i.e.,

prove what they cannot compute). The most famous open problem in this field is the P̸=NP

conjecture, which was selected as a Millenium Problem by the Clay Institute. Recently, I am

especially interested in the computational complexity of distributed computing.

Quantum computing is a paradigm for computation based on the laws of quantum mechanics.

My most representative result is improving the quantum complexity of the triangle finding problem

(Ref. [7]). This problem, studied in the quantum setting for more than 15 years, asks to decide

whether a given n-node graph contains a triangle or not. While prior works found a quantum

algorithm with running time O(n9/7), my result further reduced the complexity to O(n5/4).
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Message to Prospective Students:

• My seminar for graduate research mainly focuses on quantum computation and quantum

information, but other topics in theoretical computer science (for instance, algorithms or

complexity theory) are also possible. Students can basically choose any topic related to those

subjects.

• The first months of research are devoted to studying textbooks. The choice of the textbook

depends on the subject and the students’ background. The following are often selected.

[1] Masahito Hayashi, Satoshi Ishizaka, Akinori Kawachi, Gen Kimura and Tomohiro Ogawa.

Introduction to Quantum Information Science. Springer, 2015.

[2] M. Nielsen and I. Chuang. Quantum Computation and Quantum Information. Cambridge

University Press, 2010.

• Students then start reading technical research papers and getting familiar with recent re-

search. After choosing an appropriate open problem (by discussing with me), they are ex-

pected to conduct original research.


