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§ 1. Summary of research results

The aim of our research is to develop the theory of Bayes—duality, and apply it to obtain
adaptive, robust, life~long learning Al systems. The goal for this year (Oct. 2021-Mar. 2022)
was to form an initial understanding and estimate difficulty of the projects, and also start a
few seed projects that will eventually lead to the achievement of our goals. But we exceeded

our expectations, and already start seeing good results from the projects we just started.

On theory side, the Bannai and Khan group worked on establishing fundamental connections
between Information Geometry and Bayes, leading to a result that could reveal the
“inherent” geometry of all Bayesian solutions. We also took the first few steps to bring in
tools of information geometry to design better algorithms for Bayes, and connect them to
those in optimization. The Khan group worked on using convex—duality on the Bayes
objective to draw surprising connections to robust deep—learning methods, which could bring
improvements in both the Bayesian and deep—learning communities. The Khan group made
progress on a paper laying out the foundations of the Bayes—duality principle. Finally, the
Khan and Yokota groups made significant progress on the application of Bayes duality,
specifically on the projects to understand and analyze the “memory” of deep—learning
models. We have made more progress than we originally planned for, and the results we have

so far exceed our expectations.
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§ 2. Research implementation system

(1) Khan Group
1) Principal investigator: Mohammad Emtiyaz Khan (Team Leader, Center for Al project,
RIKEN)

2) Research Items
— A new theory of duality for machine—learning
— A generalization of convex duality to non—convex problems
— New theoretical guarantees on generalization error of adaptive systems.
— Bayes—duality for knowledge representation
— Knowledge representation, Uncertainty, & architecture search
— Knowledge transfer

-  Knowledge collection

(2) Bannai Group
1) Principal Co-researcher: Kenichi Bannai (Professor, Faculty of Science and Technology,
Keio University)
2) Research Items

— A new theory of duality for machine—learning

(3) Yokota Group
1) Principal Co—researcher: Rio Yokota (Associate Professor, Global Scientific Information and
Computing Center, Tokyo Institute of Technology)
2) Research Items
— Bayes—duality for knowledge representation
- Knowledge representation, Uncertainty, & architecture search
— Knowledge transfer

—  Knowledge collection



