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Professor Kenji Doya’s speech on

What Can We Further Learn from the
Brain for Al and Robotics

Professor Kenji Doya received his Ph.D. degree from
the University of Tokyo and is currently a professor
at the Okinawa Institute of Science and Technology
Graduate University (OIST).

His research interests include artificial intelligence,
deep learning, machine learning, neuroscience,
and robotics. He leads a neural computation team
dedicated to understanding how the brain or artificial
intelligence, as agents, can perform reinforcement
learning in unknown environments and further develop
robust and flexible algorithms for learning.

On February 13, 2023, Professor Doya was invited by
the College of Computer Science and the Institute of
Neuroscience to give a keynote speech on "What Can
We Further Learn From the Brain for Al and Robotics".
In his speech, Dr. Doya shared the history and
development of neuroscience and artificial intelligence
research. Many machine learning architectures can be
analogized with the biological properties of the brain,
such as the structure of neurons and perceptrons,
or the division of different brain regions for different
functions and module segmentation for different goals
in neural networks. Through these observations, the
high correlation between neuroscience and deep
learning can be discovered. Therefore, by approaching
research from the perspective of neuroscience, further
advancements can be made in the development
of artificial intelligence and robotics has become a
research topic.Among them, there are many similar
examples between the learning mechanism of the
brain in neuroscience and the reinforcement learning
in machine learning. For instance, the brain can be
regarded as a complex system of multi-agents with
different learning methods, the dopamine constraint
mechanism, the reward prediction of the basal ganglia
in the brain, and the principle of the deep Q network.
These examples demonstrate similarities that go
beyond their structural aspects."

The above examples once again demonstrate the
close relationship between neuroscience and the
development of artificial intelligence. Therefore, based
on the advancements in brain neuroscience, the
speaker shared with us the potential directions of Al
development and the current research topics. The
discussion primarily covers three main themes: energy
efficiency, data efficiency, and autonomy and sociality.
Building on the concept of biophysical computing,
researchers have developed neural morphology
chips that exhibit excellent energy efficiency through
distributed memory. Additionally, mental simulation
was proposed to utilize reconfigured pre-trained
predictive models and action strategies to aid learning,
as well as to leverage existing data. Lastly, similar to
human’s self-learning, the most promising research
direction at this stage would be artificial intelligence
that can independently discover new theories,
algorithms, or objectives. However, there are still
many issues that need to be carefully evaluated. For
example, whether the self-development of artificial
intelligence might violate current ethical standards and
whether it could be exploited by malicious individuals
for criminal purposes.

In addition to introducing the connection between
neuroscience, brain science, and reinforcement
learning, Prof. Doya also showcased some recent
research achievements in the field of autonomous
or social artificial intelligence led by his team. For
example, robots can exhibit responses to rewards that
resemble the risk assessment attitudes of different
personalities in humans. Furthermore, through
reinforcement learning, robots can actively adjust
their positions to accomplish specific tasks such as
walking or standing. These studies related to robot
behavior and decision-making serve as references and
foundation for developing more flexible and automated
artificial intelligence or robots that can adapt to
different environments.




