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Abstract Rapid progress has been made in recent decades in understanding the structure and function of
the brain. We have gained many insights and concepts on the workings of the brain, including the diversity
of cell types, their spatial distribution and connectivity within the brain, formation and plasticity of neural
connections, cellular and molecular basis of learning and memory, mechanism for converting short-term
info long-term memory, perceptual binding of multi-modal information, and circuit mechanisms for higher
cognifive functions such as attention, decision-making, social behaviors, and consciousness. Although much
remain to be learned, some basic principles of the brain could be introduced info the algorithms for
machine learning and architectures for artificial neural networks. Five directions for brain-inspired
construction of Al networks could be suggested: (1) diversification of neuronal types, (2) selective feedback
and lateral connections, (3) use-dependent formation and elimination of neuronal connections, (4)
consolidation and erasure of memories, (5) nested structure of neuronal groups or modules within the
network. Extensive use of spiking neural networks, faking advantages of sequence information associated
with spike timing, will greatly facilitate the deployment of brain network mechanisms. Besides inspiring the
design of more energy-efficient computing systems, there is an urgent need for comparative studies of
natural and artificial inteligences. With the forthcoming artificial general intelligence (AGI) that rivals or even
surpasses human intelligence, it will useful to develop brain science-based experimental approaches for
monitoring the emergence of various aspects of human-like intelligent behaviors in embodied Al systems.
These include emotion and feeling, empathy, theory of mind, cooperation and deception, metacognition,
self-consciousness, and system-derived goals, so that appropriate regulatory measures could be designed
fo prevent misaligned behaviors of Al systems. Furthermore, based on our understanding of the
development of intelligent and ethical behaviors of children, we need to design “educational” programs for
establishing ethics and moral conducts in Al systems that well-aligned with the needs of human society.
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