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B 1 (P28 RUR f0) ) FH i A4 I ot 2 27 24 o PRI L 25 T e P L 4R BOL DA 508 3 W/ i T R e 1, BT 5 11 i 2 B2 2 (2 A1 SC
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HEHENE, PR RIIARIEENE, AT 5 44 WA Ik DX AN B B, AR REUA T4 B KT

Figurel (Color online) Connectivity backbone and comparison of structural and functional connectivity (modified from ref. [37]). (a) The connectiv-
ity backbone between all pairs of n=998 ROIs. Labels indicating anatomical subregions are placed at the irrespective centers of mass. Nodes (individual

ROls) are coded according to strength and edges are coded according to connection weight. (b) and (c) Left and right lateral views of the connectivity
backbone. Node and edge coding asin (a). (d) Scatter plots for structural and functional connection saveraged over al five participants, for al anatom-

ical subregionsin both hemispheres
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Development of brain function theory and the frontier brain
projects

SHEN Zheng

School of Psychological and Cognitive Sciences, Peking University, Beijing 100871, China
E-mail: shenz@pku.edu.cn

The governments of several countries have funded frontier brain projects in recent years, which thus raises im-
portant questions about the brain and brain research. What have we known about brain function and the recent de-
velopment of brain function theory? How are the frontier brain projects developing? This article reviews the de-
velopment of brain function theories from an interdisciplinary perspective and introduces three frontier brain pro-
jects. The functions of the prefrontal cortex, especially, the medial prefrontal cortex, and the mirror neuron system
as well as default-mode network (DMN) have been extensively investigated since the beginning of the 21th century.
The findings have expanded brain functional systems from the specific nervous system and nonspecific reticular
system to four mgjor brain function systems including specific, nonspecific, socio-cognitive, and DMN systems.
The specific nervous system coordinates and cooperates with the nonspecific reticular system; the former represent
an efficiently reflective action to stimulation only when the later provides an adaptive arousal. A time sharing oper-
ating system consists of the DMN and socio-cognitive system with a 180-degree phase difference between the two
systems. The former performs any socio-cognitive task whereas the later only prepares for a new task. There is a
common principle between localization theory of brain function and equipotentiality theory of brain function which
applies to the four brain function systems.

There are four principles for neural information processing: the principle of simultaneous existence of digital
encoding and analog encoding, the principle of the simultaneous existence of multi-processing processes and mul-
ti-information streams, the principle of circular permutation and coupling between electrical transmit and biochem-
ical transmit in processing of neural information, and the principle of relevance between neural and genetic infor-
mation. The principles of brain functions based on protein are different from those of artificial machines based on
electricity. Artificial intelligent machines do not work as well as biological system in complicated ecological envi-
ronments, because due to the lack of the last two information processing principles.

The unique features of the human brain are manifested in the integration of biological and social attributes, and
its hierarchical modules as well as the containment among the modules. The uniqueness of human brain is not only
represented in the big prefrontal cortex but also the hierarchical modules that have been precipitated in different
time axes from 3.5 billion years of biological evolution to near 100 years of a person’slife span. The highest level is
individual’s social conscious module including the mirror neural system and the theory of mind module (ToOMM).
The unique modules are developed starting from the 4th year. The functional principle of the matured health human
brain is shaped by individuals' socio-cultural experiences. Either artificial intelligent machines or animal intelligence
lacks human socio-cultural environments, and thus the animal brain comprised of 3 hierarchical modules.

The three frontier brain projects that are respectively characterized by marcroscopic, microscopic, and
mesoscopic mapping include the brain connectome, brain activity map(BMP), and China Brain Project. Connectome
project studies both brain structural and functional networks based on brain imaging data. BMP explores molecular
or neuronal mechanisms of behavior based on new techniques in molecular biology and cell biology. China Brain
Project aims to fill out the gaps between macro- and microscopic investigating project, based on new technique, to
display a whole neuron connectome.

default-mode network (DM N), socio-cognitive neural system, gene, brain connectome, brain activity map, China
Brain Project

doi: 10.1360/N972017-00426
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