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Preface

Intelligence is currently the hottest word in our society. However, experts and
scholars in related fields have no agreed-upon definition for it. Although most of us
believe that our society is moving toward the era of intelligence, we are not sure
what can be called intelligence, where its starting point is, and what patterns its
occurrence and development follow. These questions appear to become a
prohibited area for research. More than one book on intelligence or artificial
intelligence (AI) warn us that no principles exist for intelligence. When I tell my
friends in this field that I am going to write a book on principles of intelligence, 1
can see doubts and concerns in their eyes. This makes me to be more cautious in
doing research on principles of intelligence and for which I should thank those
friends of mine. No matter how bumpy the road to exploring principles of
intelligence might be, I shall try my best to tackle this problem as if there were an
invisible hand pushing me and a voice urging me. Even if my research only lays

one pebble for this field of study, my efforts to it would not abate.

In over past 30 years, my pursuance of research in intelligence has been
intermittent but has never been abandoned. In 1984, I completed my master's thesis
titled "Rule-based automatic indexing of Chinese documents in science and
technology", which was essentially an expert system. At that time, however, I
knew very little about expert systems. Based on this essay, Applied for funding
for a doctoral research project from the Ministry of Education. As the principal

investigator, I worked with six lower class graduate students. This system received
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unanimously positive feedback. It is this experience that cultivates my interest in

artificial intelligence and expert systems.

After graduation, the nature of my work did not allow me to focus on research.
But I did not stop learning and thinking about the problem of intelligence. In 1990,
1 had time to edit a book titled "Expert systems and their applications in
management” which was published by Tsinghua University Press in 1991. Since
then, my personal interest in intelligence has not diminished. Instead I would read
related documents, take notes, and analyze research results and approaches of
different disciplines in order to determine the direction of intelligence research. In
May 2009, I gave a talk entitled “From mid-18th century to mid-22nd century:
Evolution of human civilization" at Sun Yat-sen University in Guangzhou. I predict
in the talk that the time in which people work for wages will not exceed 10 hours
per week. Robots will be the main workforce for material goods production,
shaping the modes of industrial and commercial production and daily life services.
All countries will have basically completed the reconstruction of such an industrial
system. "I also predicted that" with the development of intelligent technology,
biotechnology and information infrastructure, humans and non-biological
autonomy will coexist in various economic and social activities. The role of the
latter will continue to grow with the deepening of information civilization and
establish a structure of societal governance in the environment of multiple
intelligent autonomy. This constitutes an important task for the transition from
industrial civilization to information civilization as well as the touchstone for
testing the rationality and wisdom of mankind." In 2011, I delivered a speech titled
"Trilogy of information revolution: Emancipating human mind, extending human
intelligence, and intelligence independent of humans" at Baidu. In October 2015, 1
specifically talked about at the China Institute of Information Communications
why the next stage of societal development was the era of intelligence. I have also
been involving in the planning and implementation of some smart cities and

intelligent manufacturing projects since 2009. It is my research, observation,
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thinking and practice in over 30 years that forms the foundation of this book.

We now can see Al systems carrying out conversations, competing on the
same stage, playing chess, and accompanying humans to walk. Robots are in
charge of many jobs in production and service areas such as machinery processing,
graphic design, food making and serving, stock investment, patient diagnosis,
language translation, and speech recognition. The same or similar results or
behaviors are from different subjects (i.e., humans or non-biological autonomy)
using different modes of implementation. What relationships lie behind such
phenomena? Whether a unified theory of intelligence can be established? These are
the goals I have been pursuing for many years. Now that I am retired, I finally have
the time to immerse myself in this research in the past several years and

consequently have completed my book on the topic.

The book consists of seven chapters. Chapter | is a review of research in
fields related to intelligence, aiming to derive a definition of intelligence and
identify major factors that determine its occurrence and development. Chapter 2,
built on the basis of Chapter 1, defines intelligence, describes its major
components before setting a framework for further discussions. The framework
serves as a general outline for the theory of intelligence. Chapter 3 and Chapter 4
explain the evolution, development and use of intelligence based on the definition
and framework provided in Chapter 2. It also attempts to draw conclusions that are
of regularity. The analyses performed in these two chapters show that the theory of
intelligence I presented in Chapter 2 can fully explain the process of intelligence
evolution and development as well as the application and practice of various types
of intelligence up to present. Chapter 5 and Chapter 6 are further abstraction and
generalization of the main conclusions drawn in Chapter 3 and Chapter 4.
Specifically, Chapter 5 summarizes and analyzes the 10 logical features of
intelligence, from which 10 norms of intelligence are induced. Chapter 6 proposes
a semantics-processing-based computation.framework for intelligence on the basis

of Chapter 5. According to the conclusions of the previous six chapters, Chapter 7
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conducts schematic analyses of how human society pushes forward the evolution
of intelligence into its final stage. This chapter also depicts characteristics and key
paths of intelligence and its developmental rationality that concerns us. Chapters
5-7 are written on the basis of the theory of intelligence proffered in Chapter 2,

which illustrates the theoretical framework’s predictability.

Chapter 1 of this book provides a comprehensive and systematic description
of the major achievements of research on intelligence in related fields, which
serves as the foundation for the entire book. This chapter reviews the major
contributions of these fields from four different perspectives. First, it is about the
enlightenment brought to us by the pioneers of human civilization in their
understanding of spirit, soul and wisdom in the past thousands of years. Second,
from the perspective of evolution and development of biological intelligence, this
chapter presents research findings on biological intelligence from the fields of
evolutionary biology, basic life science, molecular biology, biochemistry, plant
physiology, animal behavior science, cognitive neuroscience, neuropsychology,
cognitive psychology, developmental psychology and more. Third, from the angle
of non-biological intelligence, I discuss the contributions made to intelligence
research from simple tools, non-digital machinery, computation tools, digital
devices, automation systems, artificial intelligence, logic, computation and other
domains respectively. Fourth, from the perspective of: cross-disciplinary study of
biological and non-biological intelligence, I analyze the research results
represented by mind research. Through the analyses and discussion from the above
four perspectives, some important patterns of the evolution and development of
biological intelligence are observed. The commonality shared between biological
and non-biological intelligence is also discerned. The findings from all those
disciplines and domains together provide a foundation for the definition and basic

framework of intelligence posed in Chapter 2.

Chapter 2 is the core of the present book. It is based on summarizing all the

research results of related fields that this chapter puts forward the definition,
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components and interrelations of intelligence. Chapter 2 functions as a general
outline for this book. Intelligence is such a real, objective existence. It has such a
close relationship with human survival and development. In addition, research on
intelligence spans thousands of years and there are countless research documents
about intelligence. Yet the debate on what intelligence is never ends. One school
insists that the intelligence is psychological or spiritual. However further research
inevitably finds material characteristics in the development of intelligence, and
such characteristics cannot be explained by spiritual mind. Another group insists
that intelligence is material. Nevertheless research on the topic would eventually
run into psychological or spiritual features of intelligence that cannot be explained
by today’s neuroscience and brain science. The study of mind attempts to go
beyond both the psychological/spiritual view and material view. But the
explicability and predictability of the third view is not good enough for all to

accept.

The definition for intelligence in this book is based on the one in The MIT
Encyclopedia of the Cognitive Sciences (MITECS) with slight adaptation:
"Intelligence is the subject’s abilities to adapt to, change and select the
environment." The subject here includes both organisms and non-organisms, which
is consistent with the MITECS’ definition. From this definition, I further define the
major components of intelligence: autonomy, function, information and
environment. The environment is an important external factor that affects the
evolution, development and use of intelligence. I also define what constitutes entity,
function and information. The definition, major components and composition of

intelligence together form the basic framework of intelligence theory.

Chapter 3 determines the starting point of intelligence, analyzes the first five
stages of intelligence evolution, and examines the development process and
characteristics of biological and non-biological intelligence. According to the
definition provided early, this book sets the starting point for intelligence to be the

first primitive life entity on earth. No matter how simple the intelligent entity is, it
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