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Vision and Mission

About NTU

A great global university 

founded on science and 

technology, nurturing 

leaders and creating 

societal impact through 

interdisciplinary education 

and research.
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Leadership

Professor Ho Teck Hua
President and Distinguished University Professor

About NTU

Professor Christian Wolfrum
Deputy President and Provost
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Ranked Among the Best in the World

About NTU
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NTU 2025 Strategic Plan

Addressing humanity’s grand challenges:

➢ Mitigating our impact on the environment 

➢ Harnessing the science, art and technology of 

learning

➢ Addressing technology’s impact on humanity; 

➢ Responding to the needs and challenges of 

healthy living and ageing

NTU 2025 reinforces NTU’s strong 

commitment to the four core pillars 

of the University: 
  

• Education 

• Research 

• Innovation 

• Community

About NTU
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15-Year Sustainability Manifesto

Solidifying the University’s position

as a global leader in sustainability

➢ NTU’s sustainability manifesto goals: carbon neutrality by 2035, 

halve net energy utilisation and new sustainability courses 

➢ First university in the world to launch a sustainability-linked bond 

with an AAA credit rating from Moody’s

➢ Sustainable campus with eight zero-energy buildings, the most 

amongst organisations in Singapore

➢ Home to two of Asia's largest wooden buildings, Gaia and The 

Wave

➢ Winner of ISCN's Whole Systems Approach Excellence Award in 

recognition of sustainable practices in the areas of research, 

education, community engagement, and infrastructure 

developments

About NTU
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Main Campus

The NTU Smart Campus is a living testbed of tomorrow’s technologies and frequently 

named among the most beautiful campuses in the world. 

200 hectares 25 halls of residenceState-of-the-art-facilities

About NTU
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Medical Campus

Home to the Lee Kong Chian School of Medicine in Novena, Singapore’s healthcare district. 

The school aims to be a model for innovative medical education and a centre for 

transformative research.

School of Medicine Sports and recreation Learning and research

About NTU
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At a Glance

35,400 students 
24,800 undergraduates

10,600 postgraduates

faculty, researchers and

staff from 73 countries

8,000

300,900 alumni
representing 172 nationalities

About NTU



Nanyang Technological University

12(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)

Institute for 

Digital 

Molecular 

Analytics and 

Science 

College of 

Humanities, 

Arts & Social 

Sciences

Lee Kong 

Chian 

School of 

Medicine

National

Institute of

Education

RSIS

College of

Science

Singapore 

Centre for 

Environmental 

Life Sciences 

Engineering

Nanyang
Business
School

6
Colleges

15
Schools

Earth

Observatory

of Singapore

NTU 

Entrepreneurship 

Academy

College of 

Engineering

Graduate

College

NTU 

Academy for 

Professional 

and 

Continuing 

Education 

Energy 

Research 

Institute 

@NTU

Nanyang 

Environment & 

Water 

Research 

Institute

At a Glance

World-class institutes 

& research centres

College of 

Computing and 

Data Science

About NTU
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NTU Academy for Professional and Continuing Education

➢ Consolidates continuing education and 

training capabilities and expertise within 

the University

➢ Enriches the lifelong learning experience 

of adult learners, including the 

University’s alumni, making it easier for 

them to take charge of their own 

continuing education

➢ The FlexiMasters programme for 

continuing education at the Master’s 

degree level, launched in 2020, has 

grown to more than 35 curricular 

offerings from all parts of the University

About NTU
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Global Alliance of Industries @ NTU

• Catalysing new university-industry partnerships through multiple 

consortia, corporate laboratories, multidisciplinary institutes and 

technology invention disclosures

• Over 250 industry partners and 20 corporate and joint labs with 

global entities such as Alibaba, Continental, Hewlett-Packard, 

Nanofilm Technologies, Rolls-Royce and Schaeffler

About NTU
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Top Industry Partners 

About NTU
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Top Academic Partners 

Australian National UniversityNortheastern University

Imperial College London Karolinska Institute 

University of TorontoIndian Institute of Technology, Madras

UC Berkeley

Tsinghua University

TUM

University of British Columbia

Seoul National University

University of Pennsylvania

About NTU
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School of Mechanical & Aerospace Engineering

Design, Machine, Control, Intelligence
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ABOUT SPEAKER
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Professor Xie Ming has been:

• Dean/Professor, School of Electrical Engineering and Control 

Science, Nanjing Tech University, China.

• Guest Professor, Huazhong University of Science and 

Technology, China.

Professor Xie Ming is now:

• President, Robotics Society of Singapore

• Editor-in-Chief, International Journal of Humanoid Robotics.

• Associate Professor, Nanyang Technological University, 

Singapore.

Professor Xie Ming has published:

• Three books in English

• Two edited books in English

• Two books in Chinese

• Over 40 International Journal Papers

• Over 100 International Conference Papers

Professor Xie Ming has received many awards and over 10 

granted patents.
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Ming XIE
Associate Professor (1999 - present) 
http://personal.ntu.edu.sg/mmxie

Knowledge

Discovery

Technology

Invention

Product

Innovation

Social

Service

1984: B.Eng (China)

1986: Msc (France)

1989: Ph.D (France)

(Robot Driver)

(Robot Worker)

Teaching Portfolio

1. Sensors

2. Robotics

3. Microprocessors

4. Machine Intelligence

2003

2008

2004 2010

2021

Recipient of

Chinese Government’s

Overseas Scholarship

(1984 - 1989)
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Cognitive
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Motion
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Small-sized Humanoid Robot Medium-sized Humanoid Robot

Full-sized Humanoid Robot
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Some Demonstrations …
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WARM UP QUESTIONS …
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Warm-Up Question 1

• Which one of the following two systems is the  

generator of Artificial Intelligence?

– A) Artificial Brain 人工大脑

– B) Artificial Mind 人工识觉

（人工智能? 人工心智?）
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Warm-Up Question 2

• Which one of the following four termonologies is 

a synonym for Learning?

– A) Cognition

– B) Optimization

– C) Tuning

– D) Calibration
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Warm-Up Question 3

• Which one of the following four transformations 

is not a process of Authentic AI?

– A) Signal to Signal

– B) Signal to Knowledge

– C) Knowledge to Knowledge

– D) Knowledge to Signal
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Authentic AI versus Fake AI

Sensory

Signals

One

Knowledge
Another

Knowledge

Motor

Signals
Fake AI

Authentic AI

Authentic AI

Authentic AI
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Warm-Up Question 4

• Which one of the following two theories 

empowers the achievement of Automation?

– A) Control Theory

– B) Mind Theory (or AI Theory)
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Warm-Up Question 5

• Which one of the following two theories 

empowers the achievement of Autonomy?

– A) Control Theory

– B) Mind Theory (or AI Theory)



Nanyang Technological University

32(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)

Automation versus Autonomy

Systems

Under Control

Actual

Workspace

Control

Modules

Sensory

Modules

Planning

Modules

Digital

Workspace

User’s 

Instructions

+

-

Perception

Modules

Automation / Control Loop

Autonomy / AI Loop
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AI is the mental capability of a system 
which consists of …

SensingPerception

Decision Action

Physical

World

Conceptual

Worlds

RandomnessFuzziness
Planning Control

AI Loop
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The true nature of AI could be easily 
understood from Chinese language …

• 从哲学的角度来讲，智能是识与觉所展示出来的能力。就
我们人类而言，我们的识与觉包含： 1.眼识（视觉）、
2.耳识（听觉）、3.身识（触觉）、4.鼻识（嗅觉）、5.
舌识（味觉）、6.意识（醒觉）、7.我识（末那识、自觉
）、8.藏识（阿赖耶识、圆觉） 。

• 从科学的角度来看，智能是一个系统所展示的能力。它包
含：1.这个系统的输入(可以被感知的信号), 2.这个系统
的输出(含两部分：一是从可以被感知的信号中获取的知
识，二是从指令型知识中产生的可以控制行为的信号)。
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Key Takeaways …

• What is Brain?

– It is a system which provides a) computation, b) memory 

and c) interface to sensory systems as well as actuation 

systems.

• What is Mind?

– It is a system which could transform: a) signals to 

knowledge, b) knowledge to knowledge and c) knowledge 

to signals.

• What is Intelligence?

– It is the capabilities of Mind, which are supported by Brain.

• What is Artificial Intelligence?

– It is the capabilities of Artificial Mind, which are supported 

by Artificial Brain.

"什么是智能？由知、识、觉、思、行产生的综合能力", - 谢 明
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Outline of Today’s Talk

• Old Foundation of 

Artificial Intelligence

• New Foundation of 

Artificial Intelligence

• Discussions and 

Conclusions

Science of Mind
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Outline of Today’s Talk

• Old Foundation of 

Artificial Intelligence

• New Foundation of 

Artificial Intelligence

• Discussions and 

Conclusions

Science of Mind
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SPECIAL PATTERN OF 
AI HISTORY
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First AI

Winter

Second AI

Winter

Expert

Systems

Turing

Test

AlphaGo

1997

First Chatbot

ELIZA

History of Artificial Intelligence or 
Intelligent Mind 

Big Question: 

Does intelligence 

arise from brain 

or mind?
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Special Pattern of AI’s History

AI 1.0 (Machine Thinking) (机器思考)

AI 2.0 (Machine Learning) (机器学习)

AI 3.0 (Machine’s Self-Intelligence) (机器内智) (自具之智，人赋)2009

2000

1956
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DARPA’s Viewpoints 
(Wave 1)

2017.2
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DARPA’s Viewpoints 
(Wave 2)

2017.2

(Still hand-crafted)
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DARPA’s Viewpoints 
(Wave 3)

2017.2
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China’s Viewpoints (AI 2.0)
2017-6
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What are the root causes behind 
such pattern of history?

AI 1.0 (Machine Thinking) (机器思考)

AI 2.0 (Machine Learning) (机器学习)

AI 3.0 (Machine’s Self-Intelligence) (机器内智) (自具之智，人赋)2009

2000

1956
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ROOT CAUSE NO.1
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AI Researchers’ Ignorance About 
Biological Manufacturing …

• Development is a long process of biological manufacturing.

• Development of brain has nothing to do with design of mind.

Root Cause 1
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Example of Biological Manufacturing
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ROOT CAUSE NO.2
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What is the astonishing hypothesis?

• The Astonishing Hypothesis is a 1994 book 

by scientist Francis Crick about consciousness. 

Crick, one of the co-discoverers of the 

molecular structure of DNA, later became a 

theorist for neurobiology and the study of 

the brain.

• The Astonishing Hypothesis is mostly 

concerned with establishing a basis for 

scientific study of consciousness.

• However, Crick places the study of 

consciousness within a larger social context. 

Human consciousness according to Crick is 

central to human existence and so scientists 

find themselves approaching topics traditionally 

left to philosophy and religion.

He made suggestion that by analyzing 

brain’s signals, one should be able to 

discover the details of mind or soul.

Root Cause 2

https://en.wikipedia.org/wiki/Francis_Crick
https://en.wikipedia.org/wiki/Consciousness
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Neurobiology
https://en.wikipedia.org/wiki/Brain
https://en.wikipedia.org/wiki/Philosophy
https://en.wikipedia.org/wiki/Religion


Nanyang Technological University

51(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)

ROOT CAUSE NO.3
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What is the most influential book in AI?

• It is used in over 1400 universities 

worldwide and has been called "the most 

popular artificial intelligence textbook in 

the world". It is considered the standard 

text in the field of artificial intelligence.

• The editions of the book include:

– 1st Edition，904 pages, 1995

– 2nd Edition，1043 pages, 2003

– 3rd Edition, 1093 pages, 2010

– New Edition, 1152 pages, 2021

The book considers that robotics is part of AI

Root Cause 3
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ROOT CAUSE NO.4
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Inappropriate Definition of 
Artificial Intelligence …

• Many people believe that Artificial 

Intelligence refers to computer-aided 

human intelligence, which aims at 

programming human ways of doing 

perception, planning and action.

• Computer-aided Intelligence is not 

equal to Computer Intelligence!

Root Cause 4a



Nanyang Technological University

55(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)

What was the contribution from Deep 
Blue project?

• Deep Blue was a chess-playing 

computer developed by IBM. It 

is known for being the first 

computer chess-playing system 

to win both a chess game and a 

chess match against a reigning 

world champion under regular 

time controls.

• Deep Blue won its first game 

against a world champion on 10 

February 1996, when it defeated 

Garry Kasparov in game one of 

a six-game match.

Root Cause 4b

https://en.wikipedia.org/wiki/Computer_chess
https://en.wikipedia.org/wiki/Computer_chess
https://en.wikipedia.org/wiki/Computer_chess
https://en.wikipedia.org/wiki/Computer_chess
https://en.wikipedia.org/wiki/IBM
https://en.wikipedia.org/wiki/Garry_Kasparov
https://en.wikipedia.org/wiki/Deep_Blue_-_Kasparov,_1996,_Game_1
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What was the contribution from Alpha 
Go project?

• AlphaGo is a computer program that 

plays the board game Go.It was 

developed by Alphabet Inc.'s Google 

DeepMind in London.

• In October 2015, AlphaGo became 

the first computer Go program to beat 

a human professional Go player 

without handicaps on a full-sized 

19×19 board. 

• In March 2016, it beat Lee Sedol in a 

five-game match, the first time a 

computer Go program has beaten a 9-

dan professional without handicaps.

Root Cause 4c

https://en.wikipedia.org/wiki/Computer_program
https://en.wikipedia.org/wiki/Board_game
https://en.wikipedia.org/wiki/Go_(game)
https://en.wikipedia.org/wiki/Alphabet_Inc.
https://en.wikipedia.org/wiki/Google_DeepMind
https://en.wikipedia.org/wiki/Google_DeepMind
https://en.wikipedia.org/wiki/Computer_Go
https://en.wikipedia.org/wiki/Professional_Go_player
https://en.wikipedia.org/wiki/Go_handicaps
https://en.wikipedia.org/wiki/Lee_Sedol
https://en.wikipedia.org/wiki/AlphaGo_versus_Lee_Sedol
https://en.wikipedia.org/wiki/AlphaGo_versus_Lee_Sedol
https://en.wikipedia.org/wiki/AlphaGo_versus_Lee_Sedol
https://en.wikipedia.org/wiki/AlphaGo_versus_Lee_Sedol
https://en.wikipedia.org/wiki/Go_ranks_and_ratings
https://en.wikipedia.org/wiki/Go_ranks_and_ratings
https://en.wikipedia.org/wiki/Go_ranks_and_ratings
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ROOT CAUSE NO.5
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People still believe that Intelligence 
arises from brain …

Root Cause 5a
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USA’s Brain Initiative …

• In April 2013, the President announced the 

launch of the BRAIN (Brain Research 

through Advancing Innovative 

Neurotechnologies) Initiative® – a bold, new 

initiative focused on revolutionizing our 

understanding of the human brain.

• The initiative will accelerate the development 

and application of new technologies that will 

enable researchers to produce dynamic 

pictures of the brain that show how individual 

brain cells and complex neural circuits 

interact at the speed of thought. These 

technologies will open new doors to explore 

how the brain records, processes, uses, 

stores, and retrieves vast quantities of 

information, and shed light on the complex 

links between brain function and behavior.

Root Cause 5b
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Europe’s Brain Project …

• The Human Brain Project (HBP) is one of 
the three FET (Future and Emerging 
Technology) Flagship projects. 

• Started in 2013, it is one of the largest 
research projects in the world . More than 
500 scientists and engineers at over than 
140 universities, teaching hospitals, and 
research centres across Europe come 
together to address one of the most 
challenging research targets – the 
human brain.

• The Human Brain Project aims to put in 
place a cutting-edge research 
infrastructure that will allow scientific 
and industrial researchers to advance our 
knowledge in the fields of neuroscience, 
computing, and brain-related medicine.

Root Cause 5c



Nanyang Technological University

61(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)

China’s Initiative …

(to continue …)
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2014.6.9
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ROOT CAUSE NO.6
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Fake AI: Is Deep Machine Tuning equal 
to Deep Machine Learning? (from MIT)

Root Cause 6a
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Example of Machine’s Fake Learning

Salad made of avocado
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Another Example of Machine’s Fake Learning
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Fake AI: (from a talk by NUS)Root Cause 6b
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……

Root Cause 6c

Fake AI: One Illustration of 
Convolution
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Fake AI: One Illustration 
of Transformer

Root Cause 6d
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Fake AI: One Illustration 
of Transformer (continued …)

Root Cause 6e
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Huge Investment Wasted to FMs …

Deep ANN
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Huge Investment Wasted to LLMs …
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HOW TO CLEAN UP 
MISCONCEPTIONS IN AI?
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How to avoid stupidity in AI?

Why to name Text Models as Language Models?

Does Intelligence arise from neural systems?
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Mathematics Behind the Buzz Words “Foundation 
Models (FM)” or “Large Language Models (LLM)” 
…

Single Hidden Layer
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Speech on 18 October 2023
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Singapore’s AI Strategy 2.0
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NTU’s AI-Related Position Statement No. 1:
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NTU’s AI-Related Position Statement No. 13:
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Outline of Today’s Talk

• Old Foundation of 

Artificial Intelligence

• New Foundation of 

Artificial Intelligence

• Discussions and 

Conclusions

Science of Mind
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Old Definitions of Artificial Intelligence

AI 1.0: Machine Thinking

• Artificial intelligence 

refers to computer-aided 

human intelligence, which 

aims at programming 

human ways of doing 

reasoning, inference and 

decision-making.

• Computer-aided 

Intelligence is not equal 

to Computer Intelligence!

AI 2.0: Machine Learning

• Artificial intelligence 

refers to computer-aided 

human intelligence, which 

aims at programming 

human ways of doing 

learning of knowledge 

about truths and skills.

• Computer-aided 

Intelligence is not equal 

to Computer Intelligence!
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What should be the new paradigm in AI?

Old: Bottom-up Evolution

• Mind Is What Brain Does

• Mind Comes from Evolution

• Development without  Design

• Computer-aided Intelligence

• Tuning Is Learning

New: Top-Down Design

• Mind Is Not Brain

• Mind Comes from Design

• Production after Design

• Self-Intelligence

• Tuning Is Not Learning
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New Outlook of Body-Brain-Mind

Body Brain Mind

- Action
- Reaction

- Memory
- Computation

- Cognition
- Recognition

Last Frontier in Science: “Science of Mind”

How to design machine’s mind?

身体 大脑 识体

• Soul

• Life
Coarse Mind

第1-6识觉
Subtle Mind

第7识觉
Deep Mind

第8识觉
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What is body?

• A body is a motion system which could undertake action and 

reaction.

Body Brain Mind

- Action
- Reaction

- Memory
- Computation

- Cognition
- Recognition

身体 大脑 识体
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What is brain?

• A brain is a computing system which could undertake computation  

and memorization.

Body Brain Mind

- Action
- Reaction

- Memory
- Computation

- Cognition
- Recognition

身体 大脑 识体
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What is mind?

• A mind is a knowledge system which could undertake cognition and 

recognition.

Body Brain Mind

- Action
- Reaction

- Memory
- Computation

- Cognition
- Recognition

身体 大脑 识体
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Astonishing Truth Between Brain and Mind …

• Energy -> Signal -> Data -> Big Data -> Big Intelligence
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Astonishing Truths 
Between Brain and Mind 
…

• Life never dies

• Life reincarnates

• One body has one brain

• One brain could house different minds
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Astonishing Truths 
Between Brain and 
Mind …

• Life never dies

• Life reincarnates

• One body has one brain

• One brain could house different minds

• One mind has multiple settings
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How to make machines to learn?

• In my book published in 2003, I said that 

the necessary condition for a machine to 

be able to learn is to be educable.

• How much promise remains for 
entrepreneurs? Plenty, Gates insisted 
during a tour of several top universities 
in 2004. In a stop at MIT, a student asked 
Gates if another tech company could ever 
match Microsoft’s success. “If you invent 
a breakthrough in artificial 
intelligence so machines can learn,” he 
responded, “that is worth 10 
Microsofts.”

How to design educable robots or machines?

AI 3.0
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What should be the new foundation of AI?

• The foundation of Artificial 

Intelligence should be 

machine’s self-intelligence, 

which aims at discovering 

and implementing the 

principles behind the 

transformations from 

signals to cognitive states 

of knowing the meanings 

inside the signals.

AI 3.0
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New Foundation of Artificial Intelligence

Physical World

Human Languages

Conceptual Worlds

Properties Constraints

Knowledge

Natural Sciences Social Sciences

Human Intelligence

Computer-Aided Intelligence
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• One Tool

• Two Worlds

• Three Intelligences

• Four Pillars

• Signal to Knowledge

• Knowledge to Knowledge

• Knowledge to Signal

识蕴

行蕴

想蕴

受蕴

色蕴

AI 3.0
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KNOWLEDGE 
REPRESENTATION

大知识模型

Pillar No. 1 of Artificial Intelligence
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Large Knowledge Model: KnowNet

Creation of Concept-Physical Knowledge

Constraint Networks

Topic Network

Concept Network

Sentence Network

Phrase Network

Constraint Networks

Episode  Network

Event Network

Interaction Network

Relation Network
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Word

Constraints

List of Entities

Properties Constraints

Conceptual World Physical World

Who What What Where When How Who What What Where When How

Entity

Space-Vector-Time Space-Vector-Time

BehaviorsUsages

Space-Vector-TimeSpace-Vector-Time

Encoding          Decoding
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SIGNAL-TO-KNOWLEDGE 
TRANSFORMATION

从感知到心识的能力

Pillar No. 2 of Artificial Intelligence
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Typical Scenario of Transforming 
Signals to Knowledge …

Cognition

Sensing Audio SignalsAudio Signals

Visual Signals
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KNOWLEDGE-TO-
KNOWLEDGE 
TRANSFORMATION

从心识到心识的能力

Pillar No. 3 of Artificial Intelligence
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Typical Scenario of Transforming 
Knowledge to Knowledge …

Case for Robot Hand

• For example, a motion may 

require a robot arm to move its 

hand from the current pose at 

rest to a final pose at rest. How 

to determine:

Case for Mobile Base

• For example, a mobile robot may 

enter a parking lot from its initial 

pose at rest and stops at the parking 

lot after the parking is 

accomplished. How to determine:
[𝑥 𝑡 , 𝑦 𝑡 , 𝑧 𝑡 , 𝜃 𝑡 ]

[𝑣 𝑡  𝜃 𝑡 ] [𝑣𝑙 𝑡  𝑣𝑟 𝑡 ]or

• Rest to Velocity

• Velocity to Velocity

• Velocity to Rest

Output Knowledge of  

Three Trajectories
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KNOWLEDGE-TO-SIGNAL 
TRANSFORMATION

从心识到行为的能力

Pillar No. 4 of Artificial Intelligence
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Typical Scenario of Transforming 
Knowledge to Signals …



Nanyang Technological University

102(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)

NEW THEORY OF AI
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New Book in Artificial Intelligence
February 2021
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What should be the new framework of AI?

Conceptual Worlds

Physical World

Sensory

Signal

Knowledge Knowledge

Motor

Signal
Inner Control Loop

Outer AI Loop

识蕴

色蕴

行蕴

想蕴

受蕴

Consciousness

What is consciousness?

It is the state of being 

aware of and responsive 

to one’s surroundings.

https://www.google.com.sg/search?sca_esv=7786c63c048a012b&sxsrf=ADLYWII-R1dBnZ8vzLF4-oxw40RgoMYhYA:1729814326904&q=surroundings&si=ACC90nxgkPHmtVkpPj_lUgtQ0AenmKpoJSNlIz-38C231L99TbH71WbhcpWA_0PZzchIcuDrYl9oFGQUakWPmOXFUA9os5BncruntdvLwdp2AgiasN06f_Y%3D&expnd=1&sa=X&ved=2ahUKEwiZ4-3DnKiJAxWhRmwGHb1qM3cQyecJegQIExAO
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What should be the new definition of AI?

Definition of AI 3.0

• Artificial intelligence refers 

to any machine’s mental 

capabilities of acquiring, 

representing, memorizing, 

transforming, transferring, 

and applying knowledge 

about truths and skills.

Learning = Representation + Memorization

Knowledge = Statics (Truths) + Dynamics (Skills)
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What should be the new blueprint of AI systems, 
AI machines or AI products?

Energy Flow

Material Flow

Signal Flow

Knowledge Flow

Data Flow Motion Flow

Machine ThinkingMachine Learning Large Model of 

Knowledge Base

❖ AI machines ❖ AI products❖ AI systems
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Conceptual Worlds

Inner Control Loop

Outer AI Loop
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What should be the new way of evaluating the levels of 
intelligence from AI systems, AI machines or AI products?

𝐼𝑛𝑡𝑒𝑙𝑙𝑖𝑔𝑒𝑛𝑐𝑒 =
1

𝑇𝑖𝑚𝑒 𝑇𝑎𝑘𝑒𝑛 𝑓𝑜𝑟 𝑎 𝑇𝑎𝑠𝑘 Old Turing Test

• My suggestion is to advocate the following better version of test:

• Define intelligence as being a metrics which is inversely proportional 

to the time taken by an intelligent entity to complete a given task such 

as writing, reading, talking, making, playing, etc.
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What should be the new 
pattern of AI history?

Third 
Generation 
of Artificial 
Intelligence

Second 
Generation 
of Artificial 
Intelligence

First 
Generation 
of Artificial 
Intelligence

Inference and Reasoning

1943-1956

John McCarthy

Marvin Minsky

Nathaniel Rochester

Claude Shannon

1956 Dartmouth Workshop

Development and Learning

1992-2000

John Weng

James McCelland

Alex Pentland

2000 MSU Workshop

Language and Cognition

2003-2009

Ming Xie

2009 IJHR Paper

AI’s

Foundation

2010

• AI 1.0 Machine Thinking

• AI 2.0 Machine Learning

• AI 3.0 Machine Self-Intelligence
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Impacts of AI 3.0 to Our Modern Life

• Vision-centric Intelligence and Its Applications

• Speech-centric Intelligence and Its Applications

• Planning-centric Intelligence and Its Applications

• Control-centric Intelligence and Its Applications

• Data-centric Intelligence and Its Applications

• Design-centric Intelligence and Its Applications

Knowledge

Skill

Creativity How to creatively use data to achieve better outcomes?

How to creatively use knowledge to design better products?

From MAT (Machine-Aided Translation) to MT*

From CAD (Computer-Aided Design) to CD*
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Exampel of AI Glasses



Nanyang Technological University

111(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)

Example of AI Earphones
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Outline of Today’s Talk

• Old Foundation of 

Artificial Intelligence

• New Foundation of 

Artificial Intelligence

• Discussions and 

Conclusions

Science of Mind
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Dilemma before 15th Century

In the study of astronomy, one of the biggest dilemma was about the 

center of the solar system:

• Hypothesis 1 (Geo-centrism): Earth is the center of the solar system.

• Hypothesis 2 (Helio-centrism): Sun is the center of the solar system.

Nicolaus Copernicus

(1473 - 1543)

(e.g., What is 昆仑? Point of Sunrise? Point of Sunset?)
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Dilemma before 21th Century

In the study of artificial intelligence, one of the biggest dilemma was 

about the origin of intelligence:

• Hypothesis 1 (Brain-centrism): Brain is generator of intelligence.

• Hypothesis 2 (Mind-centrism): Mind is generator of intelligence.

2021
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It is an Interesting Parallel in History …

Earth-Sun Relationship

• Nicolaus Copernicus was an 
astronomer who proposed a 
heliocentric system, that the 
planets orbit around the Sun; 
that Earth is a planet which, 
besides orbiting the Sun 
annually, also self-rotates 
once daily on its own axis. Sun 
is at the center of the 
universe, but not Earth which 
orbits the Sun.

Brain-Mind Relationship

• Brain provides hardware 
support to the functionalities 
of Mind. Brain’s primary 
functions are computation and 
memorization (or storage), 
while Mind’s primary 
functions are cognition and 
recognition. Mind is at the 
root of natural or artificial 
intelligence. Intelligence arises 
from Mind directly, but not 
Brain which supports Mind.
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What is our mission on Earth?

• (1) to understand the world, and 

• (2) to improve the world?
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How to fulfill our missions on Earth, which include: 
(1) to understand the world, and 
(2) to improve the world?

Research comes first:

• What is research? What are the 1,2,3 of 

research?

Discovery Invention

Manufacturing

(Products)

(Theories) (Technologies)

Three Outcomes:

1. Creation of Better Theories

2. Creation of Better Technologies

3. Creation of Better Products

Two Driving Forces of Research

1. Scientific Problems

2. Social Needs

One Objective:

1. Research has one objective 

which is to create values by 

finding better ways of solving 

problems.
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How to understand the universe?

• If you wish to understand the secrets of the 

universe, think in terms of energy, frequency 

and vibration. – Nikola Tesla
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How to understand the world?

• If you wish to understand the world, think 

in terms of systems, devices and 

materials – Ming XIE

• If you wish to understand the meanings 

of the world, think in terms of space (空), 

vector (色) and time (无常)? - Ming XIE

Medium-sized Humanoid Robot
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How to improve the world?

Life-Integrated 

Society

Tool-Integrated Society

Machine-Integrated Society

Computer-Integrated Society

Internet-Integrated Society

AI-Integrated Society

Robot-Integrated Society
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How to improve the world?

• To invent smarter products, 

• To invent smarter systems, and

• To invent smarter machines.
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Q1: Why are we inventing machines?

延伸人类的体能

• 标志性理论
– 空气动力学

• 标志性产品
– 飞行器

• 标志性产业
– 航空航天产业

延伸人类的智能

• 标志性理论
– 人工智能学

• 标志性产品
– 智能软件

• 标志性产业
– 信息数据产业

To extend our physical capabilities To extend our mental capabilities

Aerodynamics Theory

Aircraft Products

Aerospace Industry Big and Smart Data Industry

Smart Software Products

AI Mind Theory
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Q2: Could machines’ bodies 
outperform human beings’ bodies?
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Q3: Could machines’ brains 
outperform human beings’ ones?
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Q4: Could machines’ minds outperform 
human beings’ minds?

Smart Robot
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Q5: Could Artificial Intelligence help 
kids to happily grow human intelligence 
through incremental learning?
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Q6: What is intelligence?

My answer:

• Intelligence is the mental ability of transforming 

sensory signals to knowledge, knowledge to 

knowledge, and knowledge to motor signals.

• Intelligence is inversely proportional to the time 

taken for the accomplishment of any given task.

𝐼𝑛𝑡𝑒𝑙𝑙𝑖𝑔𝑒𝑛𝑐𝑒 =
1

𝑇𝑖𝑚𝑒



Nanyang Technological University

128(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)

什么是知识？(cognition + recognition)

• 狭义的知识是指可被知、可被识的对象。

• 广义的知识是指知识系统，它包含：可被知与可
被识的输入，感知与心识，以及由感知与心识产
生的输出。

知识系统
（感知 + 心识）

可被知的对象

可被识的对象 心识的输出

感知的输出

认知

识别
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New Definition of Intelligence
• Intelligence refers to the mental capabilities of undertaking mental activities 

such as: to cognize, to recognize, to think, to plan, and to act.

Intelligence

To 
cognize

To 
recognize

To thinkTo plan

To act

"什么是智能？由知、识、觉、思、行产生的综合能力", - 谢 明
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什么是智能？

• 获取和应用知识的能力，即：

– 从感知到心识的能力。

– 从心识到心识的能力。

– 从心识到行为的能力。

智能系统
（色-受-想-行-识）

可被知的对象

可被识的对象 行为的输出

知识的输出
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Q7: What is learning and knowledge?

My answer:

• Learning is a mental process in which repeatable, 

re-usable and transferrable knowledge is being 

represented and memorized.

• Knowledge refers to the properties, constraints and 

behaviors of an entity and a system.

Knowledge = Statics + Dynamics
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Q8: Will AI face a third wave?

Will this wave occur?
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Pessimistic View …
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With the Rise of Robotics …
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Example of AI-Driven Robot …
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More Example of AI-Driven Robot …
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Robotics Will Drive the Development of AI

Robot Control
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Robot Mind
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Task Space Joint Space

Kinematics

Desired

Motions

Robot Intelligence

• Talking

• Seeing

• Reading

• Thinking

• Composing

Robot Body

How to program motions?

How to perform motions?

How to control motions?

How to simulate motions?

How to simulate motions?
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AI will now undergo its steady growth …

Physical World

Human Languages

Conceptual Worlds

Properties Constraints

Knowledge

Natural Sciences Social Sciences

Human Intelligence

Computer-Aided Intelligence
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• One Tool

• Two Worlds

• Three Intelligences

• Four Pillars

• Signal to Knowledge

• Knowledge to Knowledge

• Knowledge to Signal

识蕴

行蕴

想蕴

受蕴

色蕴
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Summary of Today’s Talk

• Old Foundation of 

Artificial Intelligence

• New Foundation of 

Artificial Intelligence

• Discussions and 

Conclusions

Science of Mind
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Thank You for Listening!

“Ask not what your country can do for you – ask what you can do for 
your country,” - John F. Kennedy

“Do not think that you are needy – think that you are needed in the 
world”, - Manis Friedman

“Study will make you knowledgeable, resourceful, and hence more 
needed”, - Xie Ming
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