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Nanyang Technological University

Vision and Mission

A great global university
founded on science and
technology, nurturing
leaders and creating
societal impact through
interdisciplinary education
and research.
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Nanyang Technological University

Leadership

Professor Ho Teck Hua
President and Distinguished University Professor

Professor Christian Wolfrum
Deputy President and Provost
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Nanyang Technological University

Ranked Among the Best in the World
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Ranked Among the Best in the World
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NTU 2025 Strategic Plan

NTU 2025 reinforces NTU’s strong Addressing humanity’s grand challenges:

commitment to the four core pillars e s . :
. . » Mitigating our impact on the environment
of the University:

. » Harnessing the science, art and technology of
Education learning

Research _ . _
: L = > Addressing technology’s impact on humanity;
Innovation ° =

Community

Py

&
S

» Responding to the needs and challenges of
healthy living and ageing
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Nanyang Technological University

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
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Nanyang Technological University

|

200 hectares State-of-the-art-facilities 25 halls of residence

The NTU Smart Campus is a living testbed of tomorrow’s technologies and frequently
named among the most beautiful campuses in the world.
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Nanyang Technological University

Medical Campus

y
Z1
~ ﬂ/f > , ll l'_.
School of Medicine Learning and research Sports and recreation

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.

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



Nanyang Technological University

At a Glance

35,400 students

24,800 undergraduates
10,600 postgraduates

8,000

faculty, researchers and
staff from 73 countries

300,900 alumni

representing 172 nationalities
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Nanyang Technological University

At a Glance
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Nanyang Technological University

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
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Global Alliance of Industries @ NTU

Global Alliance of Industries @ NTU

Connect
Collaborate . . . . : .
Co-Innovate « Catalysing new university-industry partnerships through multiple
consortia, corporate laboratories, multidisciplinary institutes and
Sy A . . .
g‘ = " technology invention disclosures
\, y

* 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
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Top Industry Partners
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Nanyang Technological University

ABOUT SPEAKER
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Nanyang Technological University

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 Roboaotics.

» 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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Nanyang Technological University

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

2003

FUNDAMENTALS OF

ROBOTICS

Ming Xie

Product
Innovation
. (Robot Driver)

1984: B.Eng (China) Technology

1986: Msc (France) invention  (Robot Worker)
1989: Ph.D (France) "Teaching Portfolio

Knowled
Recipient of | D?;‘g’ferge 1. Sensors
Chinese Government’s 2. Robotics

Overseas Scholarship 3. Microprocessors

(1984 - 1989) 4. Machine Intelligence ~

2004

Social
Service

2010

RSS

Robotics Society of Singapore

2021

NEW FOUNDATION OF
ARTIFICIAL
INTELLIGENCE

Ming Xie
Hui Chen
Zhencheng Hu

B world scientific
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Nanyang Technological University

Research
Focuses

Cognitive
Vision

Intelligence

&
Motion

Intelligent
Control
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Medium-sized Humanoid Robot



Some Demonstrations ...
"/




Nanyang Technological University

WARM UP QUESTIONS ...
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Nanyang Technological University

Warm-Up Question 1

* Which one of the following two systems is the

generator of Artificial Intelligence?
(ATERE? ATILE?)

— A) Artificial Brain AT B

— B) Atrtificial Mind A TR »
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Nanyang Technological University

Warm-Up Question 2

* Which one of the following four termonologies is
a synonym for Learning?

— A) Cognition
N e®
— B) Optimization )
®
®
— C) Tuning @

— D) Calibration

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



Nanyang Technological University

Warm-Up Question 3

* Which one of the following four transformations
IS not a process of Authentic Al?

— A) Signal to Signal

— B) Signal to Knowledge @

— C) Knowledge to Knowledge

— D) Knowledge to Signal

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



Nanyang Technological University

Authentic AI versus Fake Al

Authentic Al

One | > Another
Knowledge

Knowledge

Authentic Al ﬂ ﬂ Authentic Al
otor
ignals

Sensory II Eake Al M
Signals axe S

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



Nanyang Technological University

Warm-Up Question 4

* Which one of the following two theories
empowers the achievement of Automation?

— A) Control Theory

_ B) Mind Theory (or Al Theory) ®
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Nanyang Technological University

Warm-Up Question 5

* Which one of the following two theories
empowers the achievement of Autonomy?

— A) Control Theory

_ B) Mind Theory (or Al Theory) ®
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Nanyang Technological University

Automation versus Autonomy

User’s
Instructions
>l Planning < Digital P Perception
Modules Workspace Modules
Autonomy / Al Loop T

Control 5| Systems S Actual
Modules Under Control Workspace

Automation / Control Loop

Sensory
Modules
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Nanyang Technological University

Al is the mental capability of a system
which consists of ...

N
.. Fuzziness

Conceptual

Worlds

N~

Al Loop

Control

=

Action

Randomness

Physical

World
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Nanyang Technological University

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

4

« MNIFHAE R, FRAERSEHETHERWR ., 3
EMAEXmET, &M REwa s 1. 0K% GLRE) .
2. 3R (Ura) . 3. F1R (FRa) . 4. 297 (Ra) L 5.
i (k) L 6. FR (BER) L 7. %R (KARR. A
) L 8. R (FIAERIR, Ba)

4

« NEFAB KA, BEL—NEAANETHRT. BE
Aee 1 ZIANB BN T U R L 1ES), 2. XNE %
Bk (A — R M AR RS 6915 5 P 3R B Ag 4o
R, ZRMIEESR LR AT AEFIT ANET) .

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



Nanyang Technological University

NEW FOUNDATION OF

Key Takeaways ... (ARTIFICIAL

« Whatis Brain?

— It is a system which provides a) computation, b) memory
and c) interface to sensory systems as well as actuation |

systems.
 Whatis Mind?

— Itis a system which could transform: a) signals to
knowledge, b) knowledge to knowledge and c) knowledge
to signals.

 Whatis Intelligence?
— ltis the capabilities of Mind, which are supported by Brain.

« What is Artificial Intelligence?

— It is the capabilities of Artificial Mind, which are supported
by Atrtificial Brain.

"HARFR? i, R, B, B, TEENEERAN", - A
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Outline of Today’s Talk

» Old Foundation of Science of Mind
Artificial Intelligence
= NEW FOUNDATION OF
INTELLIGENCE
« New Foundation of | > e
Artificial Intelligence

* Discussions and
Conclusions
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Nanyang Technological University

Outline of Today’s Talk

» Old Foundation of Science of Mind
Artificial Intelligence
= NEW FOUNDATION OF
ARTIFICIAL
INTELLIGENCE

I > Ming Xie
Hui Chen

Zhencheng Hu
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SPECIAL PATTERN OF
AI HISTORY
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Nanyang Technological University

History of Artificial Intelligence or
Intelligent Mind

1974-1980

First _
Intellgence First Al Expert

Robot : Winter  Systems
WABOT -1

Evolution of Turing Birth of Al First Chatbot :
Artificial Test Dartmouth ELIZA

nNeurons Conference

3

Big Question:

Does intelligence

. : IBM Deep blue  Alin Home: 1BM sWatson: Googl Chatbot E A

rl fr m r |n Second A| ’ : dis0n ; Qogle now atbot ugene mazon
arise from bra  first computer Roomba Wins a quiz Goostman:Wines Echo

4D Winter to beat a world “Turi
or mlnd i chess champion show T e AIphaGO
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Special Pattern of AI’'s History

Al is enjoying significant hype and investment

A.l. gains scary
Many are
CLEEAMpa =& bettin;un this STREHSNESS Sho
pervasiveness pervasiveness
R outcome
\ Excitement fades,

certain applications
benefit hugely

Bubble bursts,
next A.l. winter
arrives

=
-

1975 1990 2017

2009 | Al 3.0 (Machine’s Self-Intelligence) (HL32 4 %9) (H B2 %5, AJit)
2000 | Al 2.0 (Machine Learning) (HL#%%:>])
1956 | Al 1.0 (Machine Thinking) (H1 2% &%)
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DARPA’s Viewpoints The first wave of Al
(Wave 1)

Perceiving
The first wave of Al W

Reasoning

Handcrafted Knowledge

!
:lnfuﬁv

 TurboTax

Deluxe
Munir v Your Dedciom

2017.2



DARPA’s Viewpoints
(Wave 2)

The second wave of Al

Perceiving
Learning

The second wave of Al e

Reasoning

Statistical Learning




Nanyang Technological University

DARPA’s Viewpoints EEIXE
(Wave 3)

Perceiving
Learning
Abstracting
Reasoning

The (future) third wave of Al

Contextual Adaptation

Systems construct explanatory models
for classes of real world phenomena
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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?

Al is enjoying significant hype and investment

A.l. gains scary

Many are
EUEE. InpactS bettin ;nn this CIRCSTNERES) e
pervasiveness pervasiveness
N outcome
\ Excitement fades,

certain applications
benefit hugely

Bubble bursts,
next A.l. winter
arrives

CY
ra

1975 1990 2017

2009 | Al 3.0 (Machine’s Self-Intelligence) (HL32 4 %9) (H B2 %5, AJit)
2000 | Al 2.0 (Machine Learning) (HL#%%:>])
1956 | Al 1.0 (Machine Thinking) (H1 2% &%)
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ROOT CAUSE NO.1

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



Nanyang Technological University

Root Cause 1

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.

[ » Quantitative changes lead to the so-called Mechanical Manufacturing }

» Qualitative changes lead to the so-called Chemical Manufacturing

[ » Fissions lead to the so-called Biological Manufacturing }
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Example of Biological Manufacturing
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ROOT CAUSE NO.2
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Root Cause 2

What is the astonishing hypothesis?

« The Astonishing Hypothesis is a 1994 book C
by scientist Francis Crick about consciousness. FRAN ]S
Crick, one of the co-discoverers of the CRICK
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

’ o.”l‘ ’
scientific study of consciousness. ASton]Shmg HypOdESE

« However, Crick places the study of The Scientific Search
consciousness within a larger social context. for the Soul
Human consciousness according to Crick is
central to human existence and so scientists He made suggestion that by analyzing
find themselves approaching topics traditionally prain's signals, one should be able to

left to philosophy and religion. discover the details of mind or soul.
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https://en.wikipedia.org/wiki/Consciousness
https://en.wikipedia.org/wiki/DNA
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https://en.wikipedia.org/wiki/Philosophy
https://en.wikipedia.org/wiki/Religion
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ROOT CAUSE NO.3
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Root Cause 3

What is the most influential book Iin A?

* Itis used in over 1400 universities Artificial Intelligence

A Modern Approach

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 *ﬂg e
— 2nd Edition, 1043 2003 iflanni 3
ition pages 1 B

— 3rd Edition, 1093 pages, 2010 'f“‘%”'gép@&
— New Edition, 1152 pages, 2021 -

} f Artificialfintelligence

The book considers that robotics is part of Al [JEesE i
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ROOT CAUSE NO.4

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



Nanyang Technological University

Root Cause 4a

Inappropriate Definition of
Artificial Intelligence ...

Artificial Intelligence
A Modern Approach

 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! o
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Root Cause 4b

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.
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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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Root Cause 4c

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%x19 board.

« In March 2016, it beat Lee Sedolina @@ 2. .
five-game match, the first time a D 22 @ DO
computer Go program has beaten a 9- "51 D 2
dan professional without handicaps.

B 0@
@
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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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Root Cause 5a

People still believe that Intelligence
arises from brain ...




Root Cause 5b
USA’s Brain Initiative

THE WHITE HOUSE IS ANNOUNCING

In April 2013, the President announced the OVER $300 MILLION IN PUBLIC AND PRIVATE INVESTMENTS
launch of the BRAIN (Brain Research O AN INITIATNE
through Advancing Innovative

Neurotechnologies) Initiative® — a bold, new ”'"“’””'“‘I“-’,"Sf‘f\ -

initiative focused on revolutionizing our

understanding of the human brain. e

INITIATI\IE

The |n|t|qt|ve_ will accelerate the d.evelopme_nt BRAIN RESEARCH THROUGH ADVANCING
and application of new technologies that will INNOVATIVE NEUROTECHNOLOGIES
enable researchers to produce dynamic
pictures of the brain that show how individual

. . . Since President Obama announced the BRAIN Initiative in April 2013,
brain cells and Comp|eX neural circuits dozens of leading technology firms, academic institutions, scientists and
; other key contributors to the field of neuroscience have answered his
Interact at_ the S_peed of thOUght These call and made significant commitments to advancing the Initiative.
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.

" VIEW THE FULL INFOGRAPHIC
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Root Cause 5¢

Europe’s Brain Project ...

o . P Human Brain Proj
The Human Brain Project (HBP) isone o @ uman Bram troject

the three FET (Future and Emerging
Technology) Flagship projects.

Started in 2013, it is one of the largest
research projects in the world . More the 500+ 16 607 M
500 scientists and engineers at over tha Tegeavchens Couniies Fyng*

140 universities, teaching hospitals, and

research centres across Europe come 12 3 lO 2 'OOO

together to address one of the most Institutions Years** Publications
challenging research targets — the

human brain. l

The Human Brain Project aims to put in Researeh nfrastrucure. //"% EBRAINS
place a cutting-edge research c—4

infrastructure that will allow scientific

and industrial researchers to advance ot

knowledge in the fields of neuroscience et -
computing, and brain-related medicine.
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China’s Initiative ...

iR EHRERFREETEXRERELEX
£, HEIEERESET SRS LAH
&

(201456 H9H)
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SX, HRER, HEFEE, PERFERSTTX
BrrIXe. FETIRERS T XRIXESFARET. Bl
SRXRNE, BEHDEX. Bk, FHARTEPR,
B, MR ASHNEF, BRROARRE! [
Al TR E AR TS, TrpEaEz! @
RISRSINSNAIIMER TAEIRRIE RN, Fx

RERIRID (to continue ...)
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ROOT CAUSE NO.6
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Root Cause 6a Fake AI: Is Deep Machine Tuning equal
to Deep Machine Learning? (from MIT)
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Example of Machine’s Fake Learning

8-12 JANUARY 2024

Orgonited by

GYSS GLOBAL YOUNG SCIENTISTS SUMMIT Moy Restactounoamos

e SINGAPORE EXCITE o ENGAGE e ENABLE

SINGAPORE

Adversarial Examples:
* Were discovered in 2013 by Szegedy et al and Biggio et al
* Have major security implications and applications

adversarial
perturbation

88% tabby cat 99% guacamole

Salad made of avocado
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Another Example of Machine’s Fake Learning

8-12 JANUARY 2024
Orgonised by

GY SS  GLOBAL YOUNG SCIENTISTS SUMMIT  NerowRestascFousoaton

3 SINGAPORE
SINGAPORE EXCITE » ENGAGE e ENABLE

Pigs can fly:

“airliner”
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RootCause6b  Fake AI: (from a talk by NUS)

“The most common mistake of a smart
engineer is to optimize something that

should not exist”

E/On MUSk M|/ Engoosring B o el Medicine
o

“Of all the ways you could apply Al / engineering techniques to medicine
99.9% of them are clinically uninteresting” ’

Dr. Bunsen Honeydew
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Root Cause 6¢

Fake AI: One Illustration of
Convolution C

+ Computational Neural Network (i.e. ComNN)
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Self-attention q: query (to match others)
Root Cause 6d https://arxiv.org/abs/1706.03762 . _
ql = Wiqt
k: key (to be matched)
ki = Wkqt

Fake AI: One Illustration SiER———
of Transformer TLRL
B B
l St/ e Serny o

Self-attention e P Z Bl < Self-attention ' _
v p( v )/ ¢ ! e ) = 5E query q %51 key k 1 attention diste d;m S L

al,l al,Z al,3 dl,4

Scaled Dot-Product Attention: @, ; = g* - k' JVd

dot product
a3

a1

Created with EverCam.
http://www.camdemy.com

Created with EverCam.
http://www.camdemy.com
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Root Cause 6e Self-attention g, = exp(ay;)/ ), exp(ea,)

al,l al,Z 61,3 d1,4

Fake AI: One Illustration
of Transformer (continued ...)
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Huge Investment Wasted to FMs ...
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Huge Investment Wasted to LLMs

Text input

Text output

Language
Model

Numeric representation of text
useful for other systems
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HOW TO CLEAN UP
MISCONCEPTIONS IN AI?
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How to avoid stupidity in AI?

Does Intelligence arise from neural systems? sEEs Pt ataE i sSSP
Y Jroery, 40, VQJV {X {.x;? el { }nﬂf,/
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Although computer-generated

artificial intelligence eludes us,

artificial stupidity has been perfected.

P.1 O'Rourke

Why to name Text Models as Language Models?
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Mathematics Behind the Buzz Words “"Foundation
Models (FM)"” or "Large Language Models (LLM)”

analytical representation of an artificial neural network with a single hidden layer could be
described by the following equation in matrix form:

Gout — A(W x G + B) (1)
Single Hidden Layer

GOUt = A, (Wi, X Apy (e Ay(Wy X A, (W, X G + B)) + B,) .)+B)  (2)

where h represents the number of hidden layers (1.e., h = 1,2,3, ...), W}, 1s the matrix
of coefficients at h*" hidden layer, B}, is the bias vector or matrix at h** hidden layer, and
Ay, is the activation function at h*" output layer. It is important to take note that the sizes
of the weighting coefficient matrices do not need to be the same as long as any pair of two
adjacent matrices in multiplication satisfy the constraint in which the number of columns
in the left matrix is equal to the number of rows in the right matrix.

Xie M., 2024, Top-down Design of Human-like Teachable Mind, Special Issue in Celebrating IJHR's 20th-Year Anniversary, International Journal
of Humanoid Robotics.
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Speech on 18 October 2023




Singapore’s Al Strategy 2.0




NTU’s Al-Related Position Statement No. 1:

statement 1: Explainability

Deployed Al tools should have max effort of
explainability and interpretability unless there are
clear benefits to the patient of black box models

Because of their complexity, such tools often provide
answers beyond biological rationalization and human
comprehension, are widely treated as “black boxes”,

Do we require Al algorithm be 100% Interpretable? It has
been argued that many time-honored effective drugs such
as aspirin, metformin, acetaminophen that have been
used for decades with undisputed efficacy, yet their
mechanism of action are still unclear,
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NTU’s Al-Related Position Statement No. 13:
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Outline of Today’s Talk

Science of Mind

NEW FOUNDATION OF

INTELLIGENCE
« New Foundation of | > -
Artificial Intelligence
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Old Definitions of Artificial Intelligence

Al 1.0: Machine Thinking Al 2.0: Machine Learning

« Artificial intelligence « Artificial intelligence
refers to computer-aided refers to computer-aided
human intelligence, which human intelligence, which
aims at programming aims at programming
human ways of doing human ways of doing
reasoning, inference and learning of knowledge
decision-making. about truths and skills.

« Computer-aided « Computer-aided
Intelligence is not equal Intelligence is not equal
to Computer Intelligence! to Computer Intelligence!

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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What should be the new paradigm in AI?

Old: Bottom-up Evolution New: Top-Down Design

Mind Is Not Brain

Mind Is What Brain Does

« Mind Comes from Evolution Mind Comes from Design

* Development without Design

Production after Design

« Computer-aided Intelligence Self-Intelligence

* Tuning Is Learnin
J 7 * Tuning Is Not Learning

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



Nanyang Technological University

New Outlook of Body-Brain-Mind
n

B PN IRK
Body )«— Brain ) «— | Mind
- Action - Memory - Cognition
- Reaction - Computation - Recognition

Last Frontier in Science: “Science of Mind”
How to design machine’s mind?

Coarse Mind Subtle Mind ;D] Deep Mind i S_oul
H1-61R% BTRRE HIE ~ |+ Life
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What is body?

« A body is a motion system which could undertake action and
reaction.

TR{K

N
= Actlon - Memory - Cognition
- Reaction - Computation - Recognition
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What is brain?

* A brain is a computing system which could undertake computation
and memorization.

N
- Actlon - Memory
- Reaction - Computation

@C

TRIK

- Cognition
- Recognition

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



Nanyang Technological University

What is mind?

« A mind is a knowledge system which could undertake cognition and
recognition.

N
> Act|on - Memory - Cognition
- Reaction - Computation - Recognition
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Astonishing Truth Between Brain and Mind ...

« Energy -> Signal -> Data -> Big Data -> Big Intelligence




Astonishing Truths
Between Brain and Mind

 Life never dies
* Life reincarnates
* One body has one brain

 One brain could house different minds




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?

How to design educable robots or machines?

* In my book published in 2003, | said that
the necessary condition for a machine to FUNDAMENTALS OF
be able to learn is to be educable. ROBOTICS

 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.”

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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What should be the new foundation of AI?

 The foundation of Artificial

Intelligence should be NEW EOUNDATION OF

machine’s self-intelligence ARTIFICIAL
cnine Nietligence, INTELLIGENCE

which aims at discovering

and implementing the R

principles behind the
transformations from
signals to cognitive states
of knowing the meanings
inside the signals.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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New Foundation of Artificial Intelligence

* One Tool
« Two Worlds — 8
[ ] i C
Three I.ntelllgences Machine Intelligence oy
« Four Pillars - =
kel 2 ) 2
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Computer-Aided Intelligence
NEW FOUNDATION OF : —
ARTIFICIAL Human Intelligence o]
. . . C
INTEthfENCE Natural Sciences Social Sciences o
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| Properties Constraints —
Natl.lra Language N
e L L Conceptual Worlds 1RZz =
Human Languages §
9 LEMBERT : T
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Pillar No. 1 of Artificial Intelligence

AR
KNOWLEDGE
REPRESENTATION
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Large Knowledge Model: KnowNet

Creation of Concept-Physical Knowledge

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

Constraint Networks Constraint Networks

Topic Network Episode Network

Sentence Network Interaction Network
Phrase Network Relation Network
Space-Vector-Time

Space-Vector-Time

Conceptual World < Encoding Decoding > Physical World

List of Words List of Entities

sbuiueaw
aysodwo)

Word Entity

Properties Constraints Properties Constraints

sbujueaw
Aejuawid|g

Behaviors
Space-Vector-Time

Usages

Space-Vector-Time
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Pillar No. 2 of Artificial Intelligence

MG B0 IRRIBE ST

SIGNAL-TO-KNOWLEDGE
TRANSFORMATION
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Typical Scenario of Transforming
Signals to Knowledge ...

Visual Signals
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Pillar No. 3 of Artificial Intelligence

LB
KNOWLEDGE-TO-
KNOWLEDGE
TRANSFORMATION
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Typical Scenario of Transforming
Knowledge to Knowledge ...

Case for Robot Hand Case for Mobile Base

« For example, a motion may * For example, a mobile robot may
require a robot arm to move its enter a parking lot from its initial
hand from the current pose at pose at rest and stops at the parking
rest to a final pose at rest. How lot after the parking is
to determine: accomplished. How to determine:

[x(8), y(¢), z(8), (8]
[v(@®) 6(O)] or [v,(2) vy (£)]

Output Knowledge of
Three Trajectories

* Rest to Velocity 1
* Velocity to Velocity >
* Velocity to Rest

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Pillar No. 4 of Artificial Intelligence

ML RET B
KNOWLEDGE-TO-SIGNAL
TRANSFORMATION
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Typical Scenario of Transforming
Knowledge to Signals ...
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NEW THEORY OF Al

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



New Book in Artificial Intelligence
February 2021

NEW FOUNDATION OF
ARTIFICIAL
INTELLIGENCE

NEW FOUNDATION OF
ARTIFICIAL
INTELLIGENCE

his book provides a broad introduction to the three key modules

behind the design and development of intelligent vehicles for the
ultimate purpose of actively ensuring driving safety as well as preventing
accidents from all possible causes. Self-contained and unified in
presentation, the book explains in detail the fundamental solutions of
vehicle perception, vehicle decision-making and vehicle action-taking
in a pedagogic order.

VANNO4d M3AN

Ming Xie
Hui Chen
Zhencheng Hu

Besides the fundamental knowledge and concepts of intelligent vehicle's
perception, decision and action, this book includes a comprehensive set
of real-life application scenarios in which intelligent vehicles will play a
major role or contribution. These case studies of real-life applications
will help motivate students to learn this exciting subject. With

concise and simple explanations, and boasting a rich set of graphical
illustrations, the book is an invaluable source for both undergraduate
and postgraduate courses, on automotive engineering, mechanical
engineering and robotics. In addition, the book will help strengthen
the knowledge and skills of young researchers who want to venture
into the research and development of intelligent vehicles of the future.
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Xie
Chen
Hu

World Scientific i
www.worldscientific.com % “FWorld Scientific

7264 he
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What should be the new framework of AI?

Consciousness

What is consciousness?

Conceptual Worlds iRz

It is the state of being
{} a7 aware of and responsive
o — it to one’s surroundings.
Ij(nowledge Outer Al Loop EKnowIedg j
7§ — NEW FOUNDATION OF
S ARTIFICIAL

INTELLIGENCE

Ming Xie
Hui Chen
Zhencheng Hu

Sensory
Signal Inner Control Loop >

Physical World &=

v World Scientific
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What should be the new definition of AI?

Definition of Al 3.0

* Artificial intelligence refers NEW FOUNDATION OF
nv machine’s mental ARTIFICIAL
to any machine's menta INTELLIGENCE
capabilities of acquiring,
representing, memorizing, I

transforming, transferring,
and applying knowledge
about truths and skills.

Learning = Representation + Memorization | Y—

Knowledge = Statics (Truths) + Dynamics (Skills)

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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What should be the new blueprint of AI systems,
AI machines or Al products?

< Al systems s Al machines ¢ Al products

Conceptual World
Machine Learning Large Model of Machine Thinking

|
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|

|

1

|

I Knowledge Base
: & g
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1

|

|

1

|

Knowledge Flow

|
Body — Brain - Mind

5 .
Data FIOW Inner Control Loop MOtIOﬂ FIOW

Signal Flow

|
|
|
|
|
|
|
|
|
|
|
|
1\ Outer Al Loop “' :
|
|
|
|
|
|
|
|
|
|
|
|

Energy Flow

|
Physical World

|
|
|
: Material Flow
|
|
|
|
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What should be the new way of evaluating the levels of
intelligence from AI systems, AI machines or Al products?

« 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.

Eyes Looking Goal Area

ea Barrier \\\\‘ é Q'

j Field of View

Stairs

Step Trace

?Q 2
==

1
Time Taken for a Task

Intelligence = Old Turing Test
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What should be the new 10431956
pattern of AI history? John McCarthy
Marvin Minsky
Al 1.0 Machine Thinking Nathaniel Rochester
Al 2.0 Machine Learning 1992-2000 Claude Shannon
Al 3.0 Machine Self-Intelligence | John Weng 1956 Dartmouth Workshop
James McCelland

Alex Pentland | |
2000 MSU Worksho
P Inference and Reasoning

2003-2009 @
%8% ﬁlﬁlR Paper Development and Learning ggﬁeration
Second of Artificial
@ Generation Intelligence
Language and Cognition of Artificial
Intelligence
Third

Generation QP
Underst::tdlill:zl ll:-;r;?%l:aac?; Al’ Of Al"tifiCial d (\g
Foundation Intelligence =\
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Impacts of AI 3.0 to Our Modern Life

pu—

* Vision-centric Intelligence and Its Applications
Knowledge -

« Speech-centric Intelligence and Its Applications
From MAT (Machine-Aided Translation) to MT*

* Planning-centric Intelligence and Its Applications

Skill —
« Control-centric Intelligence and Its Applications
- Data-centric Intelligence and Its Applications
Creativity — How to creatively use data to achieve better outcomes?

 Design-centric Intelligence and Its Applications

How to creatively use knowledge to design better products?
From CAD (Computer-Aided Design) to CD*

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Exampel of AI Glasses

Smnarrt Glasses
Q@O0 20006€C

BT5.4 contact 360 flashlight 260mAh Stylish Magnetic fast
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Example of AI Earphones

F gu —IJ */] Glasses Headset HBS-368 Smart

Glasses 5.0 Call Real Stereo Glasse...
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Outline of Today’s Talk

Science of Mind

NEW FOUNDATION OF
ARTIFICIAL
INTELLIGENCE

I > Ming Xie
Hui Chen

Zhencheng Hu

 Discussions and
Conclusions
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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.

(e.g., What is E/E\,’? Point of Sunrise? Point of Sunset?)

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

Nicolaus Copernicus
(1473 - 1543)
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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.

NEW FOUNDATION OF
ARTIFICIAL
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It is an Interesting Parallel in History ...

Earth-Sun Relationship Brain-Mind Relationship

e Nicolaus Copernicus was an e Brain provides hardware
astronomer who proposed a support to the functionalities
heliocentric system, that the of Mind. Brain’s primary
planets orbit around the Sun; functions are computation and
that Earth is a planet which, memorization (or storage),
besides orbiting the Sun while Mind’s primary
annually, also self-rotates functions are cognition and
once daily on its own axis. Sun recognition. Mind is at the
is at the center of the root of natural or artificial
universe, but not Earth which intelligence. Intelligence arises
orbits the Sun. from Mind directly, but not

Brain which supports Mind.

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



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?

(Products)

Research comes first:

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

One Objective:

1. Research has one objective
which is to create values by
finding better ways of solving

Discovery Invention

(Technologies

problems_ (Theories)
— @ Three Outcomes:
Two Dpwrp Forces of Research 1. Creation of Better Theories
1. SC|§nt|f|c Problems :> 2. Creation of Better Technologies
2. Social Needs 3. Creation of Better Products
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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

"If you wish to understand the
Universe, think of energy,
frequency and vibration."

~ Nikola Tesla
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How to understand the worid?

* |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 (=),
vector (£8) and time (FG&)? - Ming XIE " ARTIFICIAL

INTELLIGENCE

Hui Chen
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How to improve the world?

Robot-Integrated Society

Al-Integrated Society

Internet-Integrated Society

Computer-Integrated Society

Machine-Integrated Society

Tool-Integrated Society

Life-Integrated
Society

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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How to improve the world?

* To invent smarter products,

* To invent smarter systems, and

* To invent smarter machines.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Q1l: Why are we inventing machines?

REAH A RAYIBEE REAH A RAIEEE

To extend our physical capabilities To extend our mental capabilities
e N ——— A3

3V 5 . InSEEE
- S - AISshes
Aerodynamics Theory Al Mind Theory

R VTN Tl R Vi N Tl
- KiTER — HaeH
Aircraft Products Smart Software Products

v Vo Tl vV e
— =Rl - (SRR
Aerospace Industry Big and Smart Data Industry
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Q2: Could machines’ bodies
outperform human beings’ bodies?
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Nanyang Technological University

Q3: Could machines’ brains
outperform human beings’ ones?

= o X

@\ MATLAB R2020a - academic use

BB AE~ 55 D W pass O
VRE~ HR % B gy e wH g B
Q- seEHaBEB v v m# it

S w8 iR BT i
@ Ealil  » C» Users » Ming Xie » Documents » MATLAB » v 5
E T EE ® [ %4888 - C:\Users\Ming Xie\Documents\MATLAB\Tutorial 8.m ®x IHR @
R O Tutorial 8m 4+ | ZR- &
#  Examples B i ]
f calib_2D_vision.m O™ jear all i
# image1.JPG 3
* image2.jpg o
¥ image3 jpg 4—  s=tf(s") -
= image4.JPG 5
*) line_fitting.m 6—  TF5 = 5/(s*(s++1)*(s+2) +5% (1+0. 2%s)) -
# line_fitting2020.m 7
:J patter. coghftion.m 8—  TFI268 = 1.268/ (s%(s+1)*(s+2) +1. 268% (1+0. 2%s)) -
) playvideo.m "
# plot_2dgaussian.m o .
8 plot_gaussian.m 10—  step(TF5, 'r’, TF1268, 'b')
# practicel_readimage.m 11
# practice2_changecolor.m
# practice3 createemptyimage.m &80 ®
R psticnt hueden I MATLAB? BT RREA AR, x
*) practice4 v_edge.m
# rgb2lab.m »> clear
# Tutorial 7.m fx »
Tutorial 8.m (#IZ) v
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Q4: Could machines’ minds outperform
human beings’ minds?

' \‘ .I
Speech to Text N ! Speech to Text
Conversion * Conversion
v ' v
Text to Meaning Text to Meaning
conversion ; conversion

/" Intended Meaning or
v “Understood Meaning /

Speech or Scene
Synthesis

Smart Robot

[

$" Speech

/

Speech \<:

]

Understood Meaning.

I}ntended Meaning or

Speech or Scene
Synthesis
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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.

1
Time

Intelligence =

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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1 iAs
H2H72? (cognition + recognition)
|

$ iR5
» RXHIARRIEATHA ATPIRHIXT R

s T XHARRRARRS, EBE: AHAMSH
ﬁg%ﬁk,@ﬁ%ﬁﬁ,u& BN 5 DR

] 4% R % T FR 3
>

MR ARSG

. /
Rt S e (R

L
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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.

To
cognize

To

To act recognize

Intelligence

To plan To think

W AR W, R B B FAANGEARA", - # 9
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/)y BL&En &b 9 NEW FOUNDATION OF
fraRRERe: ARTIFICIAL
INTELLlGENCE

o« IRECFINHFRBIEEST, BP:
BRI R RS S
— IR B OIRIIEE T
— MO RBIAT ARIBE ST

BRI B J xn ﬁlﬁ ? Q}E AL
S > H BB RE PN
HREXR | A7) 1T
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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?

Al is enjoying significant hype and investment

A.l. gains scary

Many are effecti

. veness and

Buzz, impact & bettingonthis  _ pervasiveness
outcome /]

pervasiveness

i

Excitement fades,
certain applications
benefit hugely

Bubble bursts,
next A.l. winter
arrives

LY
Cal

1975 1990 2017

Will this wave occur?
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Pessimistic View ...




With the Rise of Robotics ...




Example of AI-Driven Robot ...
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More Example of AI-Driven Robot ...

S, -
Ra+

’
'4«'4'./' !
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Robotics W|II Drive the Development of Al

Talking Task Space Joint Space

Seeing
Reading

+  Thinking [(x,%,X) ~ _
. Cor.nposmg (3.3, 3) Inverse Kinematics 4, 6ﬁ , Q})
Robot Intelligence (z,2,%) (6,,6,,60,)

@ RobotMind [ (Hx’ef“é_’f ) Kln.emat|cs ......
©,.0,.0,) How to simulate motions? ( 0., n)

How to program motions? ( ) O ) | Forward Kinematics
Robot Control | |
How to simulate motions? A
_ 6:,6;,6;) Desired
Robot Dynamics & Motions
(01 > 01 ’ ‘91 ) I «— |
. . 1
(6,,6,,6,) < ¥ Control - |«
,,,,,, < Actuator |« Amplifier |* ) .
Algorithms [* <
( no n) )
Robot Body
- > Sensors How to control motions?
a (6..6..6)
How to perform motions?
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AI will now undergo its steady growth ...

* One Tool

« Two Worlds — 3
[ ] i C
Three I.ntelllgences Machine Intelligence oy
« Four Pillars - =
of 85 85 _ E
. = b = ) 9 —
« Signal to Knowledge =#& g c Ba R 3= —
s 30 z 3 =3 = ©
 Knowledge to Knowledge #gzz 3 o 5 2 3 2 3= )
H Y ety = C E. c Sf C E C o E
* Knowledge to Signal 172& X ¢ x X S X < ©
- <

NEW FOUNDATION OF Computer-Aided Intelligence
ARTIFICIAL : ) O
INTELLIGENCE Human Intelllgenc.:e . S
e Natural Sciences Social Sciences o
Zhencheng Hu Kn OWI ed g e %
Properties Constraints —
Conceptual Worlds 1RZ5 =
Human Languages §
Physical World  fzzs =
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Summary of Today’s Talk

« Old Foundation of Science of Mind
Artificial Intelligence
NEW FOUNDATION OF
INTELLIGENCE
* New Foundation of | > e
Artificial Intelligence

 Discussions and
Conclusions
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NANYANG School of Mechanical & Aerospace Engineering

TECHNOLOGICAL
UNIVERSITY Design, Machine, Control, Intelligence

“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

Thank You for Listening!
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