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“We are living inside an ocean of signals”

What is a system with intelligence inside?
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Outline of AI 3.0

 Module 1: True Foundation of Visual Intelligence
 Module 2: Visual Knowledge Representation

* Module 3: Visual Knowledge Perception

* Module 4: Visual Knowledge Computation

 Module 5: Visual Knowledge Applications
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Remember NTU’s Vision ...

Drive Global Impact

Transform Education

Operational
Excellence

Build Talent & Leadership Bench Strength

House of Talent
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Remember NTU’s Mission ...

Education House of Talent

We deliver transformative educational
We attract, develop, and retain the very best

people to drive excellence across the
University.

experiences that make our students both
future- and Al-ready, so they are sought after
by employers.

Research, Innovation and Enterprise

Hub of Global Impact
We pursue breakthrough discoveries. We P

integrate technology and the humanities to We drive global tin all that we do. W
address global challenges. We accelerate SAEVE SIODAHNPACE IR Al ENAL WEG0. Y\ S

cutting edge innovation and create promising pursue long-lasting global partnerships with
new enterprises. like-minded institutions across the world.
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Education is to help citizens to fulfill their missions
on Earth, which include: to understand the worid
and to improve the world ...
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ABOUT YOU
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Remember your mission as MAE
undergraduates ...

* You are here to grow your knowledge
and skills so as to be able to design
machines with controllable behaviors

and hopefully in some intelligent
ways.
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How to fulfill your mission?

« To apply learnt knowledge and skills into the implementation of the
following universal blueprint underlying all the intelligent machines

or systems.
User’s
Instructions
>l Planning : Digital |__| Perception
Modules Workspace Modules
Autonomy / Al Loop T
Control Systems Actual
— > >
® Modules Under Control Workspace

Automation / Control Loop

Sensory
Modules
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ABOUT COURSE
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Two Big Questions ...

 How to achieve automation?
—To apply the theory of control

* How to achieve autonomy?
—To apply the theory of mind
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Two Big Dilemmas ...

« Top-Down Design versus Bottom-Up Optimization

— Should the creatures in the universe be the outcomes
of designs by Designers or the outcomes of natural
evolution by Optimizers?

« Mind-Centric Approach versus Brain-Centric Approach
— Does intelligence arise from Mind or from Brain?

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



Nanyang Technological University

Dilemma versus Commmon Sense ...

Mind-Centric /
Intelligence
Human / 9 /
Artificial

Intelligence
Intelligence

/ / (Al 3.0)
Intelligence \

:\/Iincljl-Centric I(:]?;rll%uetﬁggnal
ntelligence
Machine /

Intelligence \

Brain-Centric Computer-Aided

Intelligence x Human Intelligence
(Al 1.0 and Al 2.0)
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The motivation is to

Why to study visual intelligence? "~

“We are living inside an ocean of signals”

achieve machine’s » )
self-intelligence. Machine Intelligence

More specifically, we
aim at achieving the
transformations from
visual signals to
cognitive states of
knowing the
meanings inside the
visual signals.

Keys of Al

* One Tool
+  Two Worlds
* Three Intelligences

 Four Pillar

Knowledge
Representation
Knowledge
Perception
Knowledge
Computations
Knowledge
Applications

Computer-Aided Intelligence

Human Intelligence

Natural Sciences Social Sciences

Knowledge

Properties Constraints

Conceptual Worlds

Human Languages

Physical World

INTELLIGENCE

nnnnnnnnn

Artificial
Intelligence

—

Human
Intelligence

—

Copyright @ Ming Xie
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What to learn? Roadmap of
Visual Intelligence

Visual Signals

. : Lights = Photometry =»Geometry = Conceptual Meanings :
True Foundation of Al : | 1. Image Acquisition E:'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.i
2. Image Processing | &
Multiple Al Pipelines :
1 . ¥ knowledge :: :
] : : ¥ knowledge $ knowledge :
: | 1. Computing Geometry | i: :
2. Computing Fuzziness T
Signal > Knowledge 3. Cognizing Knowledge From 2D Images to From 2D Images to
4. Recognizing Knowledge| :: 2D Scene 3D Scene
Knowledge - Knowledge E knowledge i knowledge knowledge }
L Knowledge - Signal Al-Integrated Applications Decisions

Signals

<

Inverse Kinematics Vision <

Scenes

i Actions
Slgnals> Actuators >

Controller
—__
Signals

Knowledge
Representation

Sensors
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How to study visual intelligence?

« To put yourselves into the mindset of designers of intelligent systems:
— Who are the users? (any machine with intelligence inside)
— What are the needs of users? (to transform visual signals into knowledge)
— What are your intelligent systems? (to spell out the functionality)
— What are the solutions behind the design of your intelligent systems?

Audio Signals ——) I:'}(::I &= Audio Signals
T/

Cognition (— o o
EKnOWNjet :> ﬂ T] « Where is what?
Recognition Visual Signals  * Where is who?
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How to apply?

* You could use MATLAB to quickly apply:

— What you have read

— What you have heard

— What you have learnt

—_

Practice

Practice — MATLAB = No.1 Al Software

(Rapid Prototyping Software)

P R L R SO
/\ Should Seeing be Believing?

We are more affected by Beliefs than by Truths.

Practice

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



Should Seeing Be Believing?




Nanyang Technological University

Terminology Alert ...

1. Image properties at the lowest level include continuities and
discontinuities. Hence, there are two types of pixels which are color
pixels and edge pixels. These are the identities of pixels at the
lowest level.

2. Therefore, “how to transform pixels into their identities?” is the so-
called problem of symbol grounding in visual intelligence.

3. As aresult, symbol groundings include symbol grounding of color
pixels and symbol grounding of edge pixels.

4. Symbol grounding of color pixels is a process of sense-making
which transforms pixels into common-sense or inner-sense of
colors.

5. Symbol grounding of edge pixels is also a process of sense-making
which transforms pixels into common-sense or inner sense of
curves.

6. The combinations of colors and curves create meaningful patterns.
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Today’s Lectures ...

 Module 1: True Foundation of Visual Intelligence
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School of Mechanical & Aerospace Engineering

TECHNOLOGICAL
UNIVERSITY Design, Machine, Control, Intelligence

Module 1

Al 3.0
MA4829 Machine Intelligence

True Foundation of
Visual Intelligence

XIE Ming, PhD (France)
3 http://personal.ntu.edu.sg/mmxie

“We are living inside an ocean of signals”

What is a system with intelligence inside?
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Outline of Module 1

» Lecture 1.
— True Foundation of Al Systems

» |Lecture 2:
— Input to Al Systems

* |Lecture 3:
— Output from Al Systems
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Outline of Module 1

» Lecture 1.
— True Foundation of Al Systems
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School of Mechanical & Aerospace Engineering

TECHNOLOGICAL
UNIVERSITY Design, Machine, Control, Intelligence

Lecture 1 of Module 1

Al 3.0
MA4829 Machine Intelligence

True Foundation of Al Systems

XIE Ming, PhD (France)
3 http://personal.ntu.edu.sg/mmxie

“We are living inside an ocean of signals”

What is a system with intelligence inside?
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Outline of Lecture 1

Al 1.0: Machine Thinking

Al 2.0: Machine Learning

Al 3.0: Machine Self-Intelligence
Overview of Machine’s Visual Intelligence

ARTIFICIAL
INTELLIGENCE




Outline of Lecture 1

* Al 1.0: Machine Thinking

ARTIFICIAL
INTELLIGENCE
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A Special Person ...

* Researchers in the United Kingdom had been
exploring “Machine Intelligence" for up to ten
years prior to the founding of the field of Artificial
Intelligence (Al) research in 1956.

« Machine Intelligence was a common topic among
the members of the Ratio Club, an informal group
of British cybernetics and electronics researchers
that included Alan Turing.

« Alan Turing, in particular, had been running the
notion of machine intelligence since at least 1941
and one of the earliest-known mentions of
“Computer Intelligence" was made by him in 1947.
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Nanyang Technological University

A Special Beginning of AI ...

Evolution of
Artificial
Neurons

Big Question:

Does intelligence
arise from brain
or mind?

Second Al
Winter

Turing
Test

Birth of Al
Dartmouth
Conference

3

IBM Deep blue  Alin Home:

: first computer
to beat a world
chess champion

Roomba

First Chatbot :

ELIZA

IBM s Watson :
Wins a quiz
show

First

Intellgence
Robot :

WABOT -1

Google now Chatbot Eugene
Goostman:Wines

1974-1980

First Al
Winter

a"“Turing test

Expert
Systems

Amazon
Echo

AlphaGo
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Al 1.0

An 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/Francis_Crick
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Al 1.0
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|gt|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,
bram Ce”S and CompleX neural CerUltS 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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Al 1.0

Europe’s Brain Project ...

, : : Py H Brain Project
The Human Brain Project (HBP) isone o @ Hinai Brafi Frojee

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 5OO+ 16 607 M
500 scientists and engineers at over tha esuatpiee Commpries Byrg®

140 universities, teaching hospitals, and

research centres across Europe come 123 lO 2,000

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

human brain. l

The Human.Braln Project aims to put In Research infrastructure: /’,\% 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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Advocation of Thinking Machine ...

Lecture Notes in

Computer Science ; Q7> ';—-\f: . THE THINKING Ma(:l]i rnes
A\ MACHINE ' Who

Think

Everything you need to

know about the coming age STEPHEN WITT

of artificial intelligence AUTHOR OF HOW MUSIC GOT FREE

g dmela McCorduck

Research on Intelligent Manufacturing

& E-SERVICES

AEEa Wen-Feng Wang
Xi Chen

Tuozhong Yao TH I N K I N G

Chris Bissell

e MACHINES M
Ways of Thinking, Intelllgen.ce of . ‘
Ways of Seeing the Machine Brain I f [&m

) System Modelling and Simulation f ¢ [M]

AND WHERE IT°S

DORMEHL

it of The Fovmrs

LUKE DORMEHL
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A Special Belief About Relationship
Between Brain and Intelligence ...

Question:

If a machine could not
learn or could not be
teachable, how could it
think in general?




Outline of Lecture 1

» Al 2.0: Machine Learning

ARTIFICIAL
INTELLIGENCE
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A Special Person ...

 The term machine learning was coined in 1959
by Arthur Samuel, an IBM employee and
pioneer in the field of computer
gaming and artificial intelligence. The
synonym self-teaching computers was also
used in this time period.

« Although the earliest machine learning model
was introduced in the 1950s when Arthur
Samuel invented a program that calculated the
winning chance in checkers for each side, the
history of machine learning roots back to
decades of human desire and effort to study
human cognitive processes.
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A Special Abuse of Terminology ...

 People still believe the following misleading description of machine
learning ...

- Statistics and mathematical optimisation (mathematical programming)
methods comprise the foundations of machine learning. Data mining is a
related field of study, focusing on exploratory data analysis (EDA)
via unsupervised learning.

« Machine learning (ML) is a field of study in artificial
intelligence concerned with the development and study of statistical
algorithms that can learn from data and generalise to unseen data, and
thus perform tasks without explicit instructions. Within a subdiscipline in
machine learning, advances in the field of deep learning have
allowed neural networks, a class of statistical algorithms, to surpass many
previous machine learning approaches in performance.
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https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Mathematical_optimisation
https://en.wikipedia.org/wiki/Mathematical_optimisation
https://en.wikipedia.org/wiki/Data_mining
https://en.wikipedia.org/wiki/Exploratory_data_analysis
https://en.wikipedia.org/wiki/Unsupervised_learning
https://en.wikipedia.org/wiki/Field_of_study
https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Computational_statistics
https://en.wikipedia.org/wiki/Computational_statistics
https://en.wikipedia.org/wiki/Data
https://en.wikipedia.org/wiki/Generalise
https://en.wikipedia.org/wiki/Task_(computing)
https://en.wikipedia.org/wiki/Machine_code
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https://en.wikipedia.org/wiki/Neural_network_(machine_learning)
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First Winter in AI ...

First

Evolution of Turing Birth of Al  First Chatbot : :
Artificial Test Dartmouth ELIZA Inteligence Fll'.St Al Expert
neurons Conference Robot : Winter  Systems

WABOT -1
3

Big Question:

Does intelligence

arise from brain Second Al 'BMDeepblue  Ajin Home: IBMsWatson: Googlenow ChatbotEugene  Amazon
i Winter : first computer Roomba Wins a quiz Goostman:Wines Echo
or mind? to beat a world show a“Turingtest  AlohaGo

chess champion
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Advocation of Learning from Human Intelligence ...

Expert
Systemsin| KNOWLEDGE HYRRD EXPERT SYSTEMS

Environmental] ACQUISITIONE NEURAL NETWORK EXPER]
Planning| FOR EXPERT SYSTEMS AUDITING

EXPERT
SYSTEMS gt ki d.C. vgnDljk

Paul Williams
===
A A PRACTICAL
HANDBOOK

Edited by
ALISON L. KIDD

e
Handbook of DESIGN AND DEVELOPMENT

Cars et Handbook of ‘ The Handbook of
Expert Systems e SOHG O Expert Systems ‘ APPLIED

Applicationsin
Expert ety  EXPERT
Sysriems Maubcting SYSTEMS

Structures
and rules

. Edited by
Jay Liebowitz
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Second Winter in Al

1974-1980

Evolution of Turin Birth of Al First Chatbot : First :
¥ ntellgence  FirstAl Expert

Artificial Test Dartmouth ELIZA _
neurons Conference Robot : Winter  Systems
WAEBQT -1

1987-1993

Big Question:

Does intelligence

arise from brain Second Al 'BMDeepblue AjinHome: 1BMsWatson: Google now Chatbot Eugene  Amazon
i Winter : first computer Roomba Wins a quiz Goostman:Wines Echo
or mind? to beat a world how a*Turing test AlphaGo

chess champion
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Al 2.0
Deep Blue Project: Computer-Aided Human
Intelligence ...

 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
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Al 2.0

Alpha Go Project: Computer-Aided Human
Intelligence ...

« 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
19x19 board.

« In March 2016, it beat Lee Sedolina @ :.
five-game match, the first time a S 22 @ 7 = 24
computer Go program has beaten a 9- ;1 D
dan professional without handicaps.

B 0@
@
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https://en.wikipedia.org/wiki/AlphaGo_versus_Lee_Sedol
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https://en.wikipedia.org/wiki/Go_ranks_and_ratings

Is Deep Machine Tuning equal to Deep
Machine Learning? (from MIT)
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Al 2.0

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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Al 2.0

Another Example of Machine’s Fake
Learning

8-12 JANUARY 2024

GYSS GLOBAL YOUNG SCIENTISTS SUMMIT ~ NanowsRestaxciFoumarion

', SINGAPORE
i, SINGATORE EXCITE * ENGAGE e ENABLE

Pigs can fly:

“airliner”
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Optimization is not learning ...

“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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Al 2.0

Computation is not learning

+ Computational Neural Network (i.e. ComNN)

Image Image
T ] z1|z2

al|bfc >@—>

i z3|z4 P .

e| f|g, q ri|s s

. | | Output’s Image “« .- €A
_VIV_ _J_ _l(_l t u V p g “.-: ~ :_, ':-:—‘.'v >
minj;o|p W1 X |'Y |Filters Image T

e

r S

¢in! (a) (b)
1

@ (o) (D) (@ () (i)

0

t

Yy

:
s
Computation
o4 23 ar s wm
'
B
f
s
.

Input’s Image

Filter's Image

Computation

Input’'s Image

GO¥ = A(W X G + B)
Alx)is:y = or

y=x

xXXXx

Filter's Image

m (n) (o) () !

s
Computation
o4 23 ar s ww
.
'
2
s
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Self'attentmn q: query (to match others)
AI 2 o O https://arxiv.org/abs/1706.03762 ) ]
ql = Wiqt
k: key (to be matched)
ki = Wkqt

Calibration is nOt v:informatio;t:l:;:::racted
learning ...

Al
!
2

k4

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

Self-attention e P Z Bl < Self-attention _ _
v IJ( e )/ j xp( g ) = 5@ query g Z¥ S8 key k ] attention e d"m Br Ard K

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

al,l 61,2 al,3 dl,4

dot product
i ; a3 1,4

Create d with EverCam.
http://www.camdemy.com

Create d with EverCam.
http://www.camdemy.com
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Al 2.0 Self-attention g, = exp(ar )/ ), exp(a,)

al,l &1,2 61,3 dl,4

Tuning is not learning ...

Self-attention

(¥ ¥ & o - .-

I
1
1
1
1
1
Self-Attention Layer 1
1
1
1
1
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Al 2.0

A Special Belief About Relationship
Between Brain and Intelligence ...

Question:

If a machine does not
have self-intelligence or
IS not teachable, how
could it learn in general?




Outline of Lecture 1

« Al 3.0: Machine Self-Intelligence

ARTIFICIAL
INTELLIGENCE
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Warm-Up Question 1

« Which one of the following two terminologies is a
synonym for Artificial Intelligence?

— A) Artificial Brain

— B) Artificial Mind S

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



Evidence Scientists research man missing 90% of his
brain who leads a normal life

CBC Radio - Posted: Jul 14,2016 5:27 PM EDT | Last Updated: April 17, 2023

These scans of a French man's brain were published in The Lancet in 2007. Since then, this case has puzzled
researchers, including cognitive psychologist Axel Cleeremans. (Feuillet et al/The Lancet)
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Many Other Evidences ...

» J Undergrad Neurosci Educ. 2016 Apr 15;15(1):C1-C3.

The Woman Born Without a Cerebellum: A Real-Life Case Adapted for Use
in an Undergraduate Developmental and Systems Neuroscience Course

Jennifer Brielmaier 1™

» Author information » Article notes » Copyright and License information

PMCID: PMC5105972 PMID: 27980478

Abstract

In 2014, the case of a 24-year-old woman who had just discovered she was born without a

cerebellum made headlines around the world. The details of this case were combined with
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Warm-Up Question 2

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

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

— D) Calibration

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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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)
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Authentic AI versus Fake Al

Authentic Al

One | > Another
Knowledge

Knowledge

Authentic Al ‘ ‘ ﬂ Authentic Al
otor
ignals

Sensory II Eake Al M
Signals axe S
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Rebirth of AI ...

Big Question:

Does intelligence
arise from brain
or mind?

Evolution of
Artificial
Neurons

Second Al
Winter

Turing
Test

Birth of Al

IBM Deep blue  Alin Home:

: first computer
to beat a world
chess champion

Roomba

First

First Chatbot :
ELIZA Intellgence
Robot :
WABOT -1

IBM s Watson :
Wins a quiz
show

Google now

1974-1980

First Al
Winter

Chatbot Eugene
Goostman:Wines
a"“Turing test

Expert
Systems

Amazon
Echo

AlphaGo
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Special Pattern of AI’s History

Al is enjoying significant hype and investment

A.l. gains scary
Buzz, impact & bet'::z?uintghis effectiveness and
pervasiveness pervasiveness
. outcome
\ Excitement fades,
certain applications
benefit hugely

A.l. "Winters”
Bubble bursts,
/ \ next A.l. winter
arrives

=
-

1975 1990 2017

=) 2009 [ Al 3.0 (Machine Self-Intelligence) (5% /4 &) (1 B2 &, AJit)
2000 | Al 2.0 (Machine Learning) (FL#5%%>J)
1956 | Al 1.0 (Machine Thinking) (1.4 %)
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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
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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

HRNRELS

() TLWE“’R"{E@AIEQ?EEIBJ%E—W

L] gﬁﬁ ﬁilsrl'gl BRI, SR, A
REH—CA TEgE . EHE. MR, 4R, S5EIE, é O MEERAHTHAS : EEOE , ATSERN
New-Generation Al in China i ﬁg %ﬁmkm ’ ﬁﬁEEﬁA—WﬁﬁQk’EE '
BB e 0 K BEEASES = SRRSO SIS (.
b Wi AR BRHIEFEE : i
ademician of the Chinese Academy of Engineering W OAIE, BIRGK. {CRREER. 13RI (AR) . =
Former Executive Vice President of the Chinese Academy of HEHUNEE (VR) ... 1%

Engineering B RGOS E— A RS —BHARRE
U
l~ Al

» *f @& = 7L T ) ]
o ERBECE Yo EHERELIE

PEH—KALES

Er‘]

83@1}(65‘

u—

- BEKESHE

;?: H A T i 20 BRI
Eﬁg =. AIStEER2.0 et ANRAIEE

B R
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What are the root causes behind
such pattern of AI history?

Al is enjoying significant hype and investment

A.l. gains scary

Many are
Buzz, impact & bettin ;nn this effectiveness and
pervasiveness pervasiveness
R outcome
\ Excitement fades,

certain applications
benefit hugely

A.l. “Winters”
Bubble bursts,
/ \ next A.l. winter
arrives

L
ra

1975 1990 2017

=) 2009 [ A| 3.0 (Machine Self-Intelligence) (F12& 1 ) (E B2 &, AJit)
2000 | Al 2.0 (Machine Learning) (FL#5%%>])
1956 | Al 1.0 (Machine Thinking) (F14% %)
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Root Cause No.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

A Special Book in Al ...

* ltis 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.

Stuart Russell ¢ Peter No

 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@ 3
— New Edition, 1152 pages, 2021 -

} f Artificialfintelligence

The book considers that robotics is part of Al eSS
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Root Cause No.3

An Implicit 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

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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How to clear the misconceptions in 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)



Speech by China’s President ...




Speech by Singapore’s Prime Minister ...




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:

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Our Solution: Embrace a New Paradigm in AI ...

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

Mind Is What Brain Does * Mind Is Not Brain

« Mind Comes from Evolution Mind Comes from Design

* Development without Design

Production after Design

« Computer-aided Intelligence Self-Intelligence

* Tuning Is Learnin
° 7 * Tuning Is Not Learning

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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New Outlook of Body-Brain-Mind

’ }! ‘

- Action - Memory - Cognition
- Reaction - Computation - Recognition

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

Coarse Minds Subtle Minds ;D] Deep Minds |+ Soul
%D‘U/:l ,_%'Z:‘,\ J&\‘LJ:{ S « Life
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What is body?

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

@

- Action - Memory - Cognition
- Reaction - Computation - Recognition

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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What is brain?

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

e @ o

- Action - Memory - Cognition
- Reaction - Computation - Recognition
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What is mind?

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

- Action - Memory - Cognition
- Reaction - Computation - Recognition

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



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 true foundation of AI?

 The foundation of Artificial

Intelligence should be NEW EOUNDATION OF

machine’s self-intelligen ARTIFICIAL
achines seli-intefligence, INTELLIGENCE

which aims at discovering

and implementing the S

principles behind the
transformations from
signals to cognitive states
of knowing the meanings
inside the signals.
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True Foundation of Artificial Intelligence

* One Tool
 Two Worlds —
* Three Intelligences
* Four Pillars

Machine Intelligence

« Signal to Knowledge =#&
 Knowledge to Knowledge #gzz
* Knowledge to Signal 172&

Knowledge
Perception
Knowledge
Computations
Knowledge
Applications

Knowledge
Representation
Artificial Intelligence

Computer-Aided Intelligence

NEW FOUNDATION OF —
ARTIFICIAL Human Intelligence
INTELLIGENCE Natural Sciences Social Sciences

Ming Xie

Hui Chen
Zhencheng Hu

Knowledge
Properties Constraints —

Natural Language
Understanding by Robots

From Text to Meanings

Conceptual Worlds 1728

Human Languages
e ———— I Physical World s

Human Intelligence
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New History of 1943-1956 Al 1.0
Artificial Intelligence Voo Mieky

+ Al1.0: Machine Thinking 1992-2000 Al 2.0 gf:gjgig'h':ﬁﬁ';?ter

: ﬁ: 1238 m:gg:zz’s%esaerl?—llnngtelligence jgrrl]ne\s/var;gce”and 1956 Dartmouth Workshop

Alex Pentland @ WS 535
2000 MSU Workshop _
Al 3.0 Inference and Reasoning
2003-2009 L rwESEy
Ming Xie - First
2009 IJHR Paper Development and Learning Generation
2010 1 omEas S of Artificial
AR D BE A Generation Intelligence
AP ‘ Language and Cognition of Artificial

Intelligence
Third P
Kandhasamy S Jayakumar I \t O
Generation o°
Natural Language Of ArtIfICIaI \‘K\e
Understandmgmbrge/n 5,%22:; y ) g ﬁ- D l
Als Intelligence e S RIER
Foundation Copyright @ Ming Xie
" LAMBERT
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New Definition of Intelligence ...

* 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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New Definition of Machine Intelligence ...

Definition of Al 3.0

 Artificial intelligence refers NEW FOUNDATION OF
ine’ | 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)



Al 3.0 Nanyang Technological University

New Way of Evaluating the Levels of Intelligence in
Al Systems, AI Machines, or AI 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.

1
Intelligence = —
g Time Taken for a Task
Eyes Looking Coal Area
Ahead Barrier

.

J Field of View
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New Blueprint of Knowledgeable and
Skillful Machines or Systems ...
Al's New Paradigm: Signal > Knowledge > Knowledge > Signal /" physical

a1 [ S || P Ty
earning nderstanding erception
! R+ M < K-> K < S2>K ‘T Story
o) i A 4 :
=] | i
= | E Organized Dynamic Memory of Learnt Knowledge j l Episode
| 1 |
! v v A 4 ! Event
' Planning Understanding Perception !
cl‘ K2S N K2 K N S2>K ‘T Behavior
% ~o——_J___QuterAlLoop _ _ _ _ o ___ P
o TR e e e ~
a8 ! > Control S Actuation _\* Interaction
o > S>3 S—>S :
3, Inner Control Loop ! Action
M, Sensing € !
I .
S s>s__ | '\ Motion
Body + Brain + Mind = Robotics S: Signal K: Knowledge

R: Representation M: Memorization
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Example of Knowledgeable and Skillful Humanoid
Robot ...

* Body
 Brain

° Mind M) 0127476
*

Remaining
Challenge
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More examples ...
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With the Rise of Robotics ...
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New Force of AI: Robotics Will Drive the Development of AI ...

Talking Task Space Joint Space
Seeing
Reading
«  Thinking [(x, %, %) _ _
«  Composing (3. 3. ) Inverse Kinematics (Ql,él,él)
Robot Intelligence (2,2,%) / \ (6,, 92,92)
) Kinematics
@ RobotMind | (9)6,6?)“6}) : o T
(9y,9y,9y) How to simulate motions” (Hn ,en ,Hn)
How to program motions? 1(6.,6.,0.) | Forward Kinematics
Robot Control | |
How to simulate motions? .o
R _ (6,,6,,0,) Desired
i L Robot Dynamics & Motions
(01 ’ ‘91 ’ 91) T «— |
. . 1
(0,0,,0,) < . Control  |«— |«
______ < Actuator |« Amplifier |* B
T Algorithms [ <
1(6,,0,,0,)
Robot Body |
__ > Sensors @, H-i ’ éi) How to control motions?
How to perform motions?
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New Book of Al ...

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.

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 researt d development of intelligent vehicles of the future.
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Outline of Lecture 1

* Overview of Machine’s Visual Intelligence

ARTIFICIAL
INTELLIGENCE




Nanyang Technological University

How to design a machine’s mind?

* What are inputs?
« What are the inner processes or transformations?
 What are outputs?

Cognition

i <:I

T .
:> « Where is what?

Recognition Visual Signals + Where is who?

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Truth about Input to AI Systems

 We are living inside an ocean of signals which
could be transformed into knowledge-flows by
our minds.

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



Nanyang Technological University

Visual Intelligence and Its Input

« Visual intelligence will enable machine to achieve the transformations
from visual signals to cognitive states of knowing the meanings behind
the visual signals:

Cognition
m <11:| ﬂ_ ﬂ_ 1. Where is what?
nowNe | : 2. Where is who?

Recognition Visual Signals

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Importance of Visual Intelligence

Among all the signals to Al systems, visual signals occupy the No. 1 position!

“BEAUM—R", - £LF (Confucius)

» A picture is worth more than a thousand of words.

 Colorless has no difference than colorfulness.

102 meters 1na"l?n;le' 1000 n;:c:meter 1mi||1ir|(:\‘;|er lr:\(:ler 1kilt::eter E One Look IS W O rth '
Broadcast A Thousand WOI'dS--

band One look at our line of Republic, Fire-
stone, Miller 2nd United States tires can
tell you more than a hundred personal

N letters or advertisements.
WE WILL PROVE THEIR VALUE

L Wavel h:
ong Wavelengthe BEFORE YOU INVEST ONE DOLLAR
IN THEM.

<

Ever ider buying Suppli
Ultraviolet ca“‘lc'g?

s What's the use! Call and see’ what you

are buying. One look at our display of auto-

mobile and motorcycle accessories will con-
vince you of the fact,

| | | | THAT WE HAVE EVERYTHING FOR

THE AUTO

from a

Visible Light

400 nanometers 500 nanometers 600 nanometers 700 nanometers

« Colorfulness has no difference than colorless. l P'!}Eiﬁ Ao Supply House '

133 N. Main St.—Fiqua, O.
A T T
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General Framework of Visual Intelligence

Action
Imagination

» Signal © Knowledge = Knowledge - Signal .
| Vicanings SRR imeo caicin
/ /E /\/?I i
Action/Interaction/Emotion
/’

Scene Synthesis Scene Analysis

"\ Seeing Scenes

Meaning Networks

Meaning Networks

I
I
I In In
: Conceptual Worlds Physical World
I
10rganized Memory \ / b
Text Analysis Text Synthesis
Hearing/Reading DOCu\menTs g [ ‘:2 Action/Interaction/Emotion
AN

Text Acquisition II

oD
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A Large Knowledge Model for Visual Intelligence ...

KnowNet is Large Knowledge Model of Concept-Physical Scene

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

Constraint Networks Constraint Networks

Topic Network Episode Network
Concept Network ARTIFICIAL
INTELLIGENCE
Sentence Network Behavior Network Zhﬂ”:cfw
Phrase Network Configuration Network e

Conceptual World Physical World

NEW FOUNDATION OF

sbuiueaw
aysodwo)

List of Words List of Entities

Word

Properties Constraints

Properties

sbuiueaw
Aejuswin|z

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



Nanyang Technological University

Key Focus: How to transform visual signals into
elementary meanings? Solution consists of ...

« Step 1: Transform visual signals into elementary meanings in the physical
world.

« Step 2: Transform elementary meanings in the physical world into
elementary meanings in a conceptual world.

Elementary
Meanings

Visual Signals to Physical Meanings to
> Physical Meanings > Conceptual Meanings >

Transformation Transformation

NEW FOUNDATION OF
ARTIFICIAL
INTELLIGENCE

mmmmmmm

nnnnnnnnnn
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How to transform physical meanings into

Conceptual meanings? (output = symbol with belief)
A(X):SoftPlus,SoftMax, Sigmoid, etc

 Method 1: To use artificial neural networks as predictors ... x

Feature Vector at Layer O: Deep neural network
Input - FO = {foli,i — 1’2, } Input layer Multiple hidden layers Output layer
Feature Vector at Layer 1: foa
F; = AW, X Fy + By)
O ®
Feature Vector at Layer k: .
0,3
Fk f— A(Wk—l X Fk—l + Bk—l) O

fo,a .
Feature Vector at Layer n: N
Fo= A(Wp_y X Fp_y +Bn_y) Jos

Conceptual Meanings at Output: MIMO
Belief = {[belief;, possibility;(F,)],i = 1,2, ..., m}

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Popular Activation Functions:

« SoftPlus Function: { X={x;,i=12,..,n}

AX) = {In(1 + e%),i =12, ..,n} i >

Xi

e
A(X) = {n—x’l = 1,2, Tl}
i=1€""

« SoftMax Function: { X={x;i=12..n}

« Sigmoid Function: { X={x;,i=12,..,n}

AX) = (T, 1 = 12,1}
* RelLU (Rectified Linear Unit):
{ X={x;i=12,..,n}
A(X) = {max(0,x;),i = 1,2, ...,n} 1
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How to transform physical meanings into
conceptual meanings? (output = symbol with belief)

e Method 2: To use RCE neural networks as match-makers ... /

One Unit of Restricted-Coulomb-Energy Neural Network

Middle Layer of
Prototype Vectors

Input = Fy = {fo;,i = 1,2,...} Input = A Output

Input Layer of Single Feature Vector:

fO,l

Middle Layer of Prototype Vectors:

0,2

F={F={o),i=12..n} fos

MISO
SISO

Output Layer of Single Symbol:

Each node holds
a prototype vector

Belief with Possibiity = max{ possibility(Fy, F;),i = 1,2, ...,n}

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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What is a possibility function?

* Any sensory data could trigger a mental belief with
a certain level of possibility.

_ (z—b)
f(m) — ae 22
« A possibility function is associated with a belief
generated by a sensory data. % helantorine curve's peak
b = the position of the center of the peak
C = the standard deviation
« A possibility function varies from 0 to 1. f(z) = funciion of x
e = Euler's number
a2

1

* A popular possibility function is:

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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An Important Property of Ideal Systems:

Incremental Learning

e MIMOQO = Sum of SISOs

Output Layer Vector
« RCE NN is an ideal system!
Middle Layer Vectors
Input Layer Vector
= I BN DN D D DN DN D DN D DN B B e .
=
Output Layer Vector
Input Layer
Middle Layer Vectors
MIMO = Sum of MISOs
Input L Vector
MIMO = Sum of SISOs PP RYeT
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Summary of Lecture 1

Al 1.0: Machine Thinking

Al 2.0: Machine Learning

Al 3.0: Machine Self-Intelligence
Overview of Machine’s Visual Intelligence

ARTIFICIAL
INTELLIGENCE
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Outline of Module 1

e Lecture 1.
— True Foundation of Al Systems

» |Lecture 2:
— Input to Al Systems

* Lecture 3:
— Qutput from Al Systems

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




G 4ok NANYANG School of Mechanical & Aerospace Engineering

TECHNOLOGICAL
UNIVERSITY Design, Machine, Control, Intelligence

Lecture 2 of Module 1

Al 3.0
MA4829 Machine Intelligence

Input to Al Systems

XIE Ming, PhD (France)
http://personal.ntu.edu.sg/mmxie

#

“We are living inside an ocean of signals”

What is a system with intelligence inside?

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


http://personal.ntu.edu.sg/mmxie
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Outline of Lecture 2

* Physical World as Input
« Signal as Input
 Knowledge as Input

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

~ Nikola Tesla

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



Nanyang Technological University

Outline of Lecture 2

* Physical World as Input

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

~ Nikola Tesla

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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What is the physical

world? Physical World
Object Flow I Knowledge Flow
Systems A | Dynamics
Entities I Interactions
I
Materials I Causalities
Molecules I Constraints
I
Atoms I Properties
| .
Particles | Signals
\ Energies v I Energies J
Copyrighté Ming XIE
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The physical world is visible ...

Plants Rivers

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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http://extrasolar.spaceart.org/cgi-bin/image.cgi?sobelmoon.jpg

Nanyang Technological University

The physical world is visible
(contmued)

Buildings
(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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The physical world is visible ...
(continued)

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


http://bighugelabs.com/onblack.php?id=2176897085&size=large

The physical world is visible ...
(continued)



http://www.flickr.com/photos/stuckincustoms/310074290
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The physical world is visible ...
(continued

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


http://www.flickr.com/photos/8088437@N04/2319554292
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The physical world is visible ...
(continued)

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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The physical world is visible ...
(continued)
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The physical world is visible ...
(continued)

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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The Physical World
Has Dimension

. System Levels s
* Entity Levels

 Material Levels

molecule

1‘ -
> atom
\\
* &
k “~_ nucleus
c \ R

L
L. proton
LW
\.@@ -

T uark
*a @zq
\. @2

quark

P

electron
nucleus

neutrons
protons
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All the entities in the physical
world has four states

+
Plasma
o Atoms

Molecules

Temperature

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



All the entities in the physical world are organized
into a hierarchy of physical systems ...

Physical entities in the physical world
could act and interact together.

All the physical entities which act and
interact together for the purpose of
achieving common goals are forming
specific groups which are called as
Physical Systems.

The physical systems could be
categorized into: a) static systems,
and b) dynamic systems.

The dynamic systems could be
operated in the mode of: a) systems
without control, or b) systems with
control.

The best systems are static systems
The best dynamic systems are LTI systems.
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Example of Static Systems

V,o Logic switch

(o) ———
‘ R6
e . Ra

The best systems in the universe are static systems!

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Example of Dynamic Systems with Control

Desired Sub-system Sub-system
Output Output
Error System under 1
Controller >
Control J
* Positons A * Positons
* Velocities * Velocities
Forces Sub-system * Forces

Torques ( « Torques
L Sensors }

Our mission on Earth is to transform dynamic systems to be closer to static systems!

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Outline of Lecture 2

« Signal as Input

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

~ Nikola Tesla

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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All existences in the universe are

manifestations of energies

Our Place in the Cosmos

Earth is just 1 of 3.2 trillion planets in our
galaxy. The Sun is just 1 of 200 billion stars in
the Milky Way. The Milky Way is just 1 of the

2 trillion galaxies in the observable universe.

> Neutrino

_j/;,:'f" Photons

Electrons Protons

Atoms
Molecules

Planets
Stars

Galaxy

Clusters
of galaxies

Binding energy

Formatter

Dark energy

Dark matter

Neutrino

Substance

Stars

Galaxies

Clusters of galaxies

Black holes

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Temperature
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Energy could be manifested in the
form of mass and speed (case 1)

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Energy could manifested in the
form of mass and speed (case 2)

E =im-v?

Velocity v
-

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Energy could be manifested in the
form of mass and the relative height

Elastic Potential Energy

Gravitational Potential Energy P.E=0

" P.E = 1 Kx?
I p
[+ |

(R%]

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Energy could also be manifested in the
form of force which makes a mass to
undertake a displacement

W = Fdcos?.

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



Variations of energy create signals

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

~ Nikola Tesla
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Signal is vibration ...

Ale Fed Ireemese o q:.q.l b T

& nwerdamped T critical damped T underdamped

= =
=, =
= o

AN
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Signal is oscillation ...

Mechanical wave

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



Signal is sine wave
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Outline of Lecture 2

 Knowledge as Input

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

~ Nikola Tesla

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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What is knowledge?

Physical World

Object Flow Knowledge Flow
Systems A Dynamics

|
|
Entities I Interactions
|
Materials I Causalities
Molecules I Constraints
|
Atoms I Properties
. l .
Particles | Signals
\ Energies v I Energies J
Copyright é Ming XIE
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Energy is at the origin of
knowledge creation ...

« Energy creates dynamics

What is physical quantity?
gfin

« Signals create observable quantities

« Dynamics creates signals

- Quantities enable perception by observers ~ VVhat is knowledge?

afin

* Perception by observers results in understood knowledge

« Knowledge result in the creation of human languages, etc.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Definition of Physical Quantities

* Physical quantities refer to the physical
properties which are possessed by
physical entities or physical systems.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Categories of Physical Quantities

Visible Invisible
 Length * Energy
* Height

« Mass
 Volume
 Dimension « Weight
« Shape

 Force
e Colour

* Friction

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Example of Visible Physical Quantities ...

Color Temperature

Length . T

Weight

Speed

Pressure .
Friction

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Human beings are intelligent
creatures who are interested In
knowing ...

« How to understand the world?
—Science (Discovery)

* How to change the world?
— Engineering (Invention)

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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How to Understand a Physical
World with 1 Entity?

* There are physical properties about the entity.

 There is no interaction.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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How to Understand a Physical
World with 2 Entities?

* There are physical properties about these two entities.

 There are mutual interactions.

* Interactions create relationships.
* Relationships include:
— Membership
— Family
— Category

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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How to Understand a Physical
World with N Entities?

* There are physical properties about these entities.

* There are multiple interactions. .

* Interactions create relationships.

* Relationships include:
— Membership
— Family
— Category, etc.

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

* The physical
guantities, which are
related to the self-
existence of a
physical entity, are
called properties.

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

A human being A car

* Mass * Mass

* Height * Length
« Gender « Width

* Volume « Colour
* etc ¢ etc

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Scenario of Self-Existence of 1 Entity

« The existence of an entity depends on
its properties such as

— Physical/chemical/biological/social/
properties, etc.

» The existence of an entity is subject to
space constraint such as

— Position
— Dimension
— Direction

* The existence of an entity is subject to
time constraint such as

— Life span
— Self-behaviors as a function of time

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Scenario of Co-Existence of N Entities

» The co-existence involves interactions
among N entities such as

— Action
— Reaction

* The co-existence is subject to space
constraint such as

— Configuration
— Topology

 The co-existence is subject to time
constraint such as

— Self- and interactive behavior as a
function of time

— Event as a function of time
— Episode as a function of time

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



Definition of Constraints

* The physical quantities, which are
related to the co-existence of multiple

physical entities, are called
constraints.
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Example of Constraints

A human being A car

« Weight « Weight
* Position * Velocity
* Age  Owner
* Degrees e Price

* efc . etc

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Example of Spatial Constraints (1)

» Position/Velocity/Acceleration/Weight (Gravity)

AY

AIAR

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Example of Spatial Constraints (2)

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

» Evolutions of properties
(statics) and constraints
(dynamics) as functions
of time are called
behaviours.

> | Now, we are ready to define knowledge

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

« The properties (statics), constraints (dynamics) and
their evolutions (i.e. behaviours) among N interacting
entities consist of knowledge in the physical world.

Behaviors

@

Knowledge = Statics + Dynamics

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Properties and Constraints Dictate Dynamics
and History Among N Entities ...

Time Time Time Time

N i\ i 7\
Properties
Constr_aints
&Sehav'ors |[ Interaction ]lt Event ‘[ Episode ]l Story J

&> |[ Interaction ]| |[ Event ]l |[ Episode ]| |[ Story ]|
C
: e . . ° °
2 e b ® L °
5 e . L ° °
E |[ Interaction ]| |[ Event ]| |[ Episode ]| |[ Story ]|
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Example of Properties and Dynamics

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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RoboCup versus Football Cup ...

April 2024

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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There are two types of knowledge
from the physical world

Propositional Knowledge Procedural Knowledge

* Property-related « Constraint-related
— Theory — A series of decisions in a
process or procedure
— Principle
— A series of instructions in a
_ Method process or procedure
_ Concept — A series of skills in a

process or procedure

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Example of Propositional Knowledge

* Newton said: Acceleration is proportional to the
applied net force, and inversely proportional to

the mass.

« What is this type of knowledge?

* Answer:
— Propositional knowledge, which is about
property, theory, principle, method and
concept.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Example of Procedural Knowledge

« A monitor says: When you see a traffic light to change to
red, you must brake and stop. When you see a slowly
moving vehicle, you should follow it if you cannot change
the lane, or by-pass it if you can change the lane; When
you are at a junction, you must give priority to cars
coming from your right side (or your left side).

« What is this type of knowledge?

e Answer:

— Procedural knowledge, which is about decision,
instruction, or skill, behind process.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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How to represent propositional
knowledge?

* Answer:
— Books
— Theses
— Reports
— Papers
— Articles
— Other texts or media

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

* What is a straight line?

 Answer:

—It is a line along which the change rate
of displacement is always the same.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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How to represent procedural
knowledge?

« Answer:

T

— Networks or trees of decisions

— Networks or trees of rules

— Networks or trees of logics

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

* How to successfully study in a University?

* Answer:
— To listen
— To read
— To practice
— To write

— To present

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Also, there are two types of khowledge
from the viewpoint of learners

Explicit Knowledge Implicit Knowledge
* Directly-perceived  Indirectly computable
knowledge from the knowledge by the minds

sensory systems

— Colors — Equations of Kinematics

— Shapes — Equations of Dynamics

— Textures, etc — Equations of Paths, etc

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Therefore, there are four types of knowledge in
both the physical world and conceptual worlds

Physical World

Propositional Procedural
Explicit Type | Type I
Conceptual
Worlds
v Implicit Type |l Type IV
Next Lecture

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

« What are a) the explicit propositional knowledge , and b) implicit
propositional knowledge, that you can describe when you see
the picture below?

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Answer about explicit propositional
knowledge:

It Is a tank.

The tank is moving on a road.

The road is near a forest.

The tank has six wheels at each side.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Answer about implicit propositional
knowledge:
Kinematics Dynamics

 The speed of the tankis ¢ The acceleration of the
the sum of its initial speed tank is proportional to the

and the increment of net force acting on it, and is
speed due to iInversely proportional to the
acceleration. mass of the tank.

How to discover knowledge from the physical world?

How to represent knowledge from the physical world?

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Summary of Lecture 2

* Physical World as Input
« Signal as Input
 Knowledge as Input

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

~ Nikola Tesla

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Outline of Module 1

» Lecture 1:
— True Foundation of Al Systems

» Lecture 2:
— Input to Al Systems

* |Lecture 3:
— Output from Al Systems

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



G 4ok NANYANG School of Mechanical & Aerospace Engineering

TECHNOLOGICAL
UNIVERSITY Design, Machine, Control, Intelligence

Lecture 3 of Module 1

Al 3.0
MA4829 Machine Intelligence

Output from Al Systems

XIE Ming, PhD (France)
http://personal.ntu.edu.sg/mmxie

#

“We are living inside an ocean of signals”

What is a system with intelligence inside?

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Outline of Lecture 3

« Knowledge as Output
* Behaviors as Output
« Discussions

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Outline of Lecture 3

« Knowledge as Output

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Definition of Conceptual World

* The description of the physical world’s

knowledge (i.e., properties, constraints and
their evolutions) in the form of texts of a

human language creates a conceptual

world.
AN AN
v » Human » ~—
Physical ’ Languages Conceptual
World ‘ ‘ Worlds
N~ N~

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Texts in Conceptual Worlds

« The texts in any human language are considered
as a conceptual world because they describe the
clusters of properties, constraints, behaviors,
Interactions, events, and episodes in the physical
world.

* A textis composed of sentences and questions
which are organized into paragraphs, sections,
and chapters.

* A text could be translated into equations and
programs.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Inside a Mind, There Are Two Major Mental
Activities with the Use of Human Languages:

« Understanding of Knowledge

— From meanings in a
conceptual world to
meanings in the physical
world (visualized inside a
mind)

» Description of Knowledge

— From meanings in the
physical world to
meanings in a conceptual
world

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Illustration of 9“‘9“‘ | | 1mage Acquisition |

Mental Activities Action/Interaction/Emotion ! Input Seeing Scenes/Photos

of Visual Image
Intelligence %
InsideaMind ——--------——--——— M@

Meaning

Networks
In Physical
World

Meaning
Networks
In Conceptual
Worlds

. Three Mental Dualities:
Cognition and Recognition
Encoding and Decoding
Analysis and Synthesis

. Full Scope of Al Pipeline: | I
Signal = Knowledge i s
Knowledge > Knowledge
Knowledge - Signal

Action/Interaction/Emotion

Output

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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What is knowledge understanding?

* It is the mental process of reconstructing the
knowledge in the physical world from the texts
written in human languages (including
illustrations).

N N
Physical ’ L al;:l;:]: gn es Conceptual
World ‘ ‘ Worlds

N~ N~
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Example of Knowledge Understanding

Conceptual World Visualized Meanings inside a Mind

A robot arm with two links,
holds a laser cutting gun.
There is a metal sheet
which is placed within the
workspace of the robot
arm. A program is loaded
into the robot and guides
the robot to cut a shape of
dinosaur on the metal
sheet. Now, the robot is
powered on and it starts
the cutting process ...
What is the mental
imagination inside your
mind?

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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What is knowledge description?

 ltis the process of describing the knowledge of the
physical world with the texts in human languages.

« A text could be translated into equations and programs.

N N
Physical ’ L aI:ZT: ; es Conceptual
World ‘ ‘ Worlds

N~— N~—
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Example of Knowledge Description

* How to describe this dynamic scene?

Physical World

Conceptual World

A car is moving
on a road near
mountains.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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What is the best way to represent
knowledge from the physical world?

* The use of human languages which consist of:
— Natural Languages
— Technical Language

— Programming Languages

The use of human languages to represent knowledge creates conceptual worlds!

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Outline of Lecture 3

* Behaviors as Output

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Al contributes to the achievement
of autonomy by machine ...

User’s
Instructions
>l Planning : Digital |[__] Perception
Modules Workspace Modules
Autonomy T
Control Systems Actual
— —> >
® Modules Under Control Workspace
Automation
Sensory P
Modules

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



Nanyang Technological University

Output from AI systems includes controllable behaviours ...
Talking Task Space Joint Space

Seeing
Reading

«  Thinking [(x, %, %) _ _
. Cor.nposmg (3. 3. ) Inverse Kinematics 6, ‘?1 , 6.?.1)
Robot Intelligence (z,2,%) (6,,0,,0,)

Crok Dt rpning || 020200 < Kinematics -
(engy’ey) Oow 10 simuilate motons _(Hn,enagn)_

How to program motions? | (9 §_.4.) | Forward Kinematics
Control Loops | |
How to simulate motions? -
Robot D (6,,6;,6;) Desired
t ics & .
L DOt ynamices Motions
(01 ’ ‘91 ’ 91) T «— |
. . 1
(6,,6,,6,) < ¥ Control |e— |«
______ < Actuator |« Amplifier |< . .
.. Algorithms [* <
1(6,,6,,6,)
Robot Body
|| > Sensors PR How to control motions?
|| (01' > Hi > 01')
How to perform motions?
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Example of Autonomous Behaviour
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Example of Autonomous Behaviour

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Outline of Lecture 3

« Knowledge as Output
* Behaviors as Output
* Discussions

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Discussion 1

« What is the common way of representing
knowledge?

It is the use of human languages which include:
— Natural Languages
— Technical Languages
— Programming Languages =g =i

 Why?

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Discussion 2

 What is a natural language?

|t is a set of words and rules for the purpose of
projecting knowledge of the physical world into
the texts which form a conceptual world.

 Why?
9 Y
Human
Physical ’ Conceptual
World ‘ ‘ Worlds
N~ N~
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Discussion 3

* A human being can learn any natural language.
o Is it true?

 Why?

- Action - Memory - Cognition
- Reaction - Computation - Recognition

On average, the human brain contains about 100 billion neurons and many more neuroglia which serve to
support and protect the neurons. Each neuron may be connected to up to 10,000 other neurons, passing signals
to each other via as many as 1,000 trillion synapses.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Discussion 4

 An animal, such as dog, cat and others, can
never master a natural language regardless of
the effort of teaching.

o Is it true? s

+ Why? ' Sy @
- Action - Memory - Cognition
- Reaction - Computation - Recognition

On average, the human brain contains about 100 billion neurons and many more neuroglia which serve to
support and protect the neurons. Each neuron may be connected to up to 10,000 other neurons, passing signals
to each other via as many as 1,000 trillion synapses.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Discussion 5

* What is the greatest invention in human history?
|t is human languages.

 Why?

- Action - Memory - Cognition
- Reaction - Computation - Recognition

On average, the human brain contains about 100 billion neurons and many more neuroglia which serve to
support and protect the neurons. Each neuron may be connected to up to 10,000 other neurons, passing signals
to each other via as many as 1,000 trillion synapses.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Discussion 6

» Why does a human  Qutput layer
brain consist of a

network of neurons?

Prototype Layer

« Answer:

— Best hardware
support for the
control of skills

— Best hardware Input Laﬁ

support for the
PO RCE Neural Network
cognition and
recognition of » Prototypes refer to feature vectors of reference features.
* RCE stands for Restricted Coulomb Energy (RCE).
knOWIGdge RCE-NN is a MIMO system which is equal to the sum of SISOs.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Discussion 7

« How to achieve incremental
cognition or learning?

« Answer: Use of RCE NN!

Output layer

Input Layer

MIMO = Sum of MISOs
MIMO = Sum of SISOs

o0

Incremental Learning

Output Layer Vector
Middle Layer Vectors
Input Layer Vector

Output Layer Vector
Middle Layer Vectors
Input Layer Vector
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Now, we would like to know ...

* How to extract meaningful quantities related to
visible appearances from digital images?

 How to describe these meaningful quantities
with the use of a human language”?

* The answer will be:

- V!sual Cognltlo.r? jl> Subsequent Modules
— Visual Recognition
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Summary of Lecture 3

« Knowledge as Output
* Behaviors as Output
« Discussions
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Summary of Module 1

* Lecture 1.
— True Foundation of Al Systems

» Lecture 2:
— Input to Al Systems

* Lecture 3:
— Output from Al Systems
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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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