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u Module 1: Foundation of Al Sensors

u Module 2: Sensors for Electrical Systems

u Module 3: Sensors for Mechanical Systems
u Module 4: Sensors for All Environments

u Module 5: Sensors for All Industries
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Remember your mission as MAE
undergraduates &

u 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.
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Why to study this course?
o | B o

Trafﬁd mgement 9 Air Pollution »
= Education @ @ @
@ Smart Parking
Smart Street Lights Electromagnetic

Emissions

Internet of Things G G

(((r,)) Smart Buildings

Public Safety
Smart Home

~
N | ~
N N

N s -

” ol | - |
v ™ N | ~
B k - - N
b ‘e ~ =S ~
. - | .
|
s 4 < 0 3 I
5 = - g | ~
- " -
0 : -‘ s . - -
i e
-
« tH
i . g Y. s
o
:
. [

Gas & Water
Leak Detection

&

Smart Environment
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We are living inside an ocean of signals
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How to study this
course?

u To put yourselves into the
mindset of designers of
networked sensors as
products:

u

u

u

u

Who are the users?
What are the needs of users?

What are your Internet of
Sensors, which could meet
the needs of your users or
buyers?

What are the solutions
behind the design of your
Internet of Sensors?

Practice with MATLAB

Market Demands or Needs

{

Product Specifications

{

Design Specifications

{

Conceptual Design

\

Selection of Materials/Components/Devices

{

Embodiment Design

{

Prototyping

{

Optimizing
'

Production

{

Marketing
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. . Module 1: Foundati fAlS
What are you going to study In | [yt e s
A Randomness of Physical World

th IS CO u rse ? A Basics of Conceptual Worlds

A Fuzziness of Conceptual Worlds

Randomness

—

= =

Action

Physical

Conceptual
Al Loop

=

=

N~

Module 2: For Electrical Systems Module 3: For Mechanical Systems Module 4: For All Environments ~ Module 5: For All Industries

A Measurement of Voltage A Measurement of Position A Measurement of Pressure A Measurement of Fluid Level
A Measurement of Current A Measurement of Velocity A Measurement of Temperature A Measurement of Flow Rate

A Measurement of Resistance A Measurement of Acceleration A Measurement of Humidity A Measurement of Sound/Voice
A Measurement of Capacitance A Measurement of Force A Measurement of Vibration A Measurement of Photometry
A Measurement of Inductance A Measurement of Torque A Measurement of Air Quality A  Measurement of Geometry
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How to apply?

Directly-detectable

Readable Values

7

Not-Directly-detectable Directly-detectable
. . NI Sensory Data with AI Se NSOrs
Physical Quantities Unbounded Error
Under Measurement Sensing >
|:> Eanguagei
Sensory Data with :
. . Bounded Error . . {Be“efs}
Calibration > | Fuzzification >
{Texts}
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True Foundation of Machine Intelligence
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Todayos Lectures &

u Module 1: Foundation of Al Sensors
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Outline of Module 1

u Lecture 1:

u Basics of Physical World
u Lecture 2;

u Randomness of Physical World
u Lecture 3:

u Basics of Conceptual Worlds

u Fuzziness of Conceptual Worlds
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Outline of Module 1

u Lecture 1:

u Basics of Physical World
u Lecture 2:

u Randomness of Physical World
u Lecture 3:

u Basics of Conceptual Worlds
u Lecture 4.

u Fuzziness of Conceptual Worlds
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How big Is the universe?

Let's talk about

Pl o) 001/4:26




Dimension of the Universe (Big? Small?)
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Dimension of the Universe (How Big?)

10 5m
Red blood cells

10 °m
Individual
atons

10°m ;'a
Our sun

1074 m
An atomic
nucleus

10" m |G
The earth 17
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Dimension of the Universe (How Small?)

Scale in m: 4 ? Scalein 10" m:
@
1 U-mm atom o 100,000,000
-14
107" m nucleus 10,000
1,000
. electron -1
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What is the universe?
AOne Universe ;XieMing Wor |l ds o,

209 SECONDS THAT

WILL MAKE YOU QUESTION YOUR

ENTIRE EXISTENCE
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Very | mportant DI

/, frequency

Fourier Transform

Joseph Fourier (1768 - 1830)

Nikola Tesla (1856 - 1943)

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

~ Nikola Tesla

S C
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Very Important Discovery (continued)

u If you want to understand the organization of the Universe, think in
terms of: Ry |

u  Systems
u Devices

u  Materials

u If you want to understand the meanings of the Universe, think in terms
of:

u  Space
u  Vector

u  Time
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What is the universe? (Material World + Spiritual World)

Material World
Object Flow Knowledge Flow
Systems Dynamics

Entities Interactions

Materials Causalities

Molecules Constraints

Atoms

Properties

Particles Signals

K Energies Energies /
Copyrighb(!,% Ming XIE
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How Is the universe organized?

u System Levels
u Entity Levels

u Material Levels
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What are physical systems?

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

u All the physical entities which act and interact
together for the purpose of achieving common
goals are forming specific groups which are called
as Systems.
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What are typical responses from a system?

u A system has: 1. One System
2. Two Responses
u Steady-state responses 3.  Three KPIs
_ 4. Four Design Methods
u  Transient responses
el & Maximum
) Eesponss Unit-sten input overshoot A
u A system is evaluated by three i Dececmcat = 418
indicators of responses:
P 10§ f-mm === Y- /-f\ﬂﬂ'l'
ili 0Gf f=mmemmm e e - B Y T s TPy =y
u Stablllty ngn ____________ I i i f
u Response time : ! ! Steady-state
i : : s
u  Response accuracy : | | (# = o)
00 hy A !
tie L : :
o 7 : :
u  Hence, the best systems on A :
Earth are the static systems. o ! !
iy |
i : 1 1 rmld-n L Lf - §
u  The ideal systems will be the | Risetme o \
= Seitling time ¢, |

closed-loop control systems

Typical unit-step response of a control system.
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Example of Human-Made Systems

28
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Example of Dynamic Systems without Error Control

Vi, © Logic switch
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Example of Dynamic Systems with Error Control

|Controller
lvc,i

Power | o Power
Ampllfler Source
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Joint Joint
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Blueprint of Dynamic Systems with Error Control

Desired Sub-system Sub-system
Output Error Controller System under] Ol{tpm

- Control J
A Positons i A Positons
A Velocities A Velocities
A Forces Sub-system A Forces
A Torques ( A Torques

L Sensors ]<—
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What are physical entities?

u Physical entities refers to all matters
which exist in the universe.

u The physical entities form the physical
world.

u The physical entities on Earth are visible
to human eyes o0or mac
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Examples of Physical Ent i

Plants Rivers
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http://extrasolar.spaceart.org/cgi-bin/image.cgi?sobelsun.jpg
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Examples of Physical Entities on Earth (continued)
é
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Examples of Physical Entities on Earth (continued)
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http://bighugelabs.com/onblack.php?id=2176897085&size=large

Examples of Physical Entities on Earth (continued)
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Examples of Physical Entities on Earth (continued)
é

Cars and Streets
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Examples of Physical Entities on Earth (continued)

Ships and Boats
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Examples of Physical Entities on Earth (continued)

Airplanes
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Examples of Physical Entities on Earth
(conti nued)
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An entity on Earth consists of materials which
could be In one of the four states such as:

+ T

— Atoms

Temperature —— Molecules
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Example of Transitions among States

ROCKS EH EEE‘?
{’a o PLASMAS
ENERGY 4 ot
oo /! GASES
ENERGY
J navins
SoLIDS STARS

THE STATE OF MATTER CHANGES AS YOU ADD MORE ENERGY

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



Nanyang Technological University

Example of Transitions among States

solidification condense

SOLID LIQUID GAS
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Physical World with 1 Floating Entity

u Interconnectivity among atoms
dictates the properties of
molecules.

u  The interconnectivity among
molecules dictates the properties
of materials.

u  The interconnectivity among .
materials dictates the properties of
devices and systems.

u  Asingle entity has physical
properties.

u  There is no interaction.

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Physical World with 2 Entities

u  There are physical properties about these two entities.

u  There are mutual interactions.

u Interactions create relationships.

u  Relationships include:
u  Membership
u  Family

u Category, etc

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Physical World with N Entities

u  There are physical properties about these entities.

u  There are multiple interactions.

u Interactions create relationships.

u  Relationships include:
u  Membership

u  Family

u Category, etc.
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Definition of Properties

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

A human being A car

u Mass u  Mass
u  Height u  Length
u  Gender u Width
u  Volume u  Colour
u etc u etc
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Self-Existence of 1 Grounded Entity

u  The existence of an entity depends on its
properties.

u  Physical/chemical/biological/social/ etc
properties

u  The existence of an entity is subject to space
constraint.

u  Position
u  Dimension
u Direction

u  The existence of an entity is subject to time
constraint.

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

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

u  The co-existence involves interactions among N

entities.
u Action
u  Reaction

u  The co-existence is subject to space constraint.
u  Configuration

u  Topology

u  The co-existence is subject to time constraint.

u  Self- and interactive behavior as a function of
time

u Event as a function of time

u  Episode as a function of time

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



Definition of Constraints

The physical guantities, 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

u - Weight u Weight

u Position u  Velocity
u  Age u  Owner

u Degrees . Price

u etc u etc
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Example of Spatial Constraints

u Position/Velocity/Acceleration/Weight (Gravity)

RAikk

O

N
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Example of Spatial Constraints
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Definition of Behaviours

u Evolutions of properties
and constraints as
functions of time are
called behaviours.
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Dynamics Among N Entities

Time Time Time Time

N N 1\ N
&) [ Interaction ]| |[ Event ]|[ Episode ] [ Story ]l

&) |[ Interaction ] [ Event ]|[ Episode ]|[ Story ]
®
®
®

|[ Interaction ] [ Event ]|[ Episode ] |[ Story ]

Configuration

&

What is history? = a set of {stories}
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Example of Dynamics among N Entities

Are properties and constraints measurable?

Are they the manifestations of energies?
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We are living In the physical world on Earth

: e TS
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All existences on Earth are also
mani festati ons of e |

u  The popular energies include:

u  Chemical energy Formatter
u  Thermal energy
Dark energy
u  Mechanical energy 5 "
. g Dark matter ‘3
u Electrical energy o g
£ :
5 Neutrino o
Photons
Electrons Protons ;
M‘:}g::?jes \ | | S
Planets
Stars | ] ' Stars
Galaxy 7
Clusters ‘ ."I l" / Galaxies
of galaxies /
Black Clusters of galaxies
holes
! Black holes
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For example, energy is manifested
In the form of mass and speed
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For example, energy is manifested
In the form of mass and speed
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For example, energy is manifested in the
form of mass and the relative height

Elastic Potential Energy

il
=

Gravitational Potential Energy P.E

P.E = 1 Kx®

—|
~
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For example, energy is also manifested in the
form of force which makes a mass to undertake
a displacement
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Definition of Physical Quantities

u Physical guantities refer to the
guantifiable properties which are
possessed by physical entities or
physical systems.

u Physical quantities are manifestations
of energies In the form of signals.
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What Is signal?

Signal refers to the sum of periodic
changes of values (this is the
conclusion from Fourier Transform).

Periodic changes of values are due to
vibrations.

Vibrations are due to transfers of
energies.

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

~ Nikola Tesla

Periodic changes of values have
different frequencies.

Vibration = Oscillation = Sine Wave
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Example of Physical Quantities

Visible Invisible
u  Length u  Energy
u  Height
u  Mass
u  Volume
— Signals . Weight — Signals

u  Dimension

u  Shape u Force

u  Colour

) u Friction
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Example
Color Temperature

Length — T

Speed

Pressure Friction

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Two Missions of Human Beings on Earth
Ar e e

u To understand the world
u Science (Discovery of Knowledge)

u To change the world
u Engineering (Invention of Systems)
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The understanding of the world Is being

undertaken I n parall el

Pf”e' Civeset Sociology Astronomy
law, ethics, planetary science,
1027 — Visible Universe { : &\ economics cosmology
107
P R Psychology Geoscience
Pl :
10 r MI”(y Way ( Social developmental, climate, geology,
1018 - 4 Science cognitive oceanography
O 1015 - ) ’ ) R A
= e & S / Functional Biology
(= 1012= olar VStem ST e - physiology, medicine, ecology
£ 109 — Biological .
5 .« | Earth ’ S Cellular Biology
-ld-j 10> — biochemistry, evolutionary biology
g 1000 ‘ :
8 1 —+ Human Chemistry
Physical materials, chemical reactions
0.001 1 ’ ¥
L Cell s B Science =
106 - ‘€ . I Physics

Formal : -
. computer sclence, statistics
1015 Particle 4

v
String Theory?

. A va ol particle physics, thermodynamics
107 1 Atom N
1012 , _ Mathematics
al /

Logic

reasoning, philosophy
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The effective way to understand the world Is
to adopt the viewpoint of systems

Physical Quantities

Input Output

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Example of a robot system

A system has input A system has output
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Challenges faced by the activities of
understanding a system include:

u How to sense the physical '
guantities? _

(4

u How to measure the sensed values
of the physical quantities?

u How to find out the relationship
among the physical quantities?

u How to make use of the discovered
relationships?

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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How to Do Measurement?

In general, there are two ways of undertaking
direct measurements:

u Measurement by Comparison
u Which makes use of references

u Measurement by Sensing
u Which makes use of transducers

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Reference of Time

u  The value along an axis is called a coordinate.

Divisions or Coordinates

( | Time Axis

Origin or Reference Point
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Reference of Time Using 24 Meridians or
Time Zones with 0 at Greenwich in England
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Example of Using Clock in Each
Time Zone as Reference of Time

u Clock

u Always increasing
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Exampl e of Using Mi
System Clock as Reference of Time

outside world

;

program memory data memory input and
(flash ROM) (RAM) output ports
:'ff_ 4— —f address

bus

e

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



Nanyang Technological University

Unit of Time

The present standard of time unit was adopted in 1967.

c

u  The Cesiumatom can transit between two sets of states at two
lowest levels of energy.

v When bombarded by microwaves of certain frequency, Cesium
atoms undergo transition from one state to another state with
radiation.

u  One second is equal to the duration in which 9,192,631,770 cycles
of such radiation.
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Units of Measurement of Time

u  Time:
u  Century
u Decade
u  Year
u  Month
u  Week
u  Day
u  Hour

u  Minute

N

u Second Basic unit of measurement of time
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Reference of Mass
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Unit of Mass

u A particular cylinder of platinum -iridium alloy is
kept at International Bureau of Weights and
Measures at Sevres, Paris, France.

u The mass of this cylinder is one Kilogram.
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Units of Measurement of Mass

u Mass:
u Ton

u Kilogram < Basic unit of measurement of mass
u Gram

u Milligram

u Microgram
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Reference of Space (i.e. Length)

u  The value along an axis is called a coordinate.

w

FIIIIIIIIIIIIIIII’

_ An AXIS
Reference Point

N

.
|
Scale with divisions
Reference Direction
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Example of Reference of One-Dimensional
Space
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Example of Reference of Two-Dimensional
Space

y(m)
10
o(Xx, )
5
) o (5,3
0 : T
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Example of Reference of Three-Dimensional
Space

Height

i

- N

=
=
b |
R |
=

39.0”

/ ‘ 46.0 m S ’
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Unit of Length

u The present standard was adopted in 1983.

u We define that the speed of light in a vacuum is
299,792,458 m/s.

u  One meter is the distance travelled by light in a
vacuum within 1/299,792,458 seconds.
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Units of Measurement of Length

u Length:
u Kilometer

u Meter < Basic unit of measurement of length
u Centimeter

u Millimeter
u Micrometer
u Nanometer
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Units of Measurement of Speed

u Speed:

u Kilometer/hour

u Meter/second <— Basic unit of measurement of speed

1

=1

~

-\\

LY
L
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Example: What is the travelled distance by
a ship within 2 minutes If it moves at a
constant speed of 2 km/h?

T=2 x 60 =120 seconds
S=2x1000/ (60 x 60) =0.56 m/s

D=SXxT=0.56x120=67.2 meters

0 5 10
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Why to do sensing and measurement?

Indoor/outdoor Passenger Occupancy

temperature sensors _
Seat belt tension

Fuel level

Qil sensor

Rain sensor

Water cQolant
temperatyre

“/ 4

&

Oxygen sense A\ -

¥ . p

§ " u
W

| Parking sensor

fometer
i dometer
Tachometer

Tire pressure monitor

Anti thief sensors Wheel speed
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Why to do sensing and measurement?

MEMS & SENSORS : BEYOND THE HUMAN SENSES...

. ‘ a Vision
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Principle of Doing Sensing and Measurement

u Step 1:

u To sense the values of physical quantities
under measurement.

u Step 2:

u To calibrate the sensed values so as to obtain
final outputs which must be exactly equal to
the inputs (i.e. outputs with bounded errors).
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What Is the purpose of sensing?

u The purpose of sensing Is to detect the
value of physical quantities and to
output the corresponding readable

values.
Measurement
Outputs with unbounded errors
| . Sensing g
Physical Quantities
Under Measurement | |
. . Outputs Witb bounded errors
Calibration >
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Challenges faced by sensing include:

u How to sense the value of directly -detectable
guantities?

u How to sense the value of not-directly -detectable
guantities?
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Solutions of Sensing

Directly-detectable
Quantities

Readable Values

Ll

Not-Directly-detectable
Quantities

Directly-detectable

Quantities Readable Values

Cd
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What is the purpose of calibration?

u The purpose of calibration is to transform the
measurable values into the readable and
calibrated values which must be accurately
equal to the values under measurement.

Measurement
Outputs with unbounded errors
| . Sensing g
Physical Quantities
Under Measurement | |
. . Outputs Witb bounded errors
Calibration >
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Outline of Module 1

u Lecture 1:

u Basics of Physical World
u Lecture 2:

1 Randomness of Physical World
u Lecture 3:

u Basics of Conceptual Worlds
u Lecture 4.

u Fuzziness of Conceptual Worlds
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Module 1 Lecture 2
MA4822

Randomness of Physical World

Xie Ming, PhD (France)

mmxie@ntu.edu.sqg

http://personal.ntu.edu.sg/mmxie
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Outline
u  Concept of Randomness
EXAMPLES
u  Statistics of Truth Tree-1 Tree-2 Tree-n

u  Operations of Truth

u  Probability of Truth

u  Determination of Probability

u Prediction Using Bayesd0 Theorem

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



Nanyang Technological University

Outline
u  Concept of Randomness
EXAMPLES
u Statistics of Truth Tree-1 Tree-2 Tree-n

u Operations of Truth

u Probability of Truth

u Determination of Probability

u Prediction Using Bayesod Theorem
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We are living In a complex world

Abundance creates redundance which creates competition
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We are also living in a competing world,
which creates uncertainty é

u  Compete for success
u  Compete for failure

u  Compete for presence
u  Compete for absence

u Compete for

u Compete for

Signals and noises are also competing for occurrence
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Competitions cause randomness

For example,

uIna production line of automobile, the next finished car
could be in red, white, green, yellow, dark or silver color.

u At a gate of a university campus, the next person
entering the gate could be a male student, a female
student, a male faculty, or a female faculty.

u Today could be a raining, cloudy or sunny day.

u Signals/noises could compete for input to sensors.
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Example of competition by noises inside
measurement and sensing systems

u  There are multiple sources of noises with different magnitudes.
u  These noises compete for occurrence.

u  The outcome of measurement will be:

> True Value

m L
‘ : Variation
Measured Value \ Caused by Noise
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Definition of Randomness

u Randomness refers to the chance of
occurrence of truths (e.g. at input of sensing
systems).

u Truths refer to intended values (e.g. physical
guantities under measurement) or unexpected
values (e.g. true values + noises) from the
physical world.
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Example of Chance of Occurrence

u  What is the chance for a car
to appear from the opposite
direction within the next 30
seconds?

u  What is the chance for a car
to appear behind my car
within the next 15 seconds?
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Example of Chance of Occurrence

u  What is the chance for the air 4
temperature to be at 35 degrees - < Thermometer
Celsius at 10h00 am?

v What is the chance for the air
temperature to be at 26 degrees
Celsius at 20h00 pm?

Shelter

Altitude ——»

90 100 110 1208 COF Celsius

lemperature Fahrenheit

How to study randomness?

How to transform uncertainty into certainty?
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Nanyang Technological University

Outline
u Concept of Randomness
EXAMPLES
u  Statistics of Truth Tree-1 Tree-2 Tree-n

u Operations of Truth

u Probability of Truth

u Determination of Probability

u Prediction Using Bayesod Theorem
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Types of Values in the Physical World

u Analogue values S

7 \,\\5 Thermometer
7T\

Shelter

u Digital values

g
u Logic values
35 40 45
. 9|0 10I0 11|0 120 S Celsius
u Numeric values Temperature Fahrenheit

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



Nanyang Technological University

Concept of Truth

u One value, or a combination
of values, In the physical
world 1s called a truth.

> True Value

|
This iialtruth Vm :\/t -4 Dn

Variation
M red Value '
easured \ Caused by Noise
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Example

u A company Is running a production line, which
consists of three processes. Each process could
be in one of the two states:

u within control ( noise-level is within a limit ) and
u out of control ( noise-level is beyond a limit ).

u What are the truths about the state of the
operations in this production line?
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Answer

N\

u Let 1 represent the state of owi
u Let O represent the state of 0Oou

u  The set of truths about the eight states of operations is:

Process Process Process
1 2 3

000 100
001 101
010 110
011 111
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Concept of Population

u A set of measurable or observable
values in the physical world Is called
a population (or population in short).

Sub-Space for Truths

\
| \

u Population = {Past, Present, Future}

Sub-Space for Samples
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Concept of Sample Space

u For specific purpose or study, we may
not consider the entire population.

u Instead, we can choose a sub-set in a
population as the domain of interest.

u Such a subset in a population is called
a Sample Space
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Concept of Truth Space

u A sub-set of truths collected from a
population of truths is called a Truth
Space (Note: Truth space includes
sample space).

> True Value

|
This is a truth Vm :\/t - Dr]
L

$

Variation
Measured Value .
n (u_‘ Caused by Noise
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Example

u Atruth space of weather conditions could be {rainy, cloudy, sunny}.

u Atruth space of product conditions could be {faulty, operational,
good}.

u Atruth space of academic outcomes could be {fail, pass, good,
excellent}

u Atruth space of traffic situations could be {jam, crowded, fluent}.

u Atruth space of a sensor could be {20.1, 20.3, 19.7, 19.8, 20.2}
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Mean Value of Truth Space

Sample Mean Population Mean

__ X _ 22X
R o

where 2, X iz sumn of all data values

N is number of data items in population

Il 1= number of data items in sample
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Example

Sample Observations in the Sample (n=4) Sample Mean
1 25 50 80 85 60.0
2 25 50 80 90 61.3
3 4 50 80 100 63.8
4 25 50 85 90 62.5
5 25 50 85 100 65.0
6 25 50 90 100 66.3
7 25 80 85 90 70.0
8 25 80 85 100 72.5
9 25 80 90 100 73.8
10 25 85 90 100 75.0
11 50 80 85 90 76.3
12 50 80 85 100 78.8
16 50 80 90 100 80.0
14 50 85 90 100 81.3
15 80 85 90 100 88.8

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



Nanyang Technological University

Standard Deviation of Truth Space

a= [z [x-XF

n

T =  =standard deviation

% = sum of
w = each value in the data et
; = tmean of all wvalues in the data set

n = number of value in the data zet
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Example

u Asensor outputs a series of numbers such as {3, 12, 9, 4, 2}. Then,
we can compute:

X':(3+12+§+4+2):6

1 ~
3 (¥, - X
: N

L
Il
__.i_____

(3-6)+(12—-6+(9-6)° +(4-6)*+(2-6)?

-
I
—

5
B \/(9+36+9+4+16)
5 =
5
5 = ? ~ 3.847
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Example

The heights of a familyodos members

56, 38} (inches). Then, we can compute:

kﬁifiﬁﬁik

64 62
Helght (inches)

Variance = g2 = 127.43

= v127.43 = 11.29”

Standard Deviation = 11.29”
|

T H=59.11"

O 10 20 30 40 50 60 70 80 90
Scale of Measures (inches)

ar
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Concept of Statistics

u Statistics refer to the calculated
values from all the data of truth
space.

u Statistics indicate the properties or
certainties of truth space.
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Use of Mean and Standard Deviation

} 99.7% between £3 s.d. >’
P
}‘ 95.4% between 2 s.d. ’{
FSB.S% between +1 s.d.’~
s.d. = standard deviation
34.1% 34.1%
13.6% 13.6%
21% 21%
-3 -2 -1 Mean +1 +2 +3
s.d. s.d. s.d. s.d. s.d. s.d.
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Outline
u Concept of Randomness
EXAMPLES
u Statistics of Truth Tree-1 Tree-2 Tree-n

u  Operations of Truth

u Probability of Truth

u Determination of Probability

u Prediction Using Bayesod Theorem

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



Nanyang Technological University

A truth Is a set

It IS because

u A truth could be a combination of values from
the physical world.

fﬁiiiiﬁiiﬁ

7 67 46 38
Height (inches)

Variance o2 127.43

o = ¥v127.43 = 11.29”

Standard Deviation = 11.29”

f—

§— M 59.11"

0 10 20 30 40 50 6.0 70 80 90
Scale of Measures (inches)

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



Nanyang Technological University

Example of Truth Sets

u In a production line of assembling connectors,
there is a station for inspecting assembled
connectors. The inspection station takes three
connectors for inspection each time. The
outcomes of an inspection are either good or

defective.

u What Is truth set A that at least one connector Is
good?

u What is truth set B that only two connectors are
defective?
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Answer

u Let 1 represent the case of a good connector
u Let O represent the case of a defective connector

u Truth set A, that at least one connector is good, is
v {111, 110, 101, 100, 011, 010, 001}

u Truth set B, that only two connectors are defective, is

u {001, 010, 100}
Connector Connector Connector
1 2 3
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Operation 1: Intersection of Truths

u Two (or more) sets of truths share common
truths.

C=A1lB
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Example

u You are driving a car and enter a boulevard which has a series of
three junctions. At each junction, the traffic light can be in one of
the two states such as Working or Faulty. What is truth A that at
least one traffic light is in working state? What is truth B that at

least one traffic light is in faulty state? What is the intersection of
truth A and truth B?

H i
- |

|31 |32 13
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Answer

u Let W represent traffic light in working state, and F
represent traffic light in faulty state.

u  Truth A = {WFF, WFW, WWF, WWW, FWF, FFW, FWW}
v Truth B = {FWW, FWF, FFW, FFF WFW, WWR, WFF}

u Intersection of truth A and truth B Is:
v {WFF, WFW, WWF, FWF, FFW, FWW}
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Operation 2: Union of Truths

u Two (or more) sets of truths are combined
Into one set of truths.

C=A88B
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Example

u Along a boulevard, there is a series of three junctions. Each
traffic light can be in either working state or faulty state.
What 1 s truth A that at | east
wor king state? What 1 s truth
traffic light is in working state? What is the union of A and B?

2 1

5

|J1 |32 13
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Answer

u Let W represent traffic light in working state, and F
represent traffic light in faulty state.

u Truth A = {WFF, WFW, WWF, WWW}
v Truth B = {FWF, WWF, FWW, WWW}

u Union of Aand B Is
u {WFF, WFW, WWF, WWW, FWF, WWF, FWW}
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Special Case: Exclusive Truth Sets

u When two sets of truths do not have any
Intersection in a same truth space, these two sets
of truths are mutually exclusive.

u Exclusive truth sets within a same truth space
cannot occur at the same time.

u Exclusive truth sets within a same truth space are
competing truths.
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Example

u Exclusive truth sets of product conditions:
u {good} verse {defective}

u Exclusive truth sets of material states:
u {solid}, {liquid}, and {gas}

u Exclusive truth sets of leg actions:
u {push}, {swing}, {support}, and {carry}

u Exclusive truth sets of gender:
u {male} verse {female}
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Outline
u Concept of Randomness
EXAMPLES
u Statistics of Truth Tree-1 Tree-2 Tree-n

u Operations of Truth

u  Probability of Truth

u Determination of Probability

u Prediction Using Bayesod Theorem
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Truths can compete for occurrence

For example

u  The truth of being rainy faces the competitors such as being sunny,
and being cloudy.

u  The truth of being good faces the competitor of being defective .

u  The truth of being red traffic light faces the competitors such as being
yellow traffic light and being green traffic light .

u  The truth of being in working condition faces the competitor of being
in faulty condition .
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Can we truthfully predict a winner
INn a competition?

Answer:

u No, one cannot truthfully predict the
winner in a competition.

u However, one can evaluate the chance for
an entry to be the winner (i.e. chance of
occurrence) in a competition.
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How to study the chance of occurrence of
a truth which has other competing truths?

Answer:

u To use the theory of probability .

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Definition of Probability

u Probabillity is a percentage which
predicts the chance of occurrence of
a truth in the presence of all the
other competing truths.
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Properties of Probability
u Probabillity is about prediction.

u Probabillity Is about predicted
chance of occurrence of a truth.
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Computation of Probability

u If T represents a truth, the probability of T is:

Occurencef T
TotalOccurenct

P(T) =
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Rule 1 of Probabillity

u If a truth does not have other competing
truth, its probabillity is equal 1.

Example:

u Truth Ais that the Earth is rotating about
the Sun. Then, P(A) is equal to 1.
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Example

u Your smart car is moving along a boulevard which has a
series of three junctions. Each traffic light can be
changed to either red or green. Assume that three
traffic lights are independent and that they have equal
chance to be in red or green. What is the probability
for three traffic lights to be in red together?

- - =

J1 J2 J3
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Answer

u Let R represent red traffic light and G represent
green traffic light.

u Truth Space = {GGG, GGR, GRG, GRR, RGG, RGR,

RRG, RRR}
P(TruthSpacefF1
u Probability of RRR is: 1
P(RRR = 5
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Rule 2 of Probabillity

u If set A contains multiple truths, then P(A) is the
sum of the probability of each truth.

T=16,8,..6}

P(T)=P(e)+P(e)+...+P(e)
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Example

u You drive a smart car along a boulevard which has
a series of three junctions. Each traffic light can
be changed to either red or green. What is the
probability of truth A that at least two traffic
lights are in green?

5

|J1 |J2 13

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



Nanyang Technological University

Answer

u Let R represent red traffic light and G represent
green traffic light.

u Truth A={GGR, GRG, RGG, GGG}

u Probability of Alis:

P(A) = P(GGR) + P(GRG) + P(GGR) + P(GGG)
J1,1.1.1_1

88882
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Rule 3 of Probabillity

u If truth set B Is the complement of truth set A,
then the sum of probabilities of Aand B is
equal to one. It means that it is 100% certain

that one of them will occur.
B=xA

P(A)+P(B)=1

P(xA) =1- P(A)
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Example

u You drive a smart car along a boulevard which has a
series of three junctions. Each traffic light can be
changed to either red or green. Truth A is that at least
two traffic lights are in green. What is the complement
of truth A?
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Answer

u Let R represent red traffic light and G represent
green traffic light.

. Truth A= {GGR, GRG, RGG, GGG}

u Complement of Alis:
u {GRR, RGR, RRG, RRR}
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Rule 4 of Probabillity

u Truth A and truth B are not mutually
exclusive.

u The probability of their union is:

P(A8 B) =P(A)+P(B)- P(Al1 B)
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Example

u You drive a smart along a boulevard which has a
series of three junctions. Each traffic light can be
changed to either red or green. Truth A is that at

| east jJjunction 10s traffic
I s that at | east Junction 2
green. What is the probability of the union of A
and B?
§ 5
i
|Jl |32 33
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Answer

u  Let R represent red traffic light, and G represent green traffic
light.

u  Truth A= {GRR, GRG, GGR, GGG}
u  Truth B = {RGR, GGR, RGG, GGG}

u Union of Aand B is: {GRR, GRG, GGR, GGG, RGR, RGG}
u Intersection of A and B is: {GGR, GGG}

u  The probability of their union is:

P(A8 B) = P(A) + P(B) - P(A1l B)
= P(GRR + P(GRG) + P(GGR) + P(GGG) + P(RGR + P(RGG)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Rule 5 of Probabillity

u Truth A and truth B are mutually exclusive.
The probability of their union is:

P(A8 B) =P(A) + P(B)

Al B = Null

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Rule 6 of Probabillity

u Truth A and truth B are not mutually
exclusive. The probability of their
Intersection is:

P(Al1 B)=P(A)P(B|A)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Proof 5 o
P(AL B) = ccurencef A an
TotalOccurrence
P(AL B) = Occurencef A andB, Occurencef A

TotalOccurrence Occurrencef A

Occurencef A andB
Occurrencef A

P(A1B)=P(A3 P(B|A @g

P(A1 B) = P(A)?

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Definition of Conditional Probability

u If truth A and truth B are related, the
probability of B given A (or A given B) Is
called a conditional probability.

P(Al B)=P(A)P(B|A) =P(B)P(A|B)

¢

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

u Along a boulevard, there is a series of three junctions.
Each traffic light can be changed to either red or green.
Truth A 1 s that at | east | u
green. Trwuth B I s that at |
In green. What is the probability of the intersection of A

and B?
i | _
- I
|Jl |32 J3
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Answer

u Let R represent red traffic light, and G represent green traffic
light.

. Truth A = {GRR, GRG, GGR, GGG}
. Truth B = {RGR, GGR, RGG, GGG}

u  Union of Aand B is: {GRR, GRG, GGR, GGG, RGR, RGG}
u Intersection of A and B is: {GGR, GGG}

u  The probability of their intersection is:

P(Al B)=P(A)P(B| A

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Rule 7 of Probabillity

u Truth A and truth B are from two different
truth spaces. Then, A and B are

Independent. The probability of their
Intersection Is:

P(Al B)=P(A)P(B)

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

u  We have two parallel avenues in a city, each of which has three
traffic lights that are independently operated. Truth A is that at
least two traffic lights in avenue 1 are in green. Truth B is that at
least two traffic lights in avenue 2 are in red. What is the
probability of the intersection of A and B?

Avenue 1

13

Avenue 2

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Answer

u Let R represent red traffic light, and G represent green traffic
light.

u  Truth A= {GGR, GRG, RGG, GGG}
u  Truth B = {RRG, RGR, GRR, RRR}

u A and B are independent because they are from different truth
spaces.

u  The probability of their intersection is:

P(Al B) = P(A)P(B)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Outline
u Concept of Randomness
EXAMPLES
u Statistics of Truth Tree-1 Tree-2 Tree-n

u Operations of Truth

u Probability of Truth

u  Determination of Probability

u Prediction Using Bayesod Theorem
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How to determine probability?

J

S {]’?x).dx

Answer:

u  Use of recorded data in the past

u Use of experiences /

u Use of probability mass (i.e., distribution ) functions

a b x

Misleading Wording

u Use of probabillity ( distribution ) density functions

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



Nanyang Technological University

Determination of Probability from
Recorded Data

u We have a set of exclusive truths. The
probability of one exclusive truth is the ratio
between the occurrence of the truth and the
total occurrence of all the exclusive truths in
the set.

_ Occurencef T.
TotalOccurrenc

P(T;)

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

u The past year records show that Beijing had 100 of
rainy days, 150 days of sunny days and 115 days of
cloudy days in 2012. What is the probability for
tomorrow to be a sunny day?

Answer:

P(Sunny = 150 _ 41.1%

365
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Determination of Probability from
Experiences

Example:

u In a production line of assembling a product, there are five types
of defects. According to experiences in the past years, there is an
equal chance for each of these five defects to occur. If each defect
IS being measured by a sensor which will output 1 when the defect
occurs, what is the probability for sensor No. 3 to output 1 in the
next minute?

Answer:
1

P(T,) = - = 20.0%

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Determination of Probability from
Mass (i.e., Distribution) Functions

If f(x )Iisaprobabiliy masdunction,then:

T(x)20

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

v Let T denote the number of semiconductor
wafers that need to be analyzed in order to
detect a large particle of contamination.
Assume that the probability that a wafer
contains a large particle is 0.01, and that the
wafers are Independent. Determine the
probability massfunction of T.

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Answer

u Let Obd® 1 ndi ca
t hat

e that the a | arge p
Il ndi cat e a 0

t a
a | arge particle 1is k

u  Then, the truth space of T consists of independent sub -truth

u Hence, T is:

u T={b, ab, aab, aaaab, €}

u  The probability mass function of T will be:
P(T =1) = P(b) = 0.01
P(T = 2) = P(ab) = P(a)P(b) = 0.990.01
P(T =n) =P(a"™'b) = P"*(a)P(b) =0.99"* 10.01

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Typical Probabllity Mass Functions

Uniform Function

1 .
f(x)==.i=12..
(%) n" 12,..n

Binomial Function

f (k) :%r:gpk(l- )" k=012,.n

Poisson Function

f)=5"  k=012..n

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Determination of Probability from
(Distribution) Density Functions

f (X) isaprobability densityfunctionif it satisfies

1.f(x)2 0 :
) f(x)
2. fif(x)dx=1 P(a< X <b)
. X
3. P(a¢t X ¢b)= aﬁf(x)olx " .
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Exercise

Let thetruth X representhediameteof aholedrilled
In ametalcomponen T hetargetdiameters12.5millimeters.
It wasfoundthatmostrandondisturbanesto theprocess
will resultin obtaininglargerdiametersAnd, historicaldata
showthat theprobabiliyy of X canbemodeledoy a
probability densityfunction:

f (X) =20e 21 x2 125
If apart withadiametetarger thal2.60millimetelsis
scrappedwhatportionof partswill bescrapped?

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Answer

f (X) =20e 221> x2 125

P(X >12.6) = 06 2 129dx=- g 2*129|" =(,135

12.6
12.6

So,theportionof 13.5%of partswill bescrapped.
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Probability Density Function of
Uniform Distribution

Truth X representhecontinuousvariableassignedo
anexperimenbor trialswith competingoutcomes.

If theprobability densityfunctionof X canbedescribed
by:

f(x):bi,actxq:b

thenX hasauniformdistribution.

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Probabllity Density Function of
Normal Distribution

Truth X representhecontinuousrariableassignedo
anexperimenbor trialswith competingputcomes.

If theprobability densityfunctionof X canbedescribeds:

1 _(X'WZ
f(x)=N(ms®*)=——e 2, -a<x<n

svJ2p

thenX hasa normaldistribution withparametergands
wherethemeanof X is mandthestandardleviationof X iss.

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Outline
u Concept of Randomness
EXAMPLES
u Statistics of Truth Tree-1 Tree-2 Tree-n

u Operations of Truth

u Probability of Truth

u Determination of Probability

u Prediction Using Bayesd0 Theorem

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

u A production line has n processes which are independent. If
none of the processes is faulty, the production line is in
normal condition. Assume that only one process could be
faulty at one time. When there is one faulty process, the
production line will be under repair condition. Let truth B
represent the fact that the production line is in repair
condition. Lettruth Eir epr esent the fact
sensor is faulty. What is the probability of B? What is the
probability of E1 when B occurs?

A 4

— Process 1

| | |

Faulty Faulty Faulty
Sensor E1 Sensor E2 Sensor En

Process2 —— — Processn ——
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Answer

u Truths of causes: {E1, EZ2,
u Truth of effect: {B}
u  Probability of B:
P(B) =P(B due to E1) + P(B due t «

P(B) = P(E, 1 B) + P(E, 1 B) +...+ P(E. 1 B)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Answer (continued)

u  Probability of intersection between B and E1.:

P(E, 1 B)=P(E [B)P(B) =P(B|E)P(&)

P(B|E)P(E)
P(B)

P(E, |B) =

\

This is the probability of E1 when B occurs.
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Answer (continued)

P(B|E)P(E)

P(E |B) = P(B)

P(B|E)P(E,)
P(E, 1 B) +...+ P(E, 1 B)

P(E, |B) =

P(B|E)P(E)

S o B IE)P(E) +...+ P(BIE)P(E,)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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BayesO0O Theorem

Truth of effectA isrelatedtoasetof truthsof cause§E .,i =1,2,...,n}.
Thetruthsof causesremutuallyexclusive.

WhenA occurstheprobability for usto concludethat thecauses E.
canbecomputedy:

P(AIE)P(E)

P(E/|A) = P(A|E,)P(E,) + P(A|E,)P(E,) +...+ P(A| E,)P(E,)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Summary

u  Concept of Randomness
EXAMPLES

Tree-1 Tree-2 Tree-n

v Statistics of Truth

u  Operations of Truth

u  Probability of Truth

u  Determination of Probability

u Prediction Using Bayesodo Theorem
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Outline of Module 1

u Lecture 1:

u Basics of Physical World
u Lecture 2:

u Randomness of Physical World
u Lecture 3:

u Basics of Conceptual Worlds
u Lecture 4.

u Fuzziness of Conceptual Worlds

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Warm-Up Questi ons €
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Are human beingo0s sensor’

\., N
YOUVEIGOT THEPERFECT
BUILDFORIAISULT
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What are the magic outcomes from fuzzy sensory systems?

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
38
Concept Network o 3
=. 0
a 2
w o
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
m .
Word 3 CBT Entity
2
Properties Constraints = % Properties Constraints
«Q
[ .
Usages Behaviors
Space- Vector - Time Space- Vector - Time
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Outline

u  Representation of Knowledge

LAaNGUAGE FaMILIES
e b s e

Sixes of the bes

u  Definition of Conceptual Worlds

u  Creation of Conceptual Worlds

u Invention of Natural Languages

Invention of

u Invention of Technical Language
Human Languages

u Invention of Programming Languages (a language is a virtual sensor
__J which produces outputs of symbols)
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Outline

u  Representation of Knowledge

Invention of
Human Languages

u (a language is a virtual sensor
__J which produces outputs of symbols)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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What is knowledge? .
Physical
Visible Face World Hidden Face

/ Object Flow Knowledge Flow \

\ Copyright @ Ming XIE /
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What Is the universe?

u The universe consists of three types of world:

u The world of matters (flow of objects)
Its digital twin is the set of virtual scenes

u The world of laws (flow of knowledges) # Next Slide
Its digital twin is the set of conceptual worlds

u The world of lives (flow of souls)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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What is the future challenge faced by
measurement and sensing systems?

u The future challenge is to transform big data
Into smart data with embedded description of
knowledge from the universe.

R
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What is the best way to represent
knowledge from the universe?

u The use of human languages which consist of:

u Natural Languages

u Technical Language

u Programming Languages

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

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Outline

u  Definition of Conceptual Worlds

Invention of
Human Languages

u (a language is a virtual sensor
__J which produces outputs of symbols)
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Definition of Conceptual Worlds

uThe descri ption of the
knowledge in terms of properties, constraints
and behaviors in the form of texts of a human
language is called a conceptual world.

» Human »
World ‘ ‘ Worlds

> Cameras —— Videos
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Discussion 1

u A human being can learn any human language.

u Is It true?

u Why? Body)«——|Brain i=¥®
- Action - Memory - Cognition
- Reaction - Computation - Recognition
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Discussion 2

u An animal, such as dog, cat and others, can

never master a human language regardless of
the effort of teaching.

o Is it true? e

—

- @

- Action - Memory - Cognition
- Reaction - Computation - Recognition
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Discussion 3

u What is the greatest invention in human history?

u It is human language.

- &
u Why? | |
Body)«—Brain) «—
- Action - Memory - Cognition
- Reaction - Computation - Recognition
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Nanyang Technological University

Discussion 4

u What is the common way of representing knowledge?

u Itis the use of human languages, which produces texts.

u Why?

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

u What is a human language?

u Itis a set of words and rules for the purpose of
projecting knowledge from the physical world into
language-specific texts which form a conceptual world.

0> e | Y
World ‘ ‘ Worlds

| > Cameras —— Videos

u Why?

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Outline

u  Creation of Conceptual Worlds

Invention of
Human Languages

u (a language is a virtual sensor
__J which produces outputs of symbols)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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There Are Two Major Applications
with the Use of Human Languages

u Description of Knowledge

u From meanings in physical world to meanings
In conceptual worlds (symbol grounding)

u  Understanding of Knowledge

u From meanings in conceptual worlds to meanings
In physical world (mental imagination)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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What i1s knowledge description?

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

» Human »
‘ ‘ Worlds

> Cameras — Videos

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



Nanyang Technological University

Example of Using Natural Language

u Description of a dynamic scene:

Physical World

Conceptual World

A car IS moving

{mm) | on a mountain

road.
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Example of Using Technical Language

u  How to determine an acceptable initial angular velocity at which the mass
will swing over from the left to the right?

f =- mgLsm(q ) Approximate solution
1 TT t1 |
_t_t _ gsing)
mL® L
‘ Qo ‘
| O ] UO E4+- EO
1o 2o

5 Wy - [%Sin(%)] Tt=0

1
| Gurmt+Zat® =0
S S S S S S S S S X, 2
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What Is knowledge understanding?

u Itis the process of reconstructing the knowledge
of the physical world from texts in human
languages.

» Human »
‘ ‘ Worlds

> Cameras —— Videos
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Example of Understanding Natural Language

Visualized Meanings inside 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 p ~— " T
I S
Conceptual World '
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Hence, the Use of Human Languages
Actually Creates Co

u The texts in any human language are
considered as a conceptual world because they
describe the clusters of properties, constraints,
beh%viors, events and episodes in the physical
world.

u Atext is composed of
u Sentences, and
u Questions.
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Models of Sentences in English

u Noun phrase + Verb Phrase + Noun Phrase

u He asks Teacher for helps.

u Subject + Verb + Object 1 |/ Object
u Subject + Verb + Indirect Object + Direct Object

u  The teacher gives us three assignments.

u  The robot brings me a drink.

u Subject + Verb + Object + Object Complement

u  We complete the assignments timely.

Subject + Verb + Object + Adverbial (Adverb/Preposition)

He finished all the lectures happily yesterday.
The robot picks up a key from a table.
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Types of Sentences

u Simple sentences

u  The robot starts working at 8n30 daily.
u Compound sentences

u Robot A is doing assembly and robot B is doing painting.
u Complex sentences

u I look at the robot which is doing material handling.
u Requests

u  Enjoy your study! Have a nice day! Hand in the reports by 2 pm.
u  Commands

u  Finish the works by 5 pm! Enter the building! Switch off the light!
u Exclamations

u What a wonder f ul robot ! | snot the robo
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Models of Questions in English

u Yes/No Questions
u Verb + Subject

u Is this machine a robot?

u  Can a robot kill us?

u  WH Questions
u Verb + Subject + Verb

u  Who give you that robot?
u  How many hours can the robot work?
u Tag Questions
u Declarative sentence + Question Tag
u A robot can do dirty jobs, isndét it?

u He has not yet bought any book, has he?

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Outline

LAaNGUAGE FaMILIES

Sixes of che branches represent the

u Invention of Natural Languages
| Invention of
Human Languages
u (a language is a virtual sensor
__J which produces outputs of symbols)
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A St atement =

u A human language which consists of
natural language, technical language
and programming languages, Is the
outcome of invention motivated by

discovery. o Ming XIE
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Proto-Indo-European
Italic Hellenic Albanian Germanic Indo-Iranian Celtic Armenian Balto-Slavic
N cl ' | rish Breton
. assica 5
Latin Oscan Albanian Scoftis Manx
Greek P\Welsh Old Armenian
East . :
. Indic Iranian
Gal!n- Greek Germanic Armenian
Iberian North
Eastern . . . Old  Avestan
Italian Romance Germanic Gothic Sanskrit Paralan Baltic
Gallic
. Latvian
Romanian Mg? u,;:ﬁ Madie Lithuanian v
Old East Old West PF‘ ! Persian o
Morse Morse u"ja
. . Hi i
Swedish l\lt‘:‘elandlc Whet ndystani £ orsi Kurdish South
Danish Norwegian = /\q Slavic
Hindi Urdu Bulgarian
y Catalanoceitan Sﬂl'tllal':I
Iberian Anglo- Croatia
Frisian yeeal
Langue d'0il Slavic Y
Old High East
Y _ German Czech Slavic
Galician-  Spanish  Old French Old English Old Dutch
Portuguese ol Polish
Frisian Middle High
\ Middle French Middle English Widdie Lutch Gamman
Galician Erisian Ukrainian
Y Y
Portuguese French Modern English Dutch Afrikaans German Yiddish ~ Russian
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Definition of Natural Languages

u Itis a set of words and rules for the
purpose of projecting knowledge of the
physical world into texts which form
conceptual worlds.

» Human »
World ‘ ‘ Worlds

| > Cameras ——> Videos
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Example of Using

Nat ur al

Language
April 2024

/ 1990s

You see it in Japan.

How to tell your friends
in Singapore?

e

Japan \

£

)

—

Singapore
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