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Facts

Data f
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What is the
meaning of
“knowledge”?
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Knowledge Representation

What is the
meaning of Symbols standing for things in the world

“representation”?

- First aid
- women

“John loves Mary” - The proposition that

John loves Mary

Stanford CS227
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Knowledge vs Expert Systems

Knowledge representation is key to the
success of expert systems.

S
Expert systems are designed for
knowledge representation based on

~ . rulesof logic called inferences.
Knowledge affects the development,
efficiency, speed, and maintenance of
- thesystem.

Expert Systems: Principles and Programming, Fourth Edition
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Arguments in Logic @FH"UM

An argument
refers to the
formal way facts
and rules of
Inferences are
used to reach
valid conclusions.
- NS

The process of
reaching valid
conclusions is
referred to as
logical
reasoning.

Expert Systems: Principles and Programming, Fourth Edition
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1)Wisdom : using knowledge
Wisdom in beneficial way

‘ 2) Meta knowledge : Rules
about knowledge

3) Knowledge : Rules about
using information

4) Information : potentially
AR - o knowiedge

facts

5) Data : potentially useful
information
6) Noise : no apparent
information

Expert Systems: Principles and Programming, Fourth Edition
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Meta Knowledge @FHKUM

¥ Meta knowledge is knowledge about knowledge and
expertise.

¥ Most successful expert systems are restricted to as
small a domain as possible.

€ |n an expert system, an ontology is the meta
knowledge that describes everything known about the
problem domain.

®Wisdom is the meta knowledge of determining the best
goals of life and how to obtain them.

Expert Systems: Principles and Programming, Fourth Edition
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Algorithm + Data Structures = Programs

Knowledge + Inference = Expert Systems

Wisdom
Expert systems :

‘ 1. Separate from noise
2. Transform data into
- information
—3 Transform information to

Yuita Arum Sari, S.Kom, M.Kom



The Philosophers of Knowledge @F"KUM

Descartes

...and many others

David Hume Kant

Expert Systems: Principles and Programming, Fourth Edition
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Epistemology @fukﬂm
[! EPISTEMOLOGY \

L L )

& N A ™
PHILOSOPIC A PRIORI A POSTERIORI
THEORIES

.| KNOWLDEGE .| KNOWLEDGE

_ . \_ »

Aristoteles, » Epistemology is the formal study of
Plato, Kant, knowledge .
Locke, Mill, etc » Concerned with nature, structure,
© and origins of knowledge.

Expert Systems: Principles and Programming, Fourth Edition
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A Priori and Posteriori Knowledge @F"I{OM

s

A priori
“That which
o A4 precedes”
Independent of the
Universally true
o4
Cannot be denied
without contradiction
\_/’/\

Expert Systems: Principles and Programming, Fourth Edition

A posteriori

“That which follows”

y

O

Derived from the
senses

. \
Now always reliable

Yuita Arum Sari, S.Kom, M.Kom

Deniable on the basis
of new knowledge w/o
the necessity of |
contradiction




Further Classifying of Knowledge @fl[’{ﬂ”

DECLARATIVE TACIT
———————————

( A e a e ™
Knowing how to Knowledge that Unconscious

do something: something is true knowledge
; - or false (insensible)

Fix a watch N J N J
L ) e N e A
nstall a wind Usually associated Cannot be

nstall a window with declarative expressed by
, : statements \Ianguage )
Brush your teeth - o . o
e : E.g., “Don’ t touch =g-, knowing
\Rlde a bicycle ) \that hot wire. breath, etc

Expert Systems: Principles and Programming, Fourth Edition
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Knowledge in Rule-Based Systems @Fl[’{ﬂm

Knowledge is part of a hierarchy.

\&

| Knowledge refers to rules that are activated by facts or

- other rules.
N >

Activated rules produce new facts or conclusions.
& 7

Conclusions are the end-product of inferences when
kdone according to formal rules.

Expert Systems: Principles and Programming, Fourth Edition
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Productions

A number of knowledge-representation techniques have been devised:

Rules
Parse tree of a sentence:
Semantic Nets Sentence
Frame /\
Subject Phrase Verb Object Phrase
Scripts /\ /\
Determiner ~ Noun Determiner  Adjective Noun
Logic
the man was a heavy eater
Conceptual Graph

A parse tree or derivation tree is graphic
representation of a sentence.

Expert Systems: Principles and Programming, Fourth Edition

Yuita Arum Sari, S.Kom, M.Kom




S FILKOM

» Knowledge can also be represented by symbols of logic.

» Logic is the study of rules of exact reasoning — inferring
conclusions from premises.

» Automated reasoning — logic programming in the
context of expert systems.

» Earliest form of logic was based on the syllogism —
developed by Aristotle.

» Syllogisms — have two premises that provide evidence
to support a conclusion.

Example:
Premise: All cats are climbers.
Premise: Garfield is a cat.

Conclusion: Garfield is a climber.

Expert Systems: Principles and Programming, Fourth Edition
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Logic — Venn Diagram @[’"l{ﬂ"

» Venn diagrams can be used
represent knowledge.

» Universal set is the topic of
discussion.

» Subsets, proper subsets,
Intersection, union , containec
In, and complement are all
familiar terms related to sets.

» An empty set (null set) has nc
elements.

Expert Systems: Principles and Programming, Fourth Edition
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Formal logic is concerned with syntax of statements, not
semantics.

Syllogism:
All goons are loons.
«Zadok is a goon.
«Zadok is a loon.

The words may be nonsense, but the form is correct — this is
a “valid argument.”

Expert Systems: Principles and Programming, Fourth Edition
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Logic — Propositional Logic @FFH{HM

Propositional logic uses true statements to form or

prove other true statements.
> Representation (syntax): How to represent a
proposition.
» Reasoning (algorithm): How to create or prove new
propositions.
Representation of propositional logic
A propositional symbol and connectives (!, *, +, =>,
<=>)
Example:
C =“It's cold outside” ; C is a proposition
O = “It's October” ; O is a proposition
If O then C ;if it’s October then it’s cold outside

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



The Feature of Propositional Logic @Fﬁi’{ﬂm

» Concerned with the subset of declarative sentences that
can be classified as true or false.

> We call these sentences “statements” or “propositions”.

» Paradoxes — statements that cannot be classified as true or
false.

» Open sentences — statements that cannot be answered
absolutely.

» Compound statements — formed by using logical
connectives (e.g., AND, OR, NOT, conditional, and
biconditional) on individual statements.

» Material implication — p — g states that if p is true, it must
follow that q is true.

» Biconditional — p < g states that p implies g and g implies p.

Expert Systems: Principles and Programming, Fourth Edition
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The Feature of Propositional Logic @fl[’{ﬂ"

@ Tautology — a statement that is true for all possible cases.
@ Contradiction — a statement that is false for all possible cases.
@ Contingent statement — a statement that is neither a tautology

nor a contradiction.

Table 2.4 Truth Table of the Binary Logical Connectives

P q P~q Pvq P—9q pPeq
T T T T T T
& F F & F F
F 5 F T T F
F F F F i b T

Table 2.5 Truth Table of Negation Connectives

P ~P

T
F

Expert Systems: Principles and Programming, Fourth Edition
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The propositional expression of P,Q,R @fl[’{ﬂm

-~ (-P)=P

PvQ)=-P—->Q)

the contrapositive law: (P - Q)= (— Q > — P)

de Morgan’s law: = (Pv Q)= (—wPA—-Q)and = (PAQ)=(—-Pv-Q)
the commutative laws: (P A Q)= (QAP)and (Pv Q)=(Q Vv P)

the associative law: (P A Q) A R)= (P A (Q A R))

the associative law: (P v Q) v R)= (P v (Q v R))

the distributive law: P v (QA R)=(P v Q) A (P v R)

the distributive law: PA (QVv R)=(P A Q) v (P A R)

Expert Systems: Principles and Programming, Fourth Edition
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Logic — Predicate Logic @Fﬂl‘ﬂm

Same connectives as propositional logic
Propositions have structure: Predicate/Function +

arguments.
R, 2 ; Terms. Terms are not individuals, not propositions
Red(R), (Red R) ; A proposition, written in two ways
(southOf UnicornCafe UniHall) ; a proposition
(+ 2 2) ; Term, since the function + ranges over numbers

Quantifiers enable general axioms to be written
(forall ?x
(iff (Triangle ?x) (and (polygon ?x)
(numberOfSides ?x 3)))

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



Logic — Predicate Logic @fﬂl‘ﬂ”

Although Propositional Logic 1s
complete ...
It 1s still inadequate.

All A are B All men are mortal.
nis A Socrates 1S a man. VALID
nis B Socrates 1s mortal.

To capture what makes this form valid we need to notate the
subject and predicate of a proposition.

Note: We need logic laws that work for statements involving
guantities like “some” and “all”.




Logic — Predicate Logic @FHKHM

A Predicate is a declarative sentence whose true/false value

depends on one or more variables.

The statement “x is greater than 3" has two parts:

» the subject: x is the subject of the statement

» the predicate: “is greater than 3” (a property that the subject
can have).

We denote the statement “x is greater than 3" by P(x), where P is

thepredicate “is greater than 3" and x is the variable.The

statement P(x) is also called the value of propositional function P

at x.

Assign a value to x, so P(x) becomes a proposition and has a

truth value:

P(5) is the statement “5 is greater than 3", so P(5) is true.

P(2) is the statement “2 is greater than 37, so P(2) is false.

Lucia Moura, Wintter 2010



Logic — Predicate Logic @f’ll‘ﬂ”

Given each propositional function determine its true/false
value when variables are set as below.
1. Prime(x) = “x is a prime number.”
» Prime(2) is true, since the only numbers that divide 2
are 1 and itself
» Prime(9) is false, since 3 divides 9.
2. C(x, y)="xis the capital of y”.
» C(Ottawa,Canada) is true.
» C(Buenos Aires,Brazil) is false.
3. E(X,y,z)="x+y=2Z".
> E(2,3,95)is ...
> E(4,4,17)is ...

CSI12101 Discrete Structures Winter 2010: Predicate Logic

Lucia Moura, Wintter 2010



Logic — Predicate Logic

greater_than(2, 3)

e AN

Predgcz?te
Symbo term (constant)

mother_of(joe, susan)
mother_of(sister _of(joe), susan)




Production Systems @Fﬂl‘ﬂM

Production rules are one of the most popular and widely
used knowledge representation languages.
Production rule system consists of three components

» working memory contains the information that the
system has gained about the problem thus far.

» rule base contains information that applies to all the
problems that the system may be asked to solve.

» interpreter solves the control problem, i.e., decide
which rule to execute on each selection-execute
cycle.

Used both for KR and Problem solving system

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



O A classic representation technique for propositional information

O Propositions — a form of declarative knowledge, stating facts (true/
false)

Q Propositions are called “atoms” — cannot be further subdivided.

0 Semantic nets consist of nodes (objects, concepts, situations) and
arcs (relationships between them)

Intuition base:
An important feature of human memory is the high number of
connections or associations between the different pieces of
information contained in it.

There are two types of primitive
« Nodes correspond to objects, or classes of objects, in the world
* Links are unidirectional connections between nodes and
correspond to relationships between these objects

Expert Systems: Principles and Programming, Fourth Edition

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



m @FAKUL'AH fAeMYy KOMNPUTER

Major problem with semantic
nets is that although the name
of this knowledge
representation language is
semantic nets, there is not,
ironically, clear semantics of
the various network —
representations. For the above y
example,

* it can be interpreted as the
representation of a specific
bird named Tweety, or

* it can be interpreted as a
representation of some
relationship between Tweety,
birds and animails.

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



Common Used Links :

¢ IS-A

 PART-OF

« MODIFILES: on, down, up, bottom, move to,...

» Link types are set up for specific domain knowledge

Example of Semantic Nets :

CSFILKOM

My car is tan and John'’s car is green |
Towner color

For particular domain : carl tan
« make up a set of link-types is-a
« create a set of nodes
« connect them together car
« ascribe meaning

is-a car? color areen
Programs to manipulate the knowledge :
> LISP lowner
» CL john

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University




Two Types of Semantic Nets @fl[’{ﬂm

LTAB frAaMYy KOMNMPUTER

San Francisco New York

sister-of

Los Angeles
Carol David

wife-of
husband-of

wife-of
husband-of

(a) A General Net

father-of

mother-of

mother-of father-of
wife-of

hushand-of

Tom

Susan

mother-of father-of

John

Expert Systems: Principles and Programming, Fourth Edition (b) A Semantic Net




“ @ A YAVE

“* Knowledge Structure — an ordered collection of
knowledge — not just data.

* Semantic Nets — are shallow knowledge
structures — all knowledge is contained in nodes
and links.

“ Schema is a more complex knowledge structure
than a semantic net.

*» In a schema, a node is like a record which may
contain data, records, and/or pointers to nodes

Expert Systems: Principles and Programming, Fourth Edition




m @ A VAV

» One type of schema is a frame (or script — time-ordered sequence
of frames).

» Frames are useful for simulating commonsense knowledge.

» Semantic nets provide 2-dimensional knowledge; frames provide 3-
dimensional.

» Frames represent related knowledge about narrow subjects having
much default knowledge.

> Aframe is a group of slots and fillers that defines a stereotypical
object that is used to represent generic / specific knowledge.

» Commonsense knowledge is knowledge that is generally known.

» Prototypes are objects possessing all typical characteristics of
whatever is being modeled.

» Problems with frames include allowing unrestrained alteration /
cancellation of slots.

Expert Systems: Principles and Programming, Fourth Edition




S HE.

» Frame: a knowledge representation technique
which attempts to organize concepts into a form
which exploits inter relationships and common
beliefs

» frame-based KR is analogous to object-oriented
programming; the difference is the entities encoded

» A frame is similar to a record data structure or
database record:

» Frame has slot names and slot fillers, and usually
arranged in a hierarchy

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



Structure of frame (1)

Frame name
slot: value , value, ...

Frames often allowed slots to
contain procedures.
» ‘“if-needed” procedures, run

slot: when value needed
facet: value, value, ...... » if-added” procedures, run
facet: value, value, ... when a value is added (to
S update rest of data, or inform
Frame: printer user).

superset: office-machine

subset: {laser-printer, ink-jet-printer}
energy-source: wall-outlet

maker: Epson

date: 1-April-2003

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



Frame- Class and Instances @F’l“ﬂ”

« (frame) instance: representing” lowest-level” object; a
single object or entity
« (frame) class: describes different frames (either
instances or classes)
« every instance has an “is-a” link, pointing to its class
- possibly more than one “is-a”

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



Example of Frame (1) @f’l“ﬂ”

Frame Name:

Properties:

Bird
Colour | Unknown
Wings 2
Flies True

<“— (lass frame

Instance frame ——>

Class:

Properties:

Frame Name:

Tweety

Bird

Colour Yellow

Wings 1

Flies False

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



Example of Frame (2) @f’l"ﬂ”

............ ; |
i ' v Jenn

: : Panda Y

E v . Name: Jenny
Bamboo Type: Animal . Height: 1.6

! Colour: Black and white Age: 5

| Type: Plant Food: . STl
GrowFune: ........ EatFunc: ........ =

I Location: Name: .

Height: 2 Height: Vicky
Age: 0 | Name: Vicky
Sibling ! Height: 0.7

: | Age: 1
e | Sibling:

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



“ @'Aku.y‘q ANy RKOMNPUTER

» Rather similar to frames: uses inheritance and slots;
describes stereotypical knowledge, (i.e. if the system
iIsn't told some detail of what's going on, it assumes the
"default" information is true), but concerned with events.

» Somewhat out of the mainstream of expert systems
work. More a development of natural-language-
processing research.

» A script is a remembered precedent, consisting of tightly
coupled, expectation-suggesting primitive-action and
state-change frames [Winston, 1992]

» A script is a structured representation describing a

stereotyped sequence of events in a particular context
[Luger, Stubblefield,1998]

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



Why Scripts ? @FHI{IIM

v Because real-world events do follow stereotyped patterns. Human
beings use previous experiences to understand verbal accounts;
computers can use scripts instead.

v Because people, when relating events, do leave large amounts of
assumed detail out of their accounts. People don't find it easy to
converse with a system that can't fill in missing conversational
detail

v’ Scripts predict unobserved events.
v" Scripts can build a coherent account from disjointed observations.
v Applications
» This sort of knowledge representation has been used in
intelligent front-ends, for systems whose users are not
computer specialists.
» It has been employed in story-understanding and news-
report-understanding systems.

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



Component of Scripts

e Script name

Entry conditions:
Roles

Props

Scene 1

Scene 2

VVVVVYY

Results

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



Script: RESTAURANT Example Of Scripts @FIIKOUM

Track: Coffee Shop

Props: Tables Scene 1:Entering

Menu Scene 2:0rdering (Customer ask for Menu)
Food (Menu on table)
Check \
Money * Customers select dishes
Roles: Customer from the menu T~
Waiter / The waiters said no
Cook Call th l
. a e waiter, write
Cashier down the dish
Owner Scene 4
Entry conditions: Left restaurant
Customer is hungry Scene 3 :Eating\ without paying
Customer has money / Scene 4 : leaving
Write waiter bill
Results: Return Customers give the money to the
) Scene 2 waiter
Customer has less money Customers of the tip to the waiter
Owner has more money Waiter to the cashier
Customer is not hungry Waiter give the money to the cashier v
Customer is pleased(optional) Customer left the restaurant

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University



Methodology Pros Cons
Logic « With a semantics « Inefficient
« EXxpressiveness « Unable to express procedural
knowledge
« Unable to do default reasoning
Production * Naturalness of « Inefficient
Systems expression « Less expressive
* Modularity
» Restricted syntax
« Ability to Represent
Uncertain Knowledge
Frame « Domain knowledge « Lack of semantics
representation model reflected « Expressive limitations
directly
« Support default
reasoning
« Efficient
« Support procedural
knowledge

Xiu-jun GONG (Ph. D), School of Computer Science and Technology, Tianjin University
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