Chapter 2

Knowledge

Representation
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2.1 HIFAULS

+

« Knowledge (k) + Inference ( %ﬁgﬁ‘m)
= Expert Systems (Eﬁ F k)

« “Knowledge representation” affects the
development, efficiency, speed, and
maintenance of expert systems
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i Epistemology

Epistemology: concerned with the nature, structure,
and origin of knowledge

Epistemology (F%i,%&ﬁﬁ ’ ﬁi‘f)

Philosophic Theories A Priori Knowledge A posteriori Knowledge

| ‘ e.g. al triangles
Aristotle, Plato, Locke  haye 180 degrees e.g. thelight isgreen

Mill (considered to be
universally true)
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HIEHVZEN
i (Classifications of knowledge)

« Procedural Knowledge (%15 )
How to do something
» Declarative Knowledge ([Fi® {1z )
Thetruth of something
“Don’t put your fingersin a pot of boiling water”
« Tacit Knowledge (B;%iﬁiﬂ[l%&)
(Unconscious K nowledge)
Cannot be expressed explicitly
—An exampleis how to move your hand
—Walking or riding a bicycle
—ANS Isrelated to tacit knowledge
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7 [E F(Knowledge Levels)

Meta
Knowledge

/ Knowledge (rules+facts)

/ | nfor mation \\} (facts

/ Data
/ Noise \

The sequence of 12 numbers : 137178007124
Without knowledge. This entire sequence may appear to be noise.
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.&?&“ﬁr i (Meta Knowledge)

Meta Rule 1:
If Goal is “blood pressure”
THEH Try Rule Class 1
Meta Rule 2:
If Goal is “blood type”
THEH Try Rule Class 2

Meta knowledge is knowledge about knowledge and
expertise.

—would specify which knowledge base was applicable or
useful to solve the current problem.
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HIE A

i (Knowledge Representation)

« Backus- Naur form

«  Ontology (i’ﬁﬁ'ﬁ*)
Semantic Network (nflﬁamﬁﬁ,n

+  Frames-based Knowledge (A== H138)

« Case-based Knowledge (% '{7=t+

+ Rule-based Knowledge (FH[=\+
+  Knowledge Object ( HFH71F )
- Logic (&)

2. HIFFA S.S. Tseng & G.J Hwang
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i Backus - Naur form ( BNF )

« A meta language for defining the syntax of a language
« <sentence>..= <subject><verb><end-mark>

<subject>::= | | You | We
<verb> ::= left | came
<end-mark>::=. | ?| |

» Parse Tree (derivation tree)

sentence
.
subject  verb end-mark
Yau cal‘ne ’A
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Ontology (élﬁg‘ﬁﬁ)

= Ontology- &F+90F [CRHE [ * = By
I > }-”,fjip%:ﬂ Jﬂl%ﬁﬁﬁ&{%l% AL F'J% o
i OntologyﬂJ?F'li'i‘él“‘\nfE IR
. %%ﬂf“j 4—EJF} LFliﬁfuﬁﬁ_f £ipvOntology
AL L= ﬂfﬁlﬁ&ﬂﬁ. F~YOntology
« F4Z0ntologyf Jﬁ*ﬁ“‘ﬁi&%ﬂ W
= GI9I : F{PIXML (R g lEg e )
RLRDF (R
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= Ontology[ s & = RrRLE | 5 B ATE]

HIRIEG
= TAIES
[ﬂJIE{th
AE o

2. HTHH

fik

z

:24 Ontology[iy3. . ELﬁe”rfi d
A H S

_T\
B R Jpv3
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Semantic Network (DF,%LH\FEEE% )

i(lellan 67 & 68)

« A classic Al representation technique used for
propositional information (sometimes called
Propositional Net)

« A proposition isa statement that iseither trueor
false

- Adirected graph (| [F’quaﬁl%)
 Node (%{,‘) L HIGSAVAE Y T Sk Y RE A

Arc (F|[p#ss) - SIRBRE S 7% R
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General Net

San Francisco

Chicago

Los Angeles

2. HIGEH Tk

New York

| ndiangpolis

Houston
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Semantic Net (ﬁ—ﬁﬁlé’ﬁ'%ﬁ‘. )

i sister-of

Ann wife-of

Carol David

-4

husband- Father- Mother> husband-

wife-of

) of of father-of
M other -of of wife-of of ‘
Sysan ) Tom
) husband-
of
M other -of ‘ father -of
John
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‘_;ﬂ [’*‘ﬁﬁﬁﬁé‘Semantic Net puf %

—

~

« llsa, 3 puHIE
i -

« Nlsakindof ; %=

o (o TR SR i

SEETRE R

*Superclass ( ¥ ZH}|] )

Subclass (=" ZH]|

)

 Attribute, Value, Property( OAV )

* Inheritance (7 Ex)
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A Semantic Network with "isa, and
"akind of | (AKO) Links

,//!IIII'K\\\\\AKO
AKO AKO
has-shape Propeller
‘ driven
AKO
AKO  AKO AKO AKO
a

has-shape
ellipsoidal |« ' Concorde

iIsa IS

Spirit of
St. Louis
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Object-Attribute-Value Triples
(OAV ) (¥7{F-Tef%-Tl% (it )

= OAV can be used to characterizes all the
knowledge (/) in a semantic net (FEGf%)
and was used in MYCIN for diagnosing infections
diseases

Object Attribute Value
apple color red
apple type mcintosh
apple guantity 100
grapes color red
grapes type seedless
grapes guantity 500

= Especially useful for representing facts (i)
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Object-Attribute-Value Triples
PoiF T - )

Civic
orice:$$% r| ce:$P$
year:1088) (Yea:1992
owner:gj owner:crt

2. HIFFA S.S. Tseng & G.J Hwang
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i PROLOG and Semantic Nets

= Essentials of PROLOG
Each of the statements above is a PROLOG predicate
expression, or simply a predicate.
Color(red). ; red is a color
father_of(Tom,John). ; Tom is the father of John

mother_of(Susan,John). ; Susan is the mother of
John

parents(Tom,Susan,John). ; Tom and Susan are
parents of John

2. HIFHFEA Tk S.S. Tseng & G.J Hwang 18



Predicates can also be expressed with relations
such as the IS-A and HAS-A.
i iIs_a (red,color).
has_a (John,father).
has_a (John,mother).
has_a (John,parents).
Some additional predicates
is_a (Tom,father).
Is_a (Susan,mother).
is_a (Tom,parent).
Is_a (Susan,parent).

2. HIFFA S.S. Tseng & G.J Hwang
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Programs in PROLOG consist of facts and rules in the
1 general form of goals.

D P:-P1,/Py---Pp
In which p is the rule’s head and the pi are the
subgoals.

The symbol,:-, is interpreted as an IF.
parent (x,y) : - father (x,y).
parent (x,y) : - mother(x,y).
grandparent(x,y) :- parent(x,z), parent(z,y).
and an ancestor can be defined as:
(1) ancestor(x,y) :- parent(x,y).
(2) ancestor(x,y) :- ancestor(x,z),ancestor(z,y).
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Predicate Database
(Rules and Facts)

General Organization of a PROLOG System

2. HIGEH Tk

Answers

Queries |

| nterpreter

|

User
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ml

(3) parent (Ann,Mary).
(4) parent (Ann,Susan).
(5) parent (Mary,Bob).
(6) parent (Susan,John).
As another example, suppose the query is
:-ancestor(Ann,John).

The first ancestor rule(1) matches and X is set to
Ann and Y is set to John. PROLOG now tries to
match the body of (1), parent (Ann,John) with

every parent statement.
2. HIFAA S.S. Tseng & G.J Hwang
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™

Rule (1) is not true since its IF part cannot be true.

Because Rule (1) cannot be true, PROLOG then

tries the second ancestor statement.
For Rule (2), X is set to Ahn and Y is set to John.

Control structure of PROLOG is of the Markov
algorithm type, in which searching for pattern
matching is normally determined by the order in

which the Horn clauses are entered.

2. HIFFA S.S. Tseng & G.J Hwang
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Schema
i (plural schemas or schematas)

= A semantic net (F %) isan
example of a shal{ow knowledge

(=g ) structure.

= A general term to describe a
complex knowledge structure

= Focus on only relevant knowledge
= For examples: FRAME, SCRIPT
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Frames-based Knowledge

i( AT )

= Suitable for related knowledge about a
narrow subject with much default
knowledge

= script—a time-ordered sequence of frames

Slots Slots value
manufacturer General M otors
m odel Chevrolet Cqprice
year 1979
transmission automatic
engine gasoline
tires 4
color blue

2. HIFFA S.S. Tseng & G.J Hwang



Slot value

= Some frame-based tools (e.g., KEE)
allow a wide range of items to be

stored in slots
= an assigned value = questions for users

= a default value = function

= rules = procedural attachment
= graphics = link to other frame

= comments

= debugging information

2. HIFFA S.S. Tseng & G.J Hwang



Procedural Attachment

i If — needed, if-added, if-removed
= Examples : Human Property

Slots

Slots i

name

property

specialization_of

a kind_of object

(car, boat, house)

types if-added : ProcedureADD PROPERTY
default : government
owner . ,
If-needed : Procedure FIND_OWNER
location (home, work, mobile)
status (missing, poor, good)

under_warranty

(yes, no)

2. HIGEH Tk
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Frame Hierarchy

Slots Slots il
name car
specialization of a-kind-of property
types (sedan,sport,convertible)
manufacturer (GM,Ford,Chrydler)
location mobile
wheels 4
transmission (manual, automatic)
engine (gasoline, diesdl)

Slots Slots i
name John's car
specialization_of IS acar
manufacturer GM
owner John Doe
transmission automatic
engine gasoline
status good
under_warranty yes

2. HIGEH Tk
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= FRAMES ]
School meeting

Time Wed. 14:00
Place M eeting Room#1

Topic School Stuffs

chair Principal
— ' I AKIND OF _ |
Monthly Meeting Weekly Meeting Occasional Meeting
Time Time Time
Place Place C.J.Hall Place
Topic Topic Prize Topic
Chair Chair Chair
Participant | ...... Participant | ...... Participant | ......
|F-ADDED:inform
IS A the participants
. |F-REMOVED: inform
NO. M eeting #912 the participants
Place M eeting Room#2 :
. | F-ADDED:inform
Topic the person
Paticipant | ....... » IF-REMOVED:
inform the person
|F-CHANGED.:...

2. HIFFA S.S. Tseng & G.J Hwang 29



C(customer),S(salesperson)
M(merchandise),D(dollars) 1.C enIers L

L(a store)
‘ 2.C begins I|ooki ng around
C looks for a specific M 4. C looks for any interesting M
C asks S|for help
}
Els.
7.Cfihds M’ 8.C fau*llsto find M
v y
CleavesL 10.C t}uys M’ 11.CleavesL 12. goté step 2
13.CleavesL
14.C takes M’

2. HIFFA S.S. Tseng & G.J Hwang 30



i Did Mary buy anything?

Mary went shopping for a new coat. She
found a new one. She really liked When
she got it home, and discovered that it
went perfectly with her favorite dress .

Question : Did Mary buy anything?
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Case-based Knowledge

i(iﬁ““iﬂ%&)
- @ﬁi:“ et

T R e I

m LFIH:I f J,%%F[l ) ’Luﬁ‘c/,f@ﬁ’%ﬁﬁl'l Fucase (¥

B (. R

P fFJ <

= Case (X'f¥]) :

= X £/
« Bl
= BF1EE

2. HIGEH Tk

EEIEI JTHE _}éEﬂ

i fﬂ L l}t‘)g'5
BREL | B
BHE2 | BHE
BIEN | B
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F[]®'|Case-based Knowledge (3 ff]=\4
‘_f&) H 4 Expert System <15J4;$ S5

= Case Retrieve (% {53V )
= Case Reuse (X'fFIE[H])
= Case Revise (% fF]f$1-)

= Case Retain (X' J[RI#r)
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i 4 3]

R TIRPT

I

2. HIGEH Tk

% FEH]

— rfy—"/' -
% T
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Rule-based Knowledge

i( S RI= 1y )

O j:[lp%;ﬁf[iﬁ;_g' ﬁﬁ%ﬁ%l
= R0 B (R

feony

PGS R

TR, 2R ErRE IR
= BE 4 VRules () 7=

PP TR

HIJ T il

IF (condition) THEN (conclusion)
= Inference Chaining (#£:55

« Forward Inference (FJ"’”F'L HE )
= Backward Inference ( = fllifﬁf

2. A

i)
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