Rule, Knowledge & Expert

You Will Know

Rule & Knowledge

Logic and First-order logic
Rule-based knowledge representation
Rule-based expert system

Rule Inference
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PR SR 1 PR SR
p2-2
Basic Rule & Knowledge
« Knowledge « Rule is an import skill for knowledge
— fact + memory + inference + experiment representation
» Expert — Are there other methods to represent
. . ?
— focus on a special domain knr?wledge.l |
. — What's the limit in using rules?
* How to think I g h ¢
— your opinion? . AI’II extp;]erttfsystem 031 e;tf a l:gde .set (0}
. b e gt g _ rules that Tocus on the Interestea Issues
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« http://sa.ylib.com/read/readshow.asp?FDocNo=899&CL=4 -eg., ngNet [ES‘ #‘7“[ Ln%ﬁ%
— http://hospital.kingnet.com.tw/
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Logic

« Logics are formal languages for representing
information such that conclusions can be
drawn

» Three issues
— Syntax

« Define the sentences in the language
— Semantic

« Define the “meaning” of sentences
— Proof theory

« Generate new facts from old
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Logic

1. Syntax: valid or invalid
2. Semantic: meaningful or not
3. inference: new information

x+2>y| Iissentence; is not

x4 2>y is true iff
the number = <4 2 is no less than the number y

x4+ 2>y is true in a world wherez =7, y=1
x4 22>y is false in a world where =0, y=6

x+2>yandy>c-1
= x+22c-1
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symbol

First-Order Logic: Syntax

A Voo = =
and or not implies equivalence
if...then (biconditional)

First-order logic
— Using the above symbols to represent the syntax
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First-Order Logic: Syntax

s Examples
~8§11 = -Wiq A =“Wia A =Wa;
=S21 = Wi A -Wag A =W A W3,

~S12 = W31 A -Wip A -Waz A W3

S12 = Wip V Wips v Wap vV Wia

m==) Whether the syntax of a rule is valid or not
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First-Order Logic: Semantics

“Model” = “completely specified possible world”
Every claim is either true or false

” means
formula ¢ holds in model m
Otherwise m = ¢

m =@

Eg, | A

B
ml|+ 0

o|Q

D
+
my = A

“Ais true in mq"
“my is a model of A"

Also. ..
my =B my = -C m1 =D °

First-Order Logic: Semantics

P o P PAO PVO P=0 | Pw0
False False True False False True True
False True True False Trne Trie Fualse

True False False False True False False
True True False True True Trie True
Example
5 s true iff 5 s false pv Qg means
¢ is true iff §; istrueand S; Is true ( )
is true iff S istruepor 53 s true —(=pA—q
is true iff S; s false or S; s true
is false iff %, istrue and S, is fase| P =0 means
\
mgES _‘p q
mi=%5 and m p < g means

mES o mES

miS o miESH (p=a)A(a=p)
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First-Order Logic: Inference

e P=10
—If p is true then we can believe g also is true
— g is new fact learned from p
* Rule inference
— Searching rules for current facts
— Backward and forward inferences

PR A 1

Normal Form of Logics

e Conjunctive Normal Form (CNF — universal)
conjunction of disjunctions of literals
clauses
(AV =B) A (B vV —=C Vv —-D)

e Disjunctive Normal Form (DNF — universal)
disjunction of conjunctions of literals
terms
(AANB)YV (AA=C)V (AA-D)V
(=B A =C) V (=B A =D)

PR AR 12




p2-3 p2-4
Rule Rule: Example
« Two parts in a rule i . i _
- I the ‘fuel tank’ is empty I the car is dead
— If part: condition of the rule Then the car is dead and  the ‘fuel tank’is empty
i Then the action is ‘refuel the car’
— Then part: action of the rule i o
. If the season is autumn ET’ﬁTL o
 Basic syntax of a rule and  the sky is cloudy the spill is liquid
and  the forecast is drizzle and  the :Sp!" pH’ <,§ .
If <condition> Then the advice is ‘take an umbrellar  @nd  the ‘spill smell’ is vinegar
=) ‘ <condition> = <consequent> Then the ‘spill material’ is
then <consequent> i ‘acetic acid’
- . [ the car is dead
where <condition> is represented as CNF or DNF Then the action is ‘check the fuel tank’
If the ‘fuel tank’ is full
Then the action is ‘check the battery’
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Rule: Example Expert System
If the “traffic light” is green If the “fuel tank” is empty * Expert SyStem contains
Then the action is “go” Then caris dead - Expert knOW|edge
« Domain knowledge (e.g. disease, help desk, ...)
If the “traffic light” is red If the “fuel tank” is empty
o ) — A system
Then the action is “stop” and the car is dead X
o « Knowledge representation
P Then the action is “refuel” .
If the “traffic light” is yellow « Knowledge inference
Then the action is “be careful” « User interface
BB A B e 15 BB A B e 16
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Expert System

< The team members in the design of an
expert system
— Project manager
— Domain expert
— Knowledge engineer
— Programmer

RSN
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Rule-Based Expert System

 Five basic components
— Knowledge base: store rules
— Database: store facts
— Inference engine: link rules and facts

— Explanation facilities: expression of rules to
users

— User interface: communication between a
user and an expert system

RSN 18




Productive System
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p 2-10
External External
Database Program
Knowledge base Database

Rule: If-Then II II
L" Inference Engine "—]

Explanation Facilities

‘ User Interface ‘ ‘ Developer Interface ‘
ﬁ o

1t
Ju
Knowledge
complete structure Engineer
Y TR

of arule-based PR
expert system

Expert System
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Knowledge

« In a rule-based system, knowledge contains
three parts
— Fact: some terms are true or false
« e.g. traffic light is green; fuel tank is empty...
— Rule: mapping from percepts to actions
« e.g. traffic light is green can imply the action is go
— Inference: derive new information or facts
« e.g. refuel the car if you find the fuel tank is empty

] A Y e .

Knowledge

Fact

— Boolean expression in terms
Rule

— First-order logic

— Syntax and semantics
Inference

— Forward inference
« Search the valid rule and fire it to generate the new facts
— Backward inference
« Goal-driven reasoning. Check if a goal is valid in the current
facts

] A Y e .

Rule 1. If Y is true Ruel: YAD=Z
And  Distrue Rule2: X ABAE=Y
— Then Zis true Rule3: A= X
ule 2: I Xis true
st Rule4: C= L
And  Bistrue
Rule5: LAM =N

And  Eistrue

Then Y istrue Rules in the expert database

Rule 3: |f Alis true @
Then Xis true partial

Rule 4: If Cis true sl X
Then Listrue 5 J5

Rule 5: If Lis true . {7z
And  Mis true L E]

Then Nis true

L




Rule 1: If Y is true
And  Distrue

Then Zistrue

Rule 2: If Xis true
And  Bistrue
And  Eistrue

Then Y istrue

Rule 3: If Alis true

Then Xis true

Rule 4: If Cis true

Then Listrue

Rule 5: If
And  Mis true

L is true

Then Nistrue

Rulel: YAD=Z
Rule2: X ABAE=Y

Rule3: A= X
Rule4: C=1L

Rule5: LAM =N

Rules in the expert database

A B C,D,E

Facts in the expert database

]

Now, we want to derive all implicit
facts using these facts and rules

R A 2
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Rule Match

* An expert system needs to search, match,
and combine rules as well as facts
— How to combine rules? inference

Il Bisy }
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A feat | FEEHM B
Forward (fj[fi) Inference ' Ll NPy
Alslc]ole alsfc]olE alelclol ]

Initial facts A,B,C,D,E Rulel: YAD>Z X X{L [XjLiYP XjLjvjzpe
1. Match rule 3 Rule2: X ABAE=Y =— ] =3

Fire rule 3 Rule 3: A= X R WE || SR mB || GE R

New fact: X |A, B, C,D,E, X Rule4: C= L P s HIH

Match rule 4 Rue5: LAM =N Y&D—2 Y&D 2 o  vap-s2zZF

Fire rule 4 Rule base X&B&E - Y| S X&B&E— Y| |X&B&E ¥

Newfact:L |A,B,C,D,E, XL % 2kl | g

C—L - C—L| C—L

2. Match rule 2 3. Match rule 1 L&M= N L&M= N L&M— N L&M= N

Fire rule 2 Fire rule 1 _

Newfact: Y |A,B,C,D,E, Newfact: Z |A, B, C,D,E,

XLy X LY, Z
TR B 27 28
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Backward Inference i e . o
NOGE] NEEE 0] nr D =
Initial facts A B,C,D,E Ruel: YAD=Z LS = R ALBICI0E Ll
1. Check rule 1: goal is Z Rule2: X ABAE=Y % ke Y = o]

Depend on Y
. Check rule 2: sub-goal is Y
Depend on X

N

w

. Check rule 3: sub-goal is X
Yes because of A

New fact: X A /B,C,D,E, X

Return to step 2

New fact: Y |A,B,C,D,E, X, Y

Return to step 1

Rule3: A= X
Rule4: C=1L
Rule5: LAM =N

Rule base
4. Check rule 4: goal is L
Yes because of C

A, B,C,D,E X,
Y,Z L

New fact: X

5. Check rule 5: goal is N
Depend on M

Newfact: Z |A, B, C, D', E, X . Check 1-4 again
Y, Z PRI End return False »

Backward Inference: Step 1 to 3

PR AR 30
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Forward vs. Backward

How does a domain expert solve a problem?

— At the beginning: forward inference to analyze the
collective information

— At difficult problem: backward inference to seek a
possible way to the goal facts

Which is better

— Forward inference is nature to design an expert system

— Backward inference is often used for diagnostic
purposes

Combination
— Most of expert systems use a combination of forward
and backward techniques.

R A 3
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Conflict Resolution

* In general, we will have many rules in an
expert system

— Some rules may be conflict

If the “traffic light” is green

- If “light” is red, what is the action?
Then the action is “go” 115 red, what s the action

4
If the “traffic light” is red Fire the first matching rule
Then the action is “stop” a1

N the “traffic light" is red Rule ordering is important

Then the action is “go”

Other possible methods?
TR e AR 32

Conflict Resolution

Possible methods to solve conflict resolution:
Fire the first matching rule

Fire the highest priority rule

Fire the most informative rule

Fire the newest rule

Append metadata to rules

I A
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Advantage of Rule-based
Expert System

¢ Natural knowledge representation

— An expert can understand rules
¢ Uniform structure

— If-then structure

— Each rule is an independent piece of knowledge
« Separation of knowledge from its processing

— Knowledge and inference engine are
independent

— Flexible in knowledge maintenance

R SN 3

Disadvantage of Rule-based
Expert System

Opaque relations between rules

— Rule-based systems make it difficult to observe how
individual rules serve the overall strategy

Ineffective search strategy

— Searching matching rules is slow
Inability to learn

— The system only depends on rules

— Rule-based expert systems do not have the ability to
learn from the experience

— A human expert knows when to “break the rules”

PR 35




