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(a) production system model (b) basic structure of a rule-based expert system
Long-term memory Short-term memory Knowledge base Database

1 1 ! 1
u Production rule Fact Rule: IF-THEN Fact

L» REASONING <—T T—> Inference engine <—T
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Fact: Ais x

Fact: Bis y

Match

Knowledge base
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rf|Rule: IF Ais x THEN Bis y

The inference engine cycles via a match-fire procedure
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Rule 1: IF Y is true o x
AND D is true g
THEN ~Z is true

Rule 2: IF X is true B Y
AND  Bis true —> 7
AND E 1.5 true £ D
THEN Y is true

Rule 3:
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IF A is true
THEN X is true

Rule 1:
Rule 2:
Rule 3:
Rule 4:
Rule 5:

Y&D - Z
X&B&E—Y
A—-X

C—L
L&M—N

An example of an inference chain
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Rule 1:
Rule 2:
Rule 3:
Rule 4:
Rule §:

Y&D — Z
X&B&E—-Y
A—-X

C—L
L&M— N
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Match Fire
Knowledge base

Y&D—> Z

Database Database
Y Y
AlB|C|D AI|B|C|DJE
X < X| L=
Match Fire Match Fire
Knowledge base Knowledge base
Y&D—> Z Y&D—>Z
X&B&E—Y X&B&E—Y
> A—> X A—> X
C—L > C—L
L&M— N L&EM— N
Cycvle 1

Y

AlB|C|D
Y

N
A

A

Match Fire
Knowledge base

X&B&E—Y
A— X
C—-L

L&M— N

Y

Cycle 2

Y

Y&D— Z
X&B&E—Y
A—> X

C—oL
L&M— N

Yo

Cycle 3
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Pass 1 Pass 2 Pass 3 Pass 4
Database Database Database Database
A C E A C E A C E
AEEEE Al B]clp] £] RnEERE a@
F’Q
@ €,
Match Fire

Knowledge base Knowledge base Knowledge base

Knowledge base

Y&D—>Z

X&B&E—>Y
A— X
C—oL

Y&D—>Z

EN7TEY]
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Sub-goal: X

X&B&E—>Y
A— X
C—L

X&B&E—>Y

Tl
I

A— X

C—> L
L&M— N

L&EM— N L&M—> N

Goal: Z Sub-goal: Y

Sub-goal: X
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Pass 5
Database

@

Match Fire
Knowledge base

Y&D—>Z

X&B&E—>Y

A—> X
C—L
L&EM— N

Sub-goal: Y

Pass 6
Database

Match
Knowledge base

Fire

X&B&E—>Y
A—X
C—L

L&M— N

Goal: Z
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GOAL 1. Infection is meningitis

RULE 1
IF

OR
THEN
AND
ELSE

RULE 2
IF
OR

THEN

RULE 3
IF
AND
AND
THEN

RULE 4
IF
AND
THEN

RULE 5
IF
AND
AND
THEN

MENINGITIS INFECTION

The physician knows the patient has meningitis
We suspect meningitis

Infection is meningitis

DISPLAY Infection

DISPLAY No infection found

SUSPECT MENINGITIS FROM TESTS OR SYMPTOMS
We suspect meningitis from test results

We suspect meningitis from patient symptoms

We suspect meningitis

WE SUSPECT MENINGITIS FROM TESTS
Tests were run

Cultures were seen

Cultures look like meningitis

We suspect meningitis from test results

CULTURES LOOK LIKE MENINGITIS
The appearance of the culture is coccus
The stain of the culture is grampos
Cultures look like meningitis

WE SUSPECT MENINGITIS FROM SYMPTOMS
The patient is suffering persistent headaches
The patient is suffering dizziness
The patient has been lethargic
We suspect meningitis from patient symptoms
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K%

GOAL 1. Infection is meningitis
RULE1  MENINGITIS INFECTION
IF The physician knows the patient has meningitis
OR We suspect meningitis
THEN Infection is meningitis
AND DISPLAY Infection
ELSE DISPLAY No infection found
RULE 2  SUSPECT MENINGITIS FROM TESTS OR SYMPTOMS
IF We suspect meningitis from test results AV B — (@
OR We suspect meningitis from patient symptoms
THEN We suspect meningitis C vID— B
RULE3  WE SUSPECT MENINGITIS FROM TESTS
< IF Testswererun ENFNH —C
= AND Cultures were seen INT] — H
£ AND Cultures look like meningitis
N THEN We suspect meningitis from test results KANLAM — D
& RULE 4  CULTURES LOOK LIKE MENINGITIS
& IF The appearance of the culture is coccus
;?, AND The stain of the culture is grampos
3 THEN Cultures look like meningitis
% RULE 5 WE SUSPECT MENINGITIS FROM SYMPTOMS
< IF The patient is suffering persistent headaches
% AND The patient is suffering dizziness
g AND The patient has been lethargic
o THEN We suspect meningitis from patient symptoms @
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A = false
E = true
' = true
I = true
J = false
K = true
L = true
M = true
Facts
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Problem (Symptoms)
e Problem: Front light doesn’t work
eCar.VW Golf IV, 1.6 |
e Year. 1998
e Battery voltage: 13,6 V
e State of lights: OK
e State of light switch: OK

mwl>»0O

Front light fuse defect

Replace front light fuse

s o el el sala £ caad 5 O Ho S LT ela (value) juoulse o (feature) (S5 sulaad ca) 50 58 50
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Problem (Symptoms)
* Problem: Front light doesn’t work
e Car. VW Golf lll, 1.6 |
e Year. 1996
e Battery voltage. 13.6 V
e State of lights: OK
e State of light switch: OK

Front light fuse defect

Replace front light fuse

mw>»0O

N
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Problem (Symptoms)
* Problem: Front light doesn’t work
e Car. Audi A4
e Year. 1997
e Battery voltage. 12.9 V
e State of lights: surface damaged
e State of light switch: OK
Solution
Bulb defect

Replace front light

Aﬁwdfmﬁ‘QLpLAQfMJSSJJJAJA

i Ko ) JSe Lag ) 5o (sdan ®
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rProblem (Symptom):

* Problem: Break light doesn’t work
e Car. Audi 80

e Year. 1989

e Battery voltage: 12.6 V

e State of light. OK

Jaely s G cral )00 Sy cdpans gl
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Problem : <t K3y sl Vs

A
v

Front light doesn’t work 0.8 Break light doesn’t work
0.4

A
v

Front light doesn’t work Engine doesn’t start
Battery Voltage: 5L 3515 S5 sl Hia

12.6V 0.9 13.6V
0.1

A
v

6.7V

A
A

12.6V

8 i s 55 il Sl o Ly IR gLy K S g ] e
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rProblem (Symptom): Problem (Symptoms)
* Problem: Break light doesn’t work QLr} * Problem: Front light doesn’t work
« Car: Audi 80 < 0.4 « Car: VW Golf 111, 1.6 |
e Year. 1989 « 8-8 A e Year. 1996
e Battery voltage. 12.6 V ; > e Battery voltage: 13.6 V
e State of light switch: OK
Solution

v

v

0=000 pee bd S5y =P 1
=055 e 58 (S5 «— Replace front light fuse

Front light fuse defect

055 oSSk b calid s4alas
1

20(6)(0.8—|—1><0.4+1><0.6—|—6><0.9—|—6><0.1)20.86

sim(new, case,) =

* 0
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Problem (Symptom):

~

0.8

* Problem: Break light doesn’t work W * Problem: Front light doesn’t work

Problem (Symptoms)

e Car. Audi A4

e Car. Audi 80 <
® Year. 1989 «

0.4

A

v

e Year. 1997

6=00s e ba Shy =P
I=osipe A8 S5y «—

e Battery voltage. 12.6 V 022 e Battery voltage: 12.9 V
L e State of light. OK e State of lights: surface damaged

v

e State of light switch: OK
Solution
Bulb defect

Replace front light

055 oSSk b calid s4alas

1
sim(new,case,) = —(6x 0.8 +1x 0.8 +1x 0.4 4+ 6 x 0.95 4+ 6 x 0) = 0.585

20

L,
’U};b/
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Problem (Symptoms)
e Problem: Front light doesn’t work
e Car.VW Golf lll, 1.6 |
e Year. 1996

e Battery voltage. 13.6 V
e State of lights: OK
e State of light switch: OK

mwmwdO

fuse defect
Replace fuse

-
Problem (Symptom):

* Problem: Break light doesn’t work
e Car. Audi 80

e Year. 1989

e Battery voltage. 12.6 V

e State of light. OK

Jaely Guls 84

(-0 o 31 Jnely 5o 6 S alien o Loz 585 il wls)

® Diagnosis. Break light
® Repair: Break light

* 0
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Problem (Symptom):

mwd>O

* Problem: Break light doesn’t work
e Car. Audi 80

e Year. 1989

e Battery voltage. 12.6 V

e State of light. OK

e State of light switch: OK

Solution

fuse defect

Replace fuse
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THE CLASSICAL CBR R4-CYCLE

(5"‘:\)"‘ Problem

Retrieve

(La)sose Opoidands (puas

ele Ml 5 sume gouliiol b waa galiue oS Ja N
sadi oL (sla)asse Ho asage (Ul 5

Tested/
Repaired

sad algidig Jasl) (s oadpa sl (b)) Confirmed

A L )
s Solution

R $olgsaobs %}a :
. 7 A
Retain /; Suggested

O
OQ/ZO? Solution B&Q'Q
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Expert Systems
DESIGN AND DEVELOPMENT

John Durkin

J. Durkin,
Expert Systems: Design and Development,
Macmillan, 1998.

Chapters 1-6

Michael M. Richter
Rosina 0. Weber

Case-Based

Reasoning

A Textbook

@ Springer

M.M. Richter and R.O. Weber,
Case-Based Reasoning: A Textbook,
Springer, 2013.

Chapters 1-2
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MICHAEL NEGNEVITS

Rule-based expert systems 2

NOILIO AHIHL

In which we Introduce the most popular cholee for bullding
Hnowledgebased syslems: rule-based expert systems.

2.1 Introduction, or what is knowledge?

Inthe 1970s, it was finally accepted that to make a machine solve an intellectual
problem one had to know the solution, In other words, one has to have
knowledge, ‘know-how', insome specific domain,

What is lmowledge?

Enowledge is a theoretical or practical understanding of a subject or a domain.

Knowledge is also the sum of what is currently known, and apparently knowl-

edge is power. Those who possess knowledge are called experts. They are the
most powerful and important people in their organisations. Any successful

A R T I F | C | A L company has at least a few first-class experts and it cannot remain in business

without them.

INTELLIGENCE G —

A GUIDE TO INTELLIGENT SYSTEMS Anyone can be considered a domain _1:x|:>|:rt it l-:H.‘ or s_lu: has |J..L'1.‘|:J lv&.I::I{JW|L"-1JJ..’|L-‘-Iul
both EBcts and rules) and strong practical experience in a particular domain. The
area of the domain may be limited, For example, experts in electrical machines
may have only geneml knowledpge about transtormers, while experts in lite
insurance marketing might have limited undestanding of a real estate insurance

Mlchael NegneVItskY, policy. In general, an expert is a skilful person who can do things other people
cannot.
Artificial Intelligence: A Guide to Intelligent Systems,
. How do experts think?
PeaI'SOI’I Educatlon Cal’lada, 201 1 . The human mental process is internal, and it is too complex to be represented as
an algorithm. However, most experts are capable of expressing their knowled ge
Chaptel' 2 in the torm of rules for pmhlrm solving. Consider a si m'plc example. lmagine,

you meet an alien! He wants o cross a road. Can you hel P him? You are an
expert in crossing roads — you've been on this job for several years, Thus you are
able to teach the alien. How would you do this?
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