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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

I

Explanation facilities

User interface
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Database

>

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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Database

Y
AlB|C|D|E

Database

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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BACKWARD-CHAINING

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]
I
oo

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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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 CvD—B
RULE3  WE SUSPECT MENINGITIS FROM TESTS
s IF Tests were run ENFNH —C
S AND Cultures were seen
L
g AND Cultures look like meningitis INJ — H
é THEN We suspect meningitis from test results KANLAM — D
= RULE 4 CULTURES LOOK LIKE MENINGITIS
“ IF The appearance of the culture is coccus
5 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
o 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
I = 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 oS el sala £ caads 5 O Ho S LT ela (value) juolse o (feature) (S5 salaad caj 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

mw>>»0O

1 Front light fuse defect

Replace front light fuse

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 WS e gl pela s s g Ssu 50 50 °
Bulb defect
Replace front light i Koo ) JSiae Lag 9o (sdan

mwmwd>»O

N
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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
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: c 5b 3515 S5 s Ve

12.6V 0.9 13.6V
0.1

A
v

6.7V

A
A

12.6V
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Problem (Symptom):

~

0.8

Problem (Symptoms)

e Problem: Break light doesn’t work 4_r>
0.4

e Car. Audi 80 <
® Year. 1989 «

0.6

A

v

6=C0spee bn Shy =P
I=gosipe A8 S5y «—

v

0.9
e Battery voltage. 12.6 V =
L e State of light. OK 10 |

Solution

* Problem: Front light doesn’t work
e Car.VW Golflll, 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

055 oSSk b calid s4alas

€

sim(new, case,) = 20

L,
’U};b/

(6x084+1x04+1x06+6x09+6x0.1)=0.86
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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=C0spee bn Shy =P
I=gosipe A8 S5y «—

e Battery voltage. 12.6 V 022 e Battery voltage: 12.9 V
§ 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 +1x0.4 4+ 6 x 0.95 4+ 6 x 0) = 0.585

20

L,
’U};b/

C_\.u“)::“:s_ul\d‘)y@
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Problem (Symptoms)
e Problem: Front light doesn’t work
e Car.VW Golf I, 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)

e Diagnosis. Break light
® Repair: Break light

* 0
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Problem (Symptom):

mwl>O0O

* 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
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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

s 38 S0k 0 50 b o se oSk (5 LualKiag,
a..\.'\:sTJJ LU d; (5‘)"

L,
’U};b/



Prepared by Kazim Fouladi | Fall 2018 | 3 Edition

¥o

TRLE WP e

SIMILARITY FUNCTION

.AS‘J;UQJ::1JOQ&:C;JJ.C%JLEJJ‘JL@JTC_\AL}ELC,L}:MJAISGACJQ‘)J‘JJJ&GJJ&AL}.&@‘J
sim : Cases x Cases — |0,1]

:JJLA £ 9d CAAL\..I- c_'u
S35 S s Ho calid ¢l oo oaled has
JJJ—O&S:QCEMJJCAAL:\_&&‘;:M Cgﬂ“).um‘_.ufb‘)l:\u

a2 Y12 e Yp S D Lsadssla € 5 €1 a)50 53 sl

D
sim(C,,C,) = ! > w;sim (C,,C,)

7w,
j=1 57

(oo slae) V) (S35 510 alids olae - ST
(i (5153 OT O350 o g3 0 el 150e) Vj (S50 000 1 W)




Prepared by Kazim Fouladi | Fall 2018 | 3 Edition

o5 Eoiaa shgo
!
Jaol, (2u385 (S Ss

ADAPTATION
Jasl,y 83335 slaguy,
SLEEEPLIIC solad [ (s (B389 TR @
Automated Adaptation Manual/Interactive Adaptation Null Adaptation
s bk dael o8 S oS O 0B b5k el

JSuga A slaghy,

.JAJL;.AéﬁJ ‘J .(bdl_t.ucsLA‘aL.u:\...qu)JJﬁgo

sl o Joass sl
Generation Transformation Substitution
Aol e b
IS st b3k Jasly N
._\.’Sudo C‘J.A;'“J T 9 L',_._a‘):m..\Lm)
(Choo Grodedsaw) (oBs0 (eidslate

L,
’U};b/



Prepared by Kazim Fouladi | Fall 2018 | 3 Edition

Yv

byﬁ&d}hlwlguelm*u&:\ﬁy

Closed Knowledge Model

sala slSuls (slaaiuwi g 0uell 5o (Jae (so5ua slapianw Olie 5o

Data,

Knowledge,
Models

om W
Solution Somilar
4 Case
Knowledge Model ‘

Examples

Case Base

REVISE

Solution

Increasing Increasing
Knowledge Centralization Example Orientation

R.B. Expert Systems CBR Systems

Open Database

Databases




Prepared by Kazim Fouladi | Fall2018 | 3 Edition

YA

L,
’Ujb/

bJ:sA GLA‘AI\.J.ue.w &‘\9.:‘ ‘):sLu.‘ b CBR Lnge.:\.u.n:\_u

e
598 Hodgane i gdiols Juo
Sl Gilasand 4,3 Socsacls
s ol 3hie uel 48
o9 Bhie Lo solws sy slaig,

EYEEN

CBR (slaai
J:u..u.: cdlhia Ls‘Lla‘J JJ.A
Sl pald (5425 S s

L&JJJ—A

O (B3B8 5 S50 G2 idd ol

s slag, g LS oA




Prepared by Kazim Fouladi | Fall 2018 | 3 Edition

¥a

a,y,,‘u.’a,mdymusmw

culae 5 Llse

sl

o

L3

MbéMdﬁM@u‘@aﬁﬁgudJy
J.ai-‘.‘:uu‘:s‘.:s:JJJAbli‘iLg C_u.u‘b&o..o
s (bl cwlie (slas ;g s ol (Sas

ol 55 ol ool B/ elale

(Sem Ol daely wal g3 5 Clinal) Ladasl algidg (oYL e 5
S Gals JolS agd 4 g5l

Shiee pualS LUl Clussh 4 5L

b e Gl 81 (bl (551060 culls

ol ol 58 wsaa slas ) se Gk 5l Sl calils







Prepared by Kazim Fouladi | Fall 2018 | 3 Edition

o)

kel paae

L,
’U};b/

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?
Pearson Educatlol’l Cal’lada, 20 1 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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