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IF The car will not start
THEN The problem may be in the electrical system
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RULE ¥

IF The Problem may be in the electrical system
AND The Battery voltage is below )+ volts
THEN The fault is a bad battery
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EXPERT SYSTEM: Does the car not start?
USER: TRUE
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USER ASSERTS: The car Will not start.
SYSTEM ASSERTS: The problem may be in the electrical system

STEP Y
EXPERT SYSTEM: Is the battery voltage below )+ volts
USER: TRUE
v
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IF  Today’s time is after 10 am

AND  today is a weekday

AND  Iam at home

OR My boss called and said that I am late for work
THEN I am late for work

ELSE [ am not late for work
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IF The Area of the square is needed
THEN AREA = LENGTH*WIDTH
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IF  The design requires a new box

AND  NUMBER= number of items to pack

AND  SIZE = Size of item

THEN CALL COMPUTE BOX VOLUME

AND  SEND NUMBER, SIZE

AND RETURN VOLUME

Rule 2 03 S aman ol Gledlbsl ces
IF  January Sales Needed

THEN OPEN SALES
AND JANUARY SALES=B7

Rule 3 Slesls olib )'| SleMbl cwns

IF  There is a Plant emergency

AND NAME = Smith

THEN OPEN TELEPHONE

AND  FIND NAME, NAME-FIELD

AND TELEPHONE = TELEPHONE-FIELD
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IF ?X is EMPLOYEE
AND ?X AGE > 65
THEN ?X can Retire
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Smith is EMPLOYEE Jones is EMPLOYEE Miller is EMPLOYEE
Smith AGE = 67 Jones AGE =70 Miller AGE = 60
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Smith can retire Jones can retire
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IF  the car will not start

AND the electrical system is operating normally
THEN Use rules concerning the fuel system
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IF  Bird:No Wings <2
THEN Bird:Flies= False

IF Bird:No Wings =2
THEN Bird:Flies= True

If-Changed facet
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IF  Bird:Hungry = True
THEN Bird:Activity= Eating
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Streptococcus Bacteria

This scanning electron micrograph shows disease-causing Streptococcus bacteria,
commonly found in the human mouth, throat, respiratory tract, bloodstream, and
wounds. Often airborne in hospitals, schools, and other public places, Streptococcus
bacteria are responsible for infections such as strep throat, scarlet fever, and some
types of pneumonia.
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Procedural Knowledge

Rules, Strategies, Agendas, Procedures

Declarative Knowledge

Concepts, Objects, Facts

Meta Knowledge Knowledge about the other types of knowledge and how to use them
Heuristic Knowledge Rules of thumb
Structural Knowledge Rule sets

Concept relationships
Concept to object relationships
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tip = (*/Y++Y v y*(servicet+food)++/+ &

food Do service
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servRatio=+/A
tip=servRatio*(+/Y ++) «*service+*.+8) + (V-servRatio)*(+/¥ ++) « *food++/* &)
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if service<Y,

tip=(+.) +/Y)*service++.+¢;
elseif service<V,

tip=+.1¢;
elseif service<=) -,

tip=(+.) +/Y)*(service V)++.)0;
end

0.25

0.2

20151

0.1p

service

plal aulrs gl o SO 51 oolail ®) J

1l wals> 55 Oype 4 @l 09d 3)ly 13 ped yeiie S

servRatio=+.A;
if service<Y

tip=((+.) +/Y)*service++.+&)*servRatio + ()-servRatio)*(+.Y+/) + *food+:.+ &)
elseif service<V

tip=(+.)®)*servRatio + (V-servRatio)*(+.Y+/) +*food++.+ )
else

tip=((+.) */Y)*(service YV)++.)8)*servRatio + ()-servRatio)*(+.Y+/) + ¥*food++.+ 2)
end
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food 00 service
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V. If service is poor, then tip is cheap

Y. If service is good, then tip is average

Y. If service is excellent, then tip is generous
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¥. If food is rancid, then tip is cheap
8. If food is delicious, then tip is generous
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V. If service is poor or the food is rancid, then tip is cheap
Y. If service is good, then tip is average
Y. If service is excellent or food is delicious, then tip is generous
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% Establish constants
lowTip="+.+¢; averTip=+.¢; highTip=+.Y¢;
tipRange=highTip-lowTip;
badService=+; okayService=";
goodService=Y; greatService=)* ;
serviceRange=greatService-badService;
badFood="+; greatFood=" +;
foodRange=greatFood-badFood;

% If service is poor or food is rancid, tip is cheap
if service<okayService
tip=(((averTip-lowTip)/(okayService-badService)) *servicetlowTip)*servRatio  +()-
servRatio)
*(tipRange/foodRange*food+lowTip)
% If service is good, tip is average
elseif service<goodService
tip=averTip*servRatio + () servRatio)* (tipRange/foodRange*food+lowTip)
% If service is excellent or food is delicious, tip is generous

else
tip=(((highTip averTip)/(greatService goodService))* (service-
goodService)+averTip) *servRatio + (Y-servRatio) *
(tipRange/foodRange*food+lowTip)
end
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% If service is poor or food is rancid, tip is cheap

% If service is good, tip is average
% If service is excellent or food is delicious, tip is generous
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The General Case... A Specific Example...

Input =g Output service e tip
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if service iz poor then tip is cheap
Rules if service is good then tip is average
if service is excellent then tip is generous
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Input Output service tip
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excellent} generous}
G g, o, Sles M) S

(Oelsd 5l Glasgamme ulul p aS Coul (699,950 polie i sl (oD, (31 Flicwl M sl
S oo (2 )lade (9,5 Mo sl (6 polie
gl oo 1) CL:.;:;.\.J J.,..:TJB 5 95> 9 (599,93 oyl a5 aalsl o

3 sacgorma -0

2 63l asgarma 15 0 )la5 (el 5 o Ui pai Sl sl e 4 el (Slacgorne (535 acgerme
D)l Bl dsgame 4y (oo Cugds 4z o L gas

als widn lajs) acgazme die o3 b o)l Bla dcgee 4 Sy gde b S dsgere o 40
il (3lae azin slajs; asgemme 4y ol (LS il (g polie el g aidgd (S Al
D5 o0 ST b e oo Al lacgere bawgi b paie G

s

85



5}.?-@‘4.,.;.;3@_;%L;;l@@»\d;;_é.ca)}'\mw.o}&s@m;)ﬂ)ol)m);;’l:\.cwdb
Al asgaze 5l Ll sk Glgioo |y e nl gm lged oo 5 wle Clux 4 atie 2T slag,
s acgazme ] gac JolS jolay lgi oo 43 90,5 BA> dlan

Sl 3l el ludl (Saiy Sy 08 e 1) el 4] (S degae slaie
RGIUV PO IP-I V- JUUWE:S I P K9

odd Ly ) bz (lul 2 58 3lato Lol

Sl plas plgioe az o b Ol g alaz s s (g3l Gl 5o

6oL, Hlod nl s al)) 3 MalS & g Al Sl & e o faly Jlsw slp Sl oo 536 3
3 o0 5952 093 3l 0ya39) sekar s Legludl a5 ol

ol » Lfalse g ) L, true Jlode ST yde glie jo .cul pde Glaie 59, larws (o518 slhato
S5 Gl lgse |y Sl polae 558 Blate ;o g oo 00ls

e

(s )V igonly Sl win 5T 55, Sy anoz bl 1 Jl5e

(e ) - sy Sl i 51 55, o 43S0 LTl

IR gl ol atie B 5, Sy ey LT i lge

soka all aldlad po b ally 3l vo Glacgase 4y ilgi o gac K (o310 Bl o CEs> o
DAl gas (Lastie Cogas 42 )0 L) (o

Jo S sl Jad 1556 sloacgone sl ;N0s Jie S

oy sk S ool anlyet a ) GRbled fniden Jled il aSiibey e yo i Jlads 0 Sas o
Jbo lasy auof 5o (bl ool a0 &5 LS andly Gl Jlo Job )0 Lt 09 o0 o0l il
13,5 o) p) degeme Gl on 9 00D Gk el iliSe sl Jad 4

10 spring summer fall winter 10 spring summer fall winter
degree degree
of of
member- member-
ship ship
0.0 0.0
March June September  December March March June September December March

Time of the year Time of the year

6B lracsome B jo alise slo fad dcgaxo H Jss

86



(Membership function) =y gac &G -7
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A B Aand B A B AorB
0 0 0 0 0 0
0 1 0 0 1 1
1 0 0 1 0 1
1 1 1 1 1 1
AND OR
Oﬂ.la.g)ogs.b;&c;lﬁ.l&c(”)di;’;

A not A

NOT
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A B min(A,B) A B max(A,B) A 1-A
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AND OR NOT
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A A A
] E
Two-valued
logic [ AerB ]
A and B not A
Multivalued ~
logic
A t A
AND OR NOT
min(A,B) max(A,B) (1-A)
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If service is good then tip is average
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1. Fuzzify
inputs. delicious Reszuit of
fuzzification

food is delicious

food =8
input
$3lusb O S
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1. Fuzzify 2. Apply

inputs. QR operator (max).
excellent 0.7
07
0.0 delicious 0.0 result of
4 Tuzzy operator
service is excellent or food is delicious

service =3 food =8

input 1 input 2

58 gl Slos Jloel (10 IS

Antecedent Consequent
1. Fuzzify 2. Apply 3. Apply
inputs. OR operator (max). Implication
operator (min).
excellent
- generous
delicious
If service is excellent or food is delicious then tip = generous ‘ result of
implication

service=3 food=8

input 1 input 2
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. 3. Apply
2 Seply .inm'ﬁ:p.\? on

1. Fuzzifirinpu's. fuzzy o
operation method (min).
|"gR = max)|
l ] pcor rancid ] cheap
I/ _ |
[i] 25% 4] 25%
| Ir BEIVIGE S oo w food iz rancid lhen tip — cheap |
Averags
2 - rulz 2 has
no degendency
good on input2
Q 2% 0 25%
| If service is good fhen tip — average |
excelent
3 he delicious
0 25% 4. Apply
| If eervice iz excellent o food iz delicious then tip = generous | ggegﬂ;ec)%‘i}::;ng.
service - J foud =8
input 1 input 2

° Result of ©°*
aggregation
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5. Defuzzify the

aggregate output

0 259 (centroid).

tip=16.7%

Result of
defuzzification
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2. Apply

o fuzzy 2 Apgly
1. Fuzzifiy inputs. aperation implication
(IR = max) methord {rrin)
poor rancid cheap
0 10 10 0% 25% 0% 5%
If service is poor ar food is rancid then tip = cheap |
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no dependency
good aninpul 2
o 10 0% 25% 0% 256
‘ I semvice is good then tip = average
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. generous
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LY (a4 prd
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| I service is excellenl H] Toud is delicious Livenn Llipy = geneous aggrrgaion
method (max)
service =3 food=8
input 1 input 2 o
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tip =16.7% 0% 25%
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