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object-oriented systems
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.structure
knowledge :two modules
(1 ) inference engine base
meta-knowledge
domain knowledge
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If...then...else...

For x from ato b do...

"ACME

Joe works for ACME

ACME

IF ?x works for ACME THEN ?x earns a large salary.

structures

?X



) record

IF...THEN...

! evidence °

static

3000

by default

ACME !



|
QL.IJI I AAl |S-Ia |E|‘ﬂ
1 1
) - EI‘,S
. ry r'y
AL bt : I ) I
.@P instance of instance of
& ' ] '
ks p»- - - -—--- Aol o el
{default) —
I
) C ) material
6":( % |
“ b4
- -
- NICTCA B
o 1
|
instarllce of

hd

&L 52 » sl

default dléiss <. d 2o dl¥,dS. 0 -2- JE LI

.entities
.relation attribute

instances

.semantic net "



inference (
net
bale oy
:.I.:J_,...{:. gale L L=,
Bydime dddle UAra Jos S e
?‘E‘}- T
dudgbauag ACME 45 s 5 foas

J¥aciwl a0 3. LS

IF
.<cause> THEN <effect>
ACME n n
.deduction ( ) ( )

.abduction
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ACME X

IF ?x works for ACME THEN ?x earns a large salary.

.induction

inference engine
forward chaining
.backward chaining

goal driven data driven
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computer net configuration

.spreadsheets
.reasoning
.-1- interpretation
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cognitive codes it

.engineer
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computational intelligence .6

symbolic
representation
computational
.soft computing intelligence
Bayesian updating
.fuzzy logic certainty factors
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.evolutionary algorithms o
probabilistic °
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Anderson 1993

[ cbbaliges |
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MYCIN R1

"if...then..."
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FLOPS
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) expert

DENDRAL

)



C++

production if...then...

=

.

systems

Source Spindles Destination

Source Spindles Destination
(o s )
.D S

rule (goal Fires if only one disk to move)
IF (in Spindles n =1 AND source = <S> AND destination = <D>) THEN
write "*** move <S> to <D> ***\n",
delete 1;

Destination

15

spindles

Source S



.Basic Fortran

rule conflict

THEN

16

Pascal

instances

JIF part ( )

OPS

algorithm



formal FLOPS

.language

FLOPS °
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IF-THEN )

1976

inputs

.fuzzification

.outputs

.defuzzification
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<R>

id=<id2>

id1, id2

id2=<id1>

id=<id2>

19
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.complex business problems
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Decision Support System

GENESYS QA IEIPLN 2000- today
RECOT Sleliall & oA
ol 1999- today
ERP
MOAS GlS )3l 55l 9o laidadi | 2001- today
oSS g Aadal

GENESYS (GENeric Expert System for Schedualing)

if-then

Neuron Data

NEXPERT OBJECT,
SQL Server, Ms
Windows

GURU, C++, Ms
Windows

XpertRule, ORACLE,
DELPHI

resources allocation

4ol A58 8 ZUY) 6 padinee
Al g
e )l o e
4l g
35 el Alla Al 50 81 aaiinns
bl 4 ERP
Software House in Greece

A

scheduling s

NEXPERT OBJECT

400

RECOT Reduction of the Environmental Cost in the Textile

21
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RECOT . optimization
GURU
APIs ( ) ODBC Windows NT
50 .Visual Basic C++

430 1205

MOAS Modeling and Optimal Adaptation System
ERP .ERP
ERP
500 XpertRule

14

MOAS RECOT GENESYS
+ + Jaall Gua
B Jle o\

OIS (e Ale A o

g sl pua

aie pawivg ¥y juall acy Hlaill
Suall s Kae 2il g

Juad) o Aol 5 bl Jglall
skl ey

(b)) Wasli sl

D oUad 3 g3 aladia)

JalSia allai (e ¢ 3 yuall olail)
Claaayall sk ae | 8 Gauai (<)

Aalad) claltiall g ilina pll g da g8

+ ++ + + |+
+ + + + + F + [+

4|+ |+ |+ |+ |+ ]|+ ]|+]+ ]+
YEEREEEEEE R X

=+
+
+

: -2-

22



23



rule-based expert systems
( ) .knowledge base system
rules

production rules

.(If <condition> then <conclusion>) < > < >
< > < >
facts
< >
[
[ ]
[ ]
[
[
< >
< > < true >
< >
< > < >

24



.fact base
declarative
inference engine
expert ( .)
Prolog systems' shells
[ J
[ J
[ J
[ J
[ J
.available rules : o
triggered rules °

.to fire °

25



forward chaining

data-driven strategy

) true facts

.unknown fact

.more compact

2 2
3 3
4 4
2X ?X
?
unified instance

26
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backward chaining
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backtracking Prolog
[ ]
[ ]
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.recursion

define function backwardchain(G);
/* returns a boolean (i.e., true/false) value *
/* G is the goal being validated %/
variable S, X, C;
result:= false;
/%= represents assignment of a value to a variable *
S:= set of rules whose conclusion part matches goal G;
if S is empty then
result:= false;
else
while (result=false) and (S is not empty) do
X:= rule selected from S;
S:= S with X removed;
C:= condition part of X;
if C is true then
result:=true
elseif C is false then
result:=false
elseif (backwardchain(C)=true) then
result:=true;
/* note the recursive call of‘backwardchairi %
/* C Is the new goal %
endif;
endwhile;
endif;
return result;
/*‘result is the value returned by the function */
/* backwardchairn %
enddefine;

29




conflict set

-uncertainty

30

metarules
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-p(H)

kv 1V 1mV

Bayesian updating

PROSPECTOR
a priori probability H

) P(H|E) E
) P(E[H) (

. (

g gy P(H)xPE[H)
P(HIE) =20
o(H |E) = P(H)*P(E [H)

“p(H)xp(E [H)+p(~H)xp(E |~H)

31



p(~H) p(H)

p(~H)=1-p(H)
P(H|E)
[ J
[ J
C ) ( )
[ J
[ J
[ J
[ J
certainty theory
.MYCIN EMYCIN (Essential MYCIN)
.C(H)=1 H
.C(H)=-1 H
.C(H)=0 H

certainty factor (CF)

32



CF'=CF xC (E)
.CF'=CF C(E)=1

C(H|E) E H

if C(H)>0and CF'>0:
C(H|E)=C(H)+[CF%x(@-C(H))]
if C(H)<0and CF'<0:
C(H|E)=C(H)+[CF%(@+C (H))]
if C(H) and CF "have opposite signs :
C(H)+CF'

c(H |E):1—min(|C(H)|,|CF'|)

C(H|E)
41 -1 )
C(HIE)=1 CF=1 C(H)=1 .
C(HE)=-1 CF=-1 C(H)=-1 .
C(H/E)=0  (C(H)=-CF ) .
.C(HIE)=CF'  C(H)=0 .

... E,Ey

C (E,AND E,)=min[C (E),C (E,)]
C (E;OR E,)=max[C (E;),C (E,)]
C(~E)=—C (E)

33
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(Frame-based programming)

Object Oriented Programming (OOP)

passive

.CLOS (Common Lisp Object System) Java Smalltalk

( )

classes

built-in

35

C++

integrity



abstract data types

attributes

instances

variable

Car <class =

JE
.-f-*""" E} ~ 1. .
&Eh

Object <V\W Beetle> Object <Fort Mostang=

Object < 7-series-BMW =

slots

template

36



.by default

)

Byl Byl
plaiuif
number of wheels: (‘_‘—MLU—:* number of wheels:4
Integer
length=real length=35

il
CLASS: Boarding Pass
Carrier: [Str]
Name: [Str]
Flight: [Str]
Date: [Str]
Seat:  [Str]
From: [Str]
To: [Str]
Boarding: [Number]
Gate: [Number]

Boarding Pass -1-
) (string )
.(integer
INSTANCE: Air New Zealand Boarding Pass
Carrier: Air New Zealand
Name: Mr. White
Flight: Nz 101
Date: 13 Dec
Seat: 25A
From: Melbourne
To: Christchurch
Boarding: 1800
Gate: 7
-2-

37



.NZ 101 :

.12/23 :

.25A

data members

static

25

C++

(Airline-Ticket

<Passenger Person>

<Discount

[when-needed

{if Passenger:Age < 25 then Passenger:Discount=50% else
Passenger:Discount=0%
Discount=Passenger:Discount}]>)

<Price number>

)

(Person

<Name String>

<Age number>

<Discount [when-needed

{if Age < 25 then Discount=50% else Discount=0%}]>

)
(John

38




<INSTANCE-OF Person>
<Name “John”>

<Age 24>

<Discount [when needed

ced)

(Ticket1010

<INSTANCE-OF Airline-Ticket>
<Discount [when-needed.....>
<Price 1000>

)
Rule:

IF Airline-Ticket:Discount=50% THEN Airline-Ticket:Passenger:Discount=50%

IF Ticket1010:Discount=50% THEN Ticket1010:John:Discount=50%

( ) -3-
C++
Myclass* myinstance,;
// declare a pointer to objects of type Myclass

myinstance = new Myclass;
I/l pointer new points to a new instance

myinstance C++ .garbage collection

Detete myinstance

39




i Base Class Object 1
h\Y G
Creale \
Dog Instance Rayne
‘ » | ‘ ¢
Properties Methods Property values Methods
Caolor Sit Color Gray, White, And Black Sit
Eye Calor Lay Dawn Eye Color: Blue and Brown  Lay Down
Height Shake Hight: 18 Inches Shake
Length Come Length 36 inshes Come
Waight Set Propanies Weight: 30 Pounds Set Properties
Get Properties Get Proparties
Finn Aag e Aulaiyl Loas Ladlae g waesll o aliel oLy oo 2283
Base Class
ro-alall

Dog
Properties Methods
Caolar St
Eve Colar Lay Down
'Ir,'n;h', Shake
Length Came
Weight Sél Propeies
Get Properties
Wikis ol s S pmdl oadiy roalddl Foauy
constructors
.destructors
/I class definition:
class Sonic_pulse
{
protected:
float amplitude;
public:
Sonic_pulse(float initial_amplitude); /I constructor
~Sonic_pulse(); /I destructor
|3

Il constructor definition:
Sonic_pulse::Sonic_pulse(float initial_amplitude)

{
}

/I destructor definition:

amplitude=initial_amplitude;

/[ set up initial value

40




Sonic_pulse::~Sonic_pulse()

{
/[ perform any tidying up that may be necessary before
// deleting the object
}
destructor constructor -4-
destructor constructor

Sonic_pulse* myinstance = new Sonic_pulse(131.4);
or:

Sonic_pulse myinstance(131.4);

/ftechnique 1

/ltechnique 2

.derivation inheritance

sub-classes

"a-kind-of"

super-class

® asubclass is-a-kind-of superclass;
e an offspring is-a-kind-of parent;
e aderived class is-a-kind-of base class;

® aspecialized class is-a-kind-of generalized class;

® aspecialized class inherits from a generalized class.

41




Class_A

Class_A

1 daualy
2 diusly

A

Class_C Class_B Class C Class_B
1 did.sly > dgaliuss <H 1 dawaly
2 dawaly s dgulaieca < 2 dawsly
3 ddualg > dalise < 3 daaly 3 dawly o> dalisee o 3 daesly
C++
.overloaded
il gl signal 8Ll
graphic : Gif_file ol
i speed : Real Sl !
o [
Shaty phase 15
amplitude : Real Jlas
attenuate EW-E N
= animate el
o olEte
Sonic_pulse  ddgwdin
| e graphic = "pulse.gif”
) I3 speed = 5300
| milaal pha.’ie =|:Iﬂ dB
tr_..u....J.' riFl | T I amplitude = -20
? position:Coordinate
direction:Coordinate
sy deslg attenuate
move
R idele i
Shear_pulse Longitudinal_pulse
- d ddsoly speed{m/s) = 3230
move

42



signal sonic_pulse

.shear_pulse longitudinal_pulse
graphic
speed
move
-6-
-7-
| 8 | | jlg= I | &L |
| gobal sl || ol o || Jowpe || LS | |daigus dorgo || dagasl, dogo |
[T ] =5 ]
| ddsdo doge | [ dudyizedaga

.-6-
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©
|| @00
—auulS g Josipa
,‘_.,.nLn‘ slas
¥
2
§ipaata
1
- il
F.a-:—‘i*i:' &
T ol jlas
-7-
multiple inheritance
network
| General_object |
JAN
| |
Feature Device Signal

Transmitter| | Detector Sonic_pulse | | Radio_wave

T T

Delay Frnnt_wall| Defect || Back_wall|| Longitudinal_pulse | | Shear_pulse

-8-

front_wall

.defect back_wall

44




features transmitter

--9- graphic
Feature Transmitter
graphic = "feature.gif" graphic = "transmitter.gif”
send_pulse send_pulse
propagate display
interact generate_pulse
Defect
|severity : Integer
display
propagate
interact
reflect
-0-
.repeated inheritance
Class_A
Class_B Class_C
Class_D
-10-
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D A C++

encapsulation

private
C++
(default ) :private
‘protected
‘public
-friend
Class_E
Instance of Class_G, "has access to" _
derived from Class_E public:
friend Class_F
Other objects and | protected:
rest of program ‘
private: I
Instance of Class_E
C++ -11-

46




UML

UML

specialization/ generalization. /
.instantiation

clients

aggragation

.compaosition

.association

loose

server actor

.agent

UML

47



Jouyo ca bl RETes Bygall ddleo silinay
________ ,____MJMJIQAQMJ}LM-____Q_________
gt Jaltl g.?T.-iﬂ Jogl Las (R
Al 0,0 S 58l ware Jeids || oladsye
) (3o steall ) -12-
UML
late binding dynamic binding
compilation
.UML
.C B A -(a)
-(e) -(d) -(c) A :objl —(b)
- H# +
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(1) (2)

ClassA class objl:ClassA
+attl:Real
# att2:Integer attributes
— att3:ClassD
+opl{pl:Real)
+op2():Real operators
Class B Class C
+ att4:Integer +attl:Real
— att5:ClassE = att7:ClassF

+opl{pl:Real)

(3) (4) (3)
Class D Class F Class H
* 0..1 1..2
1..* * 1
Class E Class GG Class 1
UML -13-
.att operation
real integer
.6
demons
daemons or active value
demons
demon

49



Jsdi woledd

—— N
— —~ /)
e .
dudalsll:alleall dgaall A o .
audlyo
demon -14-
.0bject-oriented frame-based
.passive

- - Truck
- M,
value:Integer FP
number_of_wheels | range=4..12 Saa
sl sac access function=count .wheels
SMosll e = 3laill alls facets
slots < ---------------------------- Ce e e aas st earassanraareannna
LS value:Real douall | [cilgal gl
length  Jgdadi : Sl
units=metres e | Byl
| location zosl! value:Place olSo t dedll |
-15-
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(4)

/* define a frame */

frame vehicle;
default location is garage and

default number_of wheels is 4
and default mass_in_tonnesis 1.

/* define another frame */
frame truck is a kind of vehicle;
default mass_in_tonnes is 10.

/* create an instance of frame truck */
instance my_truck is a truck .

[* create another instance of frame truck */
instance your_truck is a truck;
number_of_wheels is my_truck’s number_of_wheels + 2.

-16-

scripts .3
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Generic RESTAURANT Frame
Specialization-of: Business-Establishment
Types:
range: (Cafeteria, Fast-Food, Seat-Yourself, Wait-To-Be-Seated)
default:  Seat-Yourself
if-needed: IF plastic-orange-counter THEN Fast-Food,
IF stack-of-trays THEN Cafeteria,
IF wait-for-waitress-sign or reservations-made THEN Wait-To-Be-

Seated,
OTHERWISE Seat-Yourself.
Location:
range: an ADDRESS
if-needed: (Look at the MENU)
Name:
if-needed: (Look at the MENU)
Food-Style:
range: (Burgers, Chinese, American, Seafood, French)
default: American

if-added: (Update Alternatives of Restaurant)
Times-of-Operation:

range: a Time-of-Day

default: open evenings except Mondays
Payment-Form:

range: (Cash, CreditCard, Check, Washing-Dishes-Script)
Event-Sequence:

default: Eat-at-Restaurant Script
Alternatives:

range: all restaurants with same Foodstyle

if-needed: (Find all Restaurants with the same Foodstyle)

-17-
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P, Q,

Excluded Middle

Non-

might

must

P,Q R,...

possibility

necessity

54
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AND,

( n " ) OR, NOT, IMPLY
P Q —P PAQ PvP P=0Q P<Q
False False True False False True True
False True True False True True False
True False False False True False False
True True False True True True True
-1-
'NOT
NOT(P) = 1-P
Zadeh AND

Zadeh operator: (P AND Q)= min (P, Q)
Probabilistic operator: (P AND Q)=P*Q (if independent)
Bounded difference operator: (P AND Q)=max(0, P+Q-1)

OR

Zadeh operator: (P OR Q)= max (P, Q)
Probabilistic operator: (P OR Q)=P+Q-P*Q (if independent)
Bounded sum operator: (P OR Q)=min(1, P+Q)

PORQ P AND Q

.dual operator

PvQ =—((=P)A(=Q))
PAQ ==((=P)v(=Q))

OR AND
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(=) () imply
(P-Q)=1if PLQ, else (P>Q)=0
(P-Q)=min (1,1 -P +Q)
(P—>Q) =max (1-P, min (P,Q))

P—Q = (NOT P) OR Q

Modus Ponens

P AND (P-Q)) - Q(

50
.[0,1]
[0,1]
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[0,

universal
X
(Ax)=1 ) A
(
F X

O
Il

MM M
X11X21 lxn

F(x)

Ue (X)=1=x belongs to F
Ur (X)=0=x doesn't belong to F
O0< e (X)<l=x in F with membership g (x)
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X

X

X

0

A]

set

.characteristic function

[0, 1]

X1

[0, 1]

-(x)

251



-2 - 0

a

0.25 -2

0, X <a
(x —a)/(b —a), a<x <b

1
1.0
() /
&
0.5 /,
7
L
F |
0.0 - - . : .
-4 -3 1

Hx) = c-x)/c-b), b<x<c
0, X >C
1.0
pix)
0.5
< - - ==
0.0 4 =
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1.0

H{x)

linguistic variables

59

0.0
.0.2
1.0
H (x)
0.5
R |
!
u-u L T : T t T X
-4 -3 -2 0 2 4 5 G
a b1 b2 c
.0.34 -2 1 -5-
.singleton



1.0

L (x) T 7 4 Fast

0.5 T L Slow

: ’ : > L] Medium
ﬂﬂ ) e e P o e ety AR etTF HENS R TNl T o et e e e D e

0 10 20 30 0 50 60 70 80 a0 100

n n _6_
3
(matrix ) array
OR
AND ( )

composition

) A

A°B ( n m ) B ( m
n
Cij :(ail/\blj)V(aiZ/\ij)V---V(ain /\bnj)
AND max OR min-max
.min
05 1

0.2 0.4 0.6 0.6 04
A= ) B =07 O.5,C:AOB:

0.3 0.6 09 1 0 09 05
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X xY Y X

X xY R Y y X X (X, Y)
X xY
&YooX 1 0 (x,y)
discrete
Y={Fred, Mike, Sam} X={John, Jim, Bill}
n Y X
Fred Mike Sam
John 0.2 0.8 0.5
Jim 0.9 0.3 0.0
Bill 0.6 0.4 0.7
-7-
fuzzy propositions A4
(A (comparison operator) :B A
B A B)
3 y 0.8 3 X
A: (x=y) . 0.7
.min(0.8, 1, 0.7)=0.7 A 1
Tv(x (comparison operator) y)= min (tv(x), tv(comparison), tv(y))
<, 5,5, 2, .truth value tv
1 O > #
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.small size B =(size is small)

small Tv(small) .small Size

tv(is)=1 is Tv(size)=1 . 0.75 size

Tv(B)=min (1, 1, tv(small))=0.75

B A A=B
Tv(A=B) =max (min (A(x), B(x))
B A
1.0 r
'_
pix) F
L
0.5 :—
7 < A < B
|
r
r
ﬂﬂ I Sy R R D T Rt S TRt Rl |
1 0 1 2 3 4 5 B 7 B
B A -8-
05 O B A
.0.5 A=B 0.5
~<
( ) 5
crisp . fuzzification

100 0 t
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(Temp ={low, medium, high}) { }

.[0, 100]
u(low) =tv (t = low)
u(medium) =tv (t = medium)
u(high) =tv (t = high)
Temp low p(low)
.Temp t Temp
10 ;
b '
I 4 ; . high >
pix)
I | .
i . ' /z T
0.5 r (Low : t
- ;
3 e T——
. (medium)
; .
DD [T T T TR e T S e e T S e I T T T 1
0 10 20 30 40 50 60 70 80 90 100
X
t -9-
_t n n
.0.15 high 0.89 medium 0.43 low

.high  medium low t

{0.43 0.89 0.15}
Tempreature =

low 'medium "high
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) value Lvariable
.(Lvariable = "length" value="short"
value u(x, value) value X
.u(value, Lvariable) Lvariable
Lvariable value
u(x, value) AND A
min AND p(value, Lvariable)
1.0 -
T y §
P high
}LUC] :— Low ~ o
r z"‘r‘. e — T“'\-_‘
0.5 r < ~ Cmedium} "
L== = ="Th - = ",
L -'""/ \"-.
| o .
I— -'_"f i '\.‘ I‘
F .
ﬂ.ﬂ 1Lz__1'__‘l___l___l___'l'___I___I___l___'l'___l
0 10 20 30 40 50 60 70 B0 90 100
X
n n _10_
.min AND
OR
max
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1.0

r
= high
pix) -Cow
:
0.5 r 4 . L
i 2 Cinedium
- -
r - ,
[I.[I r:__T__'I___I___I___T___l___l___l___'l'_\__l
0 10 20 30 40 50 60 70 80 a0 100
X
OR n n _1 1_
.max
centroid method
Xmin
Xxmin=43 . Xmax
X =X max +Xmin)/2=49 xmax=55
[43, 55] 0.42 [0, 15]
0.88
X = (X 1540.42+ 335540 88)/(0.42+0.88) = 35.6
b
[x.u00)
- B
X =8——=418
[ 1x)
a
[a, b]
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X A B, C
OR AND AnB AuUB
.t-conorm  t-norm
z=T(X,y) .[0,1] [0,1]x[0,1] T t-norm
t-norms .[0,1] X, Y,2
. T(x, 1) = x (boundary )
. T(X,y) =T(y, X) (commutativity )
Cif y1<y,,thenT (X,y;) <T (X,Y,) (monotonicity )
T (X, T(y,z)=T( (x,y),z) (associativity )
.tv(P AND Q)= T(tv(P), tv(Q)) - AND t-norm
AND norms
T (X, y)=min(x,y)
T (x,y)=max(0,x +y -1)
x if y=1
T*(x,y): y if x =1
0 otherwise
T <T_ <T,<T, T <T <T,
) C=ANB A, B
(
C(x)=NOT T (NOT A(x),NOT B(x))=1-T 1-A(x),1-B(x))
[0,1]x[0,1] OR t-conorm
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=

N

e

IS

z=C(x,y) t-conorm C .[0,1]

C(x, 1) = x (boundary )

. C(x,y) = C(y, x) (commutativity )

if y;<y,,then C(x,y;)<C(x,y,) (monotonicity )

. C(x,C(y,z))=C(C(x,y),z) (associativity )

t-conorms

Cnh(x,y)=max(x,y) called standard union
CL(x,y)=min(l,x +y) called bounded sum
Co(x,y)=x+y-xy called algebraic sum

C*(x,y) called drastic union :

x if y=0;
=<y if x =0;
1 otherwise
Cp<C,<C <C’ C,<C<C”
D=AuUB A, B
D(x) = C(A(x), B(x))
A° A

AS(X)=1-A(x)

t-conorms t-norms

Ty (X3 X ) =N (X X )
t-conorms t-norms

C(x,y)=1-T (1-x,1-y)
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.approximate reasoning

If X is AthenY is B
from X =A"
infer that Y =B

v
extension principle o
.interval arithmetic alpha-cut o
*
N M P=M*N
.N
P

P(z) =supy y {min(M (x), N (X)) | x*y =z}
P(z=4)
Niy) M(x) N(y) M(x) 4
.P(4)

( ) ae(0,1]
AX|AKX)>a} (Ala] )
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A[0] . X X

-2- .(support  base)
Alll=[ac] _5- A[l]=[a,b]
A(X)=0
.A[0]=[a—-30,a+30] X > a+3c x<a-3c
A[0] A[1]
a, a Ala]=[a(a),a,(a)] :

A[0]=[ay,a,] Q
.al>0 A>0
.al>0 A=20
.a2<0 A<O
.a2<0 A<O0

* [c,d] [a,b]

[a,b]*[c,d]={x *y|x in [a,b], y in [c,d]}

[a,b]+][c,d]=[a+c,b+d]
[a,b]-[c,d]=[a-c,b-d]

[a,b]<[c.d]=[a, b],[l,l}
dc
.[c, d]

[a,b].[c,d]=[x,V], for
x =min{ac,ad ,bc,bd }
v =max{ac,ad ,bc,bd }

.[a, b].[c, d] =[ac, bd] c>0 a>o0
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~12-

~14-

A
1.0 |
L
L
I_
pfx)
} =
L
0.5 i
I
-
'_
L
L
I
0o
1}
A
~13-
A(x)
D(x)
D<A
1.0 |
L
L
2 ] I_
1{c |
t r
L
0.5
I
s
-
L
I_
I
u_u r= - 7T~ - "1—
0 10 20
C=NOTA

tv (A =B)=sup, y{min(M (x),N (y))[x =y}

(B A) A~<B

50 60 70

-12-

C=NOT A
D(x) .true-false A
X . -0 X

X(Amax) A(X)
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1.0

px)

0.5

71

D=A
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inference
false true
necessity
initiate

fuzzy

possibility

t-norms

then part

73

.0

Modus Ponens



antecedents

modification

meta-rules

-monotonic °
:non-monotonic °
.downward monotonic °

creation
input or output data
debugging
3
IF (P) THEN (Q)
Q P

litteral
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.AND, OR, NOT

.single truth value

IF (P) THEN (B'=B)
B! B P

.revised data

IF (A'=A) THEN (B'=B)

A B A
A A A
)B' B A
(
(1 r ) .r
.(min AND)P ANDT P
1 r r P AND P

monotonic inference

B

0.8 B

.0.8 B

(B ) B’
'=P OR B
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A (A'=A) P

( ) A

P =truth value (A'=A) = max (A, A")

P = truth value (A'=A) = max (A(x), A'(x)), V¥xin A, A’

B'(x) = max (P, B(X)) : B B

non-monotonic inference

08 B
.0.5 B .0.5
.09 B 0.9
B'=P
B B (A'=A) =
A, A', B, B'
B/'(X) = A'(x) AND A(x)
B' B/,

downward monotonic inference

B

declare Data output fzset (Small Medium Large);
rule IF (...) THEN output is Small,

If Pi then B is B;
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.B=PANDB; :

|
1.0 ‘L-
| - 52 jhall sl 4 guinall S
r Small
A
L
0.5 - e e P Ay ]
r 53 jaall Jamall 4 pianll a0l
3 Small
L
L
0.0 I| [l e e el
0 14 16 18 20
If A Then size is Small Small -1-
0.6
approximate reasoning A4
A A—B B
IFXisATHEN Y is B
From X=A'
Infer that Y=B'
A, A', B, B’
A—B A B'
B'=A"°A->B
A_]0307 10
X1 X2 Xg
B :{E,g%}
Y1 Y2 Y3
T(X, y) = min (1, 1-x+y)
R(x.y)
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1 1 05

R=1081 1
061 0.6
A [10 06 03
X1 Xo X3
T=Tnh A'°R B!

B '(y1) = max{min(1,1), min(0.6,0.8), min(0.3,0.6)}=1
B (Y ,) = max{min(L,1), min(0.6,1), min(0.3,1)} =1 ~B'= {E,E,%}
B '(y4) = max{min(l,0.5), min(0.6,1), min(0.3,0.6)}=0.6 Yi Y2 Y3

.if x is Big then y is slow

A B A
1.0 :_
:' . (3 .4 A 4 3
}' (%) I
i
0.5 |
=
I:II:I : _________ - - 7T - - 1T T = = = -
0 5 10 15 20
X
-2-
Gaines- ) (A—>B) R
:Rescher)
1if tv(A(x))<tv(B(Y))
R(x,y)=tv(A(x)>B(y))=
0 else
B’
B'(y) =sup{(A'(x), R(x,y))}
.arguments Supy
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1.0 5 " B
T j e 4
1 A—p/ N\ L 4—A «
| / f
}l'r“} 1 i ' \
T ! |
0.5 + 4 \
| J \
i / \
T r \
N _,-f '..
00 - -d--Lr——qr-q - -+
0 5 10 15
X
-2- -3-
0.5
.(B=B' A=A' )
.B'(y)=1 T ANA'=Q
( AND) t-norm
1.0
(i
:— A
H .
'_
05 |
|
r
-
L
I /
0.0 | mfeepedeee.
0
X
.(A AND B) A’ B'.A,A',B,B'
-2-
Mamdani implication
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If Xis AthenYis B

B'=P AND B

B'=A'° (A>B)

1.B; >B;
2.1f A'=NULL,then B'=B
3.If A'and A are disjoint, then B'=B

1B'=P=(A"=A)
2.1f A'=NULL, then B'=NULL
3.1f A'and A are disjoint, then B '=NULL

1.B; <B;
2.1f A'=NULL, then B'=NULL
3.1f A'and A are disjoint, then B '=NULL
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.B'=(A'=A)ORB !

B'=(A"=A):

.B'=(A"=A)ANDB :

B'j=max (min (A", A—>B)))

.TMSon

.B'=A'"°A>B:

by default

81

o

A -0
B - 0
C - 0
.Mamdani
D -0
[Ai—>Bj]
A, B, C
(A=A) A’
I
by default
FLOPS
TMSoff
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"snapshot”
state-

.based reasoning
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-.| v
/W15d1ulsh,h.ﬂ\ g
Y J.é_lir'
\ L]
L
/ Jonngall 2l olis Jai \ \
b \M AUl
/ - N it
il gall e datass \
£ SN j.“.i]
1“-\.
.' '
@il g ebiall dayta sl \\ o
Vi gles
-1-
( )
reactive
[ ]
[ ]
STRIPS
STRIPS
ST
.effects preconditions

means-ends
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product

.customer deliver
subcontractor subcontact
manufacture
machinery raw materials staff
-2-
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-3-

customer has product

deliver

AND

order placed product ready

manufacture OR subcontract

AND AND
staff sufficient machinery subcontractor subcontractor
available raw materials waorking exists cost is OK
purchase fix
AND
can afford materials parts
materials available available

b oRr J t
| orrow sell asse %"N

good relationship assels sufficient time
with bank exist fo sell assets
-3-
- —-supplier
-4-
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borrow mon

customer has product

AND

subcontractor subcontractor
l T\ exists cost is OK
[Frue] - —p \4 K
purchase fix
I N
/ 7 y‘\
paris
available
™ [ e - =
borrow OR sell assets AND
good relationship assels sufficient time
with bank exist to sell assels
—4-
STRIPS
hierarchical
STRIPS .
ey purchase materials fix machinery manufacture deliver
A ga el pd e poie e
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Adgl sl e Joas! 4 P XY nls

abstraction STRIPS ABSTRIPS .primitive actions

conjunctive (
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job shop scheduling

schedule

iterative analytical

.heuristic
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( ) .
[
OPAL
lots °
CBA constrained based analysis °
[ ]
CBA supervisor ( ) o
[ J
aaizll I_._I_-u._._F"”‘,.u...,n'1 HNT =l a0y S adl (I
CBA spaill o Le Bl (=i ) oladl mes liina
ollaolf facli
).q.i.'-_l.u.u 5.&:_-|5
.OPAL -6-
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SONIA .

.feedforward

disturbance

.feedback



(a)

wgllall zpdd o
ol S S el
(b) Slliazgiad
weliall ydd v @Sl Jud pd 4
= oSzl 2 bt s >
(c) oiladiyg s
Sl Jad v 4
,q.Sa..:.H B i_...hd_i {JJ‘ »
A
Lacd
wrgllall =kl
f—n
-c -b -a -7-
(
PID
bang-bang
.Servo adaptive
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.uncertainty

RESCU

LINKman
ARBS

electronic chips
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BOXES

BOXES
[ J
[
[ J
BOXES
~( ) = (
) BOX BOXES
.bang-bang (
bioreactors BOXES
BOXES ( )
bang-bang
Yo
| 72
|
|
torce L _]"1 J
| |
o E——
I H I
-8-
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statistical process control (SPC)

( )

monitoring
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William SILER "Fuzzy expert systems and fuzzy reasoning”, 2005m John
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