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(Haugeland 1985)

(Charniak & McDermott 1985)

(Barr & Feigenbaum (Jackson chapter 2))
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Information
false true
."fuzzy logic "
- Switches
Turing Turing
(B) (A)
(C) Interrogator
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) Ontologies

)



(...Lisp, Prolog, CLIPS )

) Frames
(if, then
MYCIN

INTERNIST
.PROLOG

)

(
)
.(agents ANN



Views of Intelligent Reasoning and Their Intellectual Origins

( ) <

Soundness

Abduction

.matching

( ) <

frames

(. .. ) .stereotypes, scripts
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.Taxonomic

epistemology

.8

Giarratano & Riley “Expert Systems: Principles and Programming”, 3d Edition,

1998
“What is Knowledge Representation” R. Davis et al. (on the web)
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) present
future (
"reasoning " . (. )

."planning

."symptoms "causes

."expert systems

(TRUE,
FALSE)
(BAT_OK) x;

(LIFTABLE) x;
(MOVES) x;

( )

) MOVES ( ) BAT_OK
LIFTABLE .LIFTABLE (

1 LIFTABLE BAT_OK
0 MOVES . 1 MOVES

12



BAT_OK .0 ( ) LIFTABLE

.0 LIFTABLE

BAT OK  ~

propositional calculus

first order predicate

( False True YF T
( P,Q,R,.. P1,P2,0ON_AB,... )

n n n n nn n n

- D A V

(wffs) well-formed formulas

13

BAT_OK
1

language
inference

propositional calculus

LIFTABLE > MOVES

n nn

D N\

.(FOPC) calculus

.atoms

.connectives



—-R . QP
rules of

.P3 R P:

W o
N IO
(2 o ) o1V on
(2 ) o1 A
( ) &> o
(o ) —an
(PAQ) > —P
P>-P
PVPSP
(P>Q) > (-Q>—P)
P
.Literal -
consequent n antecedent
Po——
(PrQ)
(PAQ)>-R . R
.inference
(B« ) o Y
) o1 > @ o @2
.(modus ponens
) @2 o N
A) @1 A @ w2 A o

14



.(/\ )601/\602 o

(v ) @ o oV @
(= ) = (—en) o
o (deduction ) Proof {@1, @yeney 0}
A o A
( )
A theorem n A n
AF o A o
A
A={P,R,P>Q}
QAR

{P,P>Q QR,QAR}

A wif
P P>Q R
Q
QAR

semantics

( ) .II n
propositions

."The Battery is charged"" " 1BAT_OK

.interpretation

.denotation

P a .False True

AT A jaa Judls Lgie Al Sy 3 ¢Sl Al A jae Aludus pladiind ) o plaias Ll !

15



.False P True a

True Bat_Ok
F True T

) .False

(x1 )

[ (2} N [ - w1 DO
True True True True False True
True False False True False False
False True False True True True
False False False False True True
True R False Q False P
[(P>Q)>R]op
(P>Q) >R True P-Q
.False False P . True
model .True

P AP F : ( )

: .(True )
{P \4 Q, P \/—|Q, —Pv Q, —Pv —|Q}

16



True
P>P(-PVvP )
T
QvT
[(P>Q)>P]oP
P>(Q>P)
equivalent
-DeMorgan
— (o v @) =—w A —ax
(o A @) =—w v —an
.Contrapositive
(01 2 @) = (@2 > —an)
w2 W
(01 > @) A (@2 2 an)
(o1 2 ) A (2 D @) = ap
True
w A w w A True A
A |= a) |= A
{P}EP
{P,PoQ} kQ
F |=a)
PAQEP
( )
A 10 A

2 .
valid

17



—A

A w A
)A w
A (
P>oQ —-RoP
RoP
Q ‘QvRVvVSVW P
(
(
A

Resolution
by 2
)22 21 21U2s
.R\/Q —|P\/Q R\/P <
chaining
.RvQ
P -RvP R <
-PvQvW PvQvRvVvS <
)
) ( ) A <
A A F -\

18



- (P>oQvVv((R>oP):
- (-PvQ)v(-RVP)
(-P v Q P> Q)

(PA—-Q)v (—-RVvP)

—(P A Q) =(=P) v (-Q)
~(PvQ)=(—P) r (-Q)

(Pv-RVvP)A(—-QVv—-RVP)
(Pv—-R)A(-QVv—-R Vv P)

:( )

{(Pv—-R),(-Qv—-RvVvP)}

A wif

19
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—~MOVES (2)
BAT_OK A LIFTABLE > MOVES (3)

—BAT_OK v —LIFTABLE v MOVES (4)

—LIFTABLE

LIFTABLE (5)

LEFTABLE —BAT_OKV —LIFTABLE v/ MOVES

MOVES
—BAT_OK\V MOVES
BAT OK
—BAT_OK
Nil
( )
.Q P Fact

—BAT_OK v MOVES (5) (4)  (6)
—BAT_OK 6) (2 (7)
Nil (7) (1) (8)

:Refinement

.(Rule ) <
.PAQoR

20



wif
Goal

.C ON_B_C
ON B.C ON_AB

P124 (

ON_B C > —CLEAR C

c B )C

y X On (x,y)>—Clear (y)

.object constants

Aa, 13B, John, .

function constants

.PAQ>

predicates .3

.Q23

CLEAR_C
( c

.EiffelTower

distanceBetween(Damascus, Homs)

21
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) relation constants

Son(Radwan, : (
.Anas)
times (4, x):
() [ ] 3 vV o = A Vv
Block (A)
B Block (B)
A Block (C)
C Floor (F1)
Floor On (B,A), On (A,C)..
Clear (B)
A A
B B
Cc Cc
Floor F1
On = {<B,A>,<A,C>,<C,Floor>} On
Clear = {<B>} Clear
)
(
(Vx)P(x,f(x),B) :Universal Instantiation
X A X P(A,f(A),B)
(Vx)Q(A,g(A),x) -Existential Generalization
-(Ay)(vx)Q(y,g(y),x)

Arpall alal e 38835 Y QUi an g0 40 iy 1368 L gaia () Lags diine daa (S5l 1) (V) 0 (8) = (38) -0 (8)
el saie (S Lage Alline gt Ll (imy 12g8 alal (o ipeal) Giasi Jle sa sy d 13 —(32) @ (8) = (V) -0 (£)

Aapall AV 5 G (50 v (el eSall aaY) Jsatiall s Sa (VE) @ (€) = (Vn) @ (n)

22



—|7\.(T)

fly) x

R(f

Px,f(y),B]

Plz,f(w),B]

( ¢ ) ME)

T g @ © )
Resolvent

.—P(x,A)vR(x,C)vS(A,B) P(f(y),A)vQ(B,C)
.—P(f(y),A)vR(f(y),C)vS(A,B)

P(f(y),A)
.(y),C)vS(A,B)vQ(B,C)
.unification
substitution instance
P[x,f(A),B] P[g(z).f(A),B] P[C.f(A),B]

alphabetic variant
P[x,f(y),B]

ground instance

Tl&; s={t4/l&1, TolE2y ...y ThlEn}
T &
P[x,f(y),B] o)
P[z.f(w),B] P[x,f(A),B] P[g(z),f(A),B] P[C,f(A),B] uag gail) cldudiia
s1 ={z/x,wly} s2 ={Aly} s3 ={g(z)/x,Aly} | s4 ={C/x,Aly} Aadiinal) cliday gail)
s1 s2 .s1s2 s2 s1
s2 si .s1 s2
(ws1)s2=w(s1s2) W s1s2 w
.(s1s2)s3=s1(s2s3)
s2={Aly} s1={f(y)/x} P(x,y) w

23



w(s1s2)=[P(x,y){f(A)/x,Aly}=P(f(A),A) (ws1)s2=[P(f(y),y){Aly}=P(f(A),A)

.s1s2=s2s1

s2 s1 w
w(s1s2)=P(f(A),A)
w(s2s1)=[P(x,y){Aly.f(y)/x}=P(f(y) ,A)
{w} s
s unifiable {w} Aw}s
{w} unifier s W1S = WS = W3S =...
s={A/x,Bly} .singleton
s={A/x,Bly} .{P[A,f(B),B]} {P[x,f(y),B],P[x,f(B),B]}

{P[x.f(y),B],P[x,f(B),B]}

most ( ) {w} ¢ . A x( )
s’ {wi}s {w} s general unifier (mgu)
) {w)s={w}gs’
(
R )
UNIFY
—P(x,f(A,y)) . list-structured
—-P (—Px(f Ay))
(FAX)
.disagreement set UNIFY
) w
w w (
{(—=Px(f A y)), (=Px(f z B)} W

24



{A,z}

.Alz
UNIFY
-{P[A,f(B),B]} {P[A.f(y),B],P[x,f(B),B]}: s={A/x,Bly}

UNIFY (1) obal) (g e i) 8 e gana T Cun
1 ke O;IveToie¢ (g1 Lamsatl) ga o) Ay 5 gladl)
2 if I is singleton, exit with o, the mgu &5 g Laa ye ol a¥) (e Z5A0 dodlal 1 culs 1)

of I', otherwise continue LR P e‘._‘y\ 2 gall
3 D « the disagreement set of I', I A Gl pic ic sana D, &b
4 If there exits elements v, t; in Dy such axie v Gos P, e el At 5 v, O pale a9 1Y)

that v, is a variable that does not occur e oalaay) e s u | 5 il

in t, continue. Otherwise exit with OS5 SR Ol = s kS t,k i& N ‘;_J

failure; I is not unifiable sl Al e T
5 Okt « adtdVi}; T < Diftidvi} Thet = Deoiny o) BaaY
6 k<« k+1 k ) Taal g Cal
7 Goto2 2 5shall ) caadl

wif
(xvy x=y v )
( )
( )
-(VX)[-P(x)v(3y)Q(y)] (VX)[-P(x)v(3x)Q(x)]
(Vx) (vx)(3y) Height(xy) :  ( )

.Height(x,h(x))

) Prenex Form

25



27

V(x,y){package(x)Apackage(y)rinroom(x,27)Ainroom(y,28)}>smaller(x,y)

—1(A,27)
) Gt Bl i

I(A,27)V I(A,28)

—P(x)v = P(y)v —1(x,27)
Vv —l(y,28) v S(x,y)

P(A)

I(A,28)
v S(X,A)

P(B)
—P(x)V —1(x,27) v S(x,A)

I(B,27)
—1(B,27)V S(B,A)
S(E.A) —S(B,A)
Nil
aill Jall
(
Ans (u) (A
u u

26

.28
I(y,28)vS(x,y)
P = package, | = inroom, S = smaller :
I(B,27) 1(A,27)v I(A,28) P(A),P(B)
—-S(B,A)
27 A B A
B 27 B 28
A
27 A
)
)
(Fu) I(A,u) :



—I(A,u) v Ans(u) I(A,27)V I(A,28)

4] o gtlad) Bl A 27
Sl s —P(X)v —P(y)v —1(x,27)
1(A,28)v Ans(27) v —il(y,28) v S(x,y) 4
P(A) '
—P(X)v —P(A)V —I1(x,27)
v S(x,A)v Ans(27) oie
—PX)V —I(x,27) v S(x,A) v Ans(27) ®)
I(B,27)
—I(B,27)v S(B,A)V Ans(27)
S(B,A)v Ans(27) —S(BA) P(Ayy,z) P(x,B,B) .1
P(x,x) P(g(f(v)),g(u)) .2
Nil
P(z,x,z) P(y)y,B) .4
x=3+3 2+3=x .5
-P(f(y.f(y,A)),A) P(f(x,x),A)

.clause form
((Fx)[P(x)]v 3x)[QMX)D)=>EX)[P(x)vQ(x)] -1
(YX)[P(x)=(vY)[(VZ)[Q(x,Y)]=>—(V2)[R(y,x)]] -
(YX)[P(x)I=>(3x)[(v2)[Q(x,2)]v(VZ)[R(x,y,2)]]
(VX)IP(x)=>Q(x,y)I=(Gy)IP(Y)IA(F2)[Q(y,2)]) -

B w N

“Tony, Mike, and John belong to the Alpine Club. Every member of the Alpine
Club is either a skier or a mountain climber or both. No mountain climber likes
rain, and all skiers like snow. Mike dislikes whatever Tony likes and likes
whatever Tony dislikes. Tony likes rain and snow.”

.Alpine John Mike Tony"

.Tony Tony Mike
Tony

"Who is a member of the Alpine Club who is a mountain climber but not a skier?"

n n

27



:Oscar Clyde Sam

1. Sam is pink.

2. Clyde is gray and likes Oscar.

3. Oscar is either pink or gray (but not both) and likes Sam.

Sam 1
.Oscar Clyde .2
.Sam ( ) Oscar .3

(3Ix,y)[Gray(x)APink(y)ALikes(x,y)]

2004 ¢ "

Giarratano & Riley “Expert Systems: Principles and Programming”, 3d Edition,
1998

28



( )
C )
Prolog
Clips
( )
( )

Forward chainig

Backward Chaining

(@ P ) .Fact

.(Rule )
(PA@>R ).
wif
) .Goal
(PrQ>
elephant(x)>mammel(x) : X X

29



mammel(x)>animal(x) : X X
elephant(clide) : Clide
clide X
clide mammel(clide)
clide X
mammel(clide) : clide animal(clide)
.animal(clide)
elephant(x)>mammel(x) : X X
mammel(x)>animal(x) : X X
animal(clide) : clide
animal(clide)
mammel(clide)
.mammel(clide)
.elephant(clide)
animal(clide)
A8l dludd) dalay) ALl
ua,)';ﬁﬂ\ .L::\.L:sﬂ\ ‘eSA:d\ e\dﬁuY‘
aagll Ciliazal) 2 A8
Jauy) ) JelY e (e A i) e fasladl
Gl 8 ac i Bilis alayl| Gllanal) Lgae di A &5 sl
Yol Gae Yol Laaje | Guaall laa )l gd dudy

30
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Doug Lenat

CcYc



cYc
cYc .( ) Thing

“XisaP,all P’s are Q’s, All Q’s are R’s”
IIR Q Q

32



.frames

Snoopy
Laser_Printer(Snoopy)
(vx) [Laser_Priner(x) o Printer(x)]
(vx) [Priner(x) o Office_Machine(x)]
categories Office_Machine Printer Laser_Printer

Office_Machine(Snoopy) (Vx) [Laser_Priner(x) o Office_Machine(x)]

(vx)[Office_Machine(x) > [Energy_Source(x) = Wall_Outlet]]

(vx)[Laser_Printer(x) > [Energy_Source(x) = Wall_Outlet]]

.Semantic network

(isa isa links )

33



(1)

Office_machines _

Eﬂgrqy_.‘iﬁuﬂ:a‘
Wall_outlet :

Oraralale v

B ‘A
.(B )B : A

Office_Machine R2D2

34



Enargy_SOurce

_Office_machines

Wall_outlet

Snoopy Snoopy

Wall_outlet Office_Machines

Energy_source

Wall_outlet Office_machines

Printers

Laser_Printers nk_Jet_Printers

35



by default

R2D2 R2D2

R2D2

Office_machines Energy_source

Wall_outlet

36



.Battery Robots Energy_source

lists

L]

®
e Al |ddal gl | Al gl dad

®

Astérix :\A.Q-Aj\ k._IJlAA

Obélix | asall | Tan juS OAV (- - )

Idéfix | asall e

Panoramix | 4.Sall gy

.heuristics ( )

part-of is-a

AKO a-kind-of

37



Human(Marc) ~ is-a(Marc, Human)

Score(Wahda, Itihad (75 73)) ——— is-a(G23, game)
local_team(G23, Wahdah)

visitor_team(G23, Itihad)
score(G23, 75_73)

“Ahmad gave the book to Mona”

is_a(Action, give);
Tense(Action, past);
Subject(Action, Ahmad)
Obj1(Action, Mona)
Obj2(Action, book).

2007

3
Conceptual Dependencies .
( )
Schank
( ) Ahmad gave the book to Mona :
P 0 R —NMona
Ahmad<———_> ATRANS «———book «——]
<«— Ahmad
Primitives :ATRANS . ‘P
.receiver ‘R object -0
Arabic Natural Language Processing
(www.ictis07.org : ) ictis'07 April

38



Universal Networking Language (UNL)
15

steal take give : Abstract Transfer .ATRANS

go : Physical Transfer :PTRANS

push : :PROPEL

kick : :MOVE
throw : :GRASP

eat : {INGEST

cry : -EXPEL

say : :MTRANS

decide : :MBUILD
sing, : :SPEAK

listen :ATTEND

(... ) Actions ACT
(.. ) Picture Producers :PP

(.. ) Action Assistant :AA
(.. ) Picture Assistant :PA

39



P
PP {—> ACT John <> PTRANS U Sy
PP<=>PA John == bugial Sl Jsh dish (s
0 P, . 0O .
ACT «—— PP John ¢ gt 4—— iy a0 1480 e gt
PP 4y
[ ] il oy
PA bl
0 p §
{—> ui<==>PTRANS « b,
l loahan o )t ) e ge el
D D MRANS <2 iy «B R
LT
( ) <
.ATRANS
<
:( )
transition J&xl 5 Jsai it future Jsiuall :f past =l P

Continuous i (K finished transition 41« J =3 itf  start transition ) J =3 its

eternal &\ :D sl Delta sl il il 1?2
conditional = (¢ S8l

<

<

N

N

record

40



( slots' filling ) <

Frames 4

meta- )

21975 Marvin Minsky (knowledge

( ) "

"When one encounters a new situation (or makes a substantial change in one’s
view of a problem) one selects from memory a structure called a ‘frame’. This is
a remembered framework to be adapted to fit reality by changing details as
necessary."

Frame name

Printers
Subset of: Office machies

P Superset_of:{Laser_Printer,

Slots Ink_jet printers]
Energy source: Wall outlet
Creator: John_Jones .slots
Date: 16_aug 91 slot slot names
Slots names Slots fillers . fillers

default values

meta knowledge

41



Quantas Boarding Pass || Air New Zealand Boarding Pass
4< y4ll: Quantas ||4S 50 : Air New Zealand

siladll aut: Mr. Black Jiladl asl ;- Mr. White

i i Q101 [|aa i : NZ 101

gkll: 12 Dec gl 13 Dec

dagall:  24A dmsall o 25A

o« Melbourne &= : Melbourne

<. Sydney «l :  Christchurch
Bl i oS 5 4=l 0600 Byilall i gS ) 4=l 1 1800
idgr 4 Addga: 7

CLASS: Boarding Pass

Jaill as . [Str]

Blusll puwl: [Str] .Class-Frame
al>,ll:  [Str] Class of computers .
auldl:  [Str]

aeaoll:  [Str] ‘Instance-Frame ()
LMo . [Sl:r] My_computer .

Yk [Str]

8ullall LS, acluw: [Num]

algs: [Num]

.is-a

42



generic

) is-a, a-kind-of :Generalization

( . ) part-of, whole-part :Aggregation
) :Association
( X
( ) inherent

!ldemons methods
demon
IF-THEN

when-needed

when-changed
.goals
demons
.bottom-up
.top-down
(meta knowledge )

.Backward Chaining

“when needed

43



.demons methods

.(when changed

when-needed

Buy Smart

44

) demons

X

o » W
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(.. ) .
°
°
°
Property °
°
(... ) .
CLASS: FProperty
[Btr] Area:
[Str] Suburh:
[M] Price:
[8tr] Type:
[M] Bedrooms:
[M] Barhrooms:
[Str] Construction:
[Str] Phone:
[8tr] Pictfile:
[Str] Textfile:
[M] Instance Nuniber:
.Instances <
INSTANCE: Property 1 INSTANCE: Property 2
Class: Properiv Class: Property
[Str] Arew: B [Str] Area: sz
[Str] Suberh: E3 [Str] Suburh: On sl
[N] Price: 1640000 [N] Price: 1500000
[Str] Type: s [Str] Type: s
|MN] Bedrooms: 3 [N] Bedrooms:. 3
[N] Buathrooms: 1 [ ] Bathrooms: 1
[.‘:.llj Construction: S el [ tr] Construction: ]
[Ste] Phone: (03)6226 4212 [Str] Phone: (03) 6226 1416
[Str] Pictfile: house0d binp [Str] Pictfile: homse 02 Banp
[Str] Textfile: house0d it [Str] Fextfile: honse02. ot
[N] Instance Nomder: 1 [N] Instarice Number: 2
.Display <



_ R el L

Buying any proparty — especially your first — i5 very exciting, but
it I3 oftan a e nerve-racking as wall R iz Important you take
tha time to do your heme work properdy. This expart system will
assists you in choosing a home fo meet your parbcular
requiraments.

== =1

When needed & When .demons

methods

.when needed & when changed

.pattern matching

demons

.context

scenario

by-default

(Schank, 1977 )

-Script

46

.changed

<

script

slots



Script: RESTAURANT
Track: Coffee Shop
Props: Tables

Menu

F = Food

Check

Money

Roles: S= Customer
W = Waiter
C=Cook
M = Cashier
0= Owner

Scene 1: Entering

S PTRANS S into restaurant
S ATTEND evyes to tables

S MBUILD where to sit

S PTRANS S to table

S MOVE S to sitting position

Entry conditions: S is hungry.
$ has money.

Results: S has less money
0 has more money
S is not hungry

Sis pleased (optional)

Scene 2: Ordering

{Menu on table)
S PTRANS menu to S

(W brings menu) (S asks for menuj)
S MTRANS signal to W

W PTRANS W to table

S MTRANS "need menu™ to W

W PTRANS W to menu

W PTRANS W to table

W ATRANS menu to S

S MTRANS food list to CP(S)
“S MBUILD choice of F

S MTRANS signal to W

W PTRANS W to table
SMTRAMNS "l want F""to W

W PTRANS Wto C
W MTRANS (ATRANS) to C

C MTRANS "no F" to W
WPTRAMNS Wto S
WMTRANS "no F"to S

{go back to ") or

(go to Scene 4 at no pay path)

C DO (prepare F script)
to Scene 3

Scene 3: Eating

C ATRANSF to W
W ATRANS Fto S
S INGEST F

{Option: Return to Scene 2 to order more;
Otherwise, go to Scene 4)

Scene 4: Existing
S MTRANS to W

(W ATRAMS checkto S
W MOVE (write check)
WPTRANS Wto S
W ATRANS checkto S
S ATRANS tip to W
SPTRANS Sto M
5 ATRANS money to M
(Mo pay path} SPTRANS S to out of restaurant
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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-crange-counter THEM Fast-Food,
IF stack-of4trays THEM Cafeteria,
IF wait-for-waitress-sign or reservations-made THEW Wait-To-Be-Seated,
OTHERWISE Seat-Yourself.
Location:
range: an ADDRESS
if-needed: (Look at the MEML)

Mame:
if-needed: (Look at the MEML)
Food-Style:
range; (Burgers, Chinese, American, Seafood, French)

default: American

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

range; a Time-ot-Day

default:  open evenings except Mondays
Payment-Form:

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

default:  Eat-at-Restaurant Script
Alternatives:

randge: all restaurants with same Foodstyle

if-needed; (Find all Restaurants with the same Foodshyle) clers

( )

EAT-AT-RESTAURANT Script
Props: (Restaurant, Money, Food, Menu, Tables, Chairs)
Roles: {(Hungry-Persons, Wait-Persons, Chef-Persons)
Point-of-View: Hungry-Persons
Time-of-Occurrence: (Times-of-Operation of Kestaurant)
Place-of-Occurrence; (Location of Restaurant)
Event-Sequence:

first: Enter-Restaurant Script

then: if (Wait-To-Be-Seated-Sign or Reservations)

then Get-Maitre-d's-Attention Script

then: Please-Be-Seated Script

then: Order-Food-Script

then: Eat-Food-Script unless {Long-\Wait) when Exit-Restaurant-Angry Script

then if (Food-Quality was better than Palatable)

then Compliments-To-The-Chef Script
then: Pay-For-It-Script
finally: Leave-Restaurant Script

48



1

ATRANS, PTRANS, MTRANS, DIGEST, MOVE, GRASP, EXPEL, ATTEND, SPEAK
.2

script
[ J
[ J

49



: A1
ATRANS, PTRANS, MTRANS, INGEST, MOVE, GRASP, EXPEL, ATTEND, SPEAK

script .2
( )
[ J
[ J
( ) .
( ) .
instance
T
2007 — 2006
www.ictis07.org ANLP

What is a Knowledge Representation

50



C B A -
B A
C C
y
move(X, y)
[A]l [B] [C]
[A] [B] [C]
((A)B)(C))
move(A,C) move(C,A)

move(A,AB)/ move(C,B)
/ move(B,A) move(B,C) \ \

¥ X
e nf Be nf Hn nf

((AB)(C)) ((B)(AC)) ((BA)(C)) ((BC)(A)) (CA)YB)  ((A)CB))

51



| N

(BCA)
L
oy

gl Bg o
A bt
@ “{'i"“‘:{u:{ncn :{':mvzm‘r,‘?»'—’?:Sa @
}'.\. "\_f"'\x
(icAB) ag,f % .:,‘:'5 \% {nca)
.%_,& &/ kY &/

o
\:‘g' f”f
Eﬁf’rw_e;& ) S move(C,Floon) o1
o m Floor . move(C,Floor) ¥_ .
f-‘ AIANEHC
(1ABIC) _?‘? %, (ayee)
JI_.-' ,

[ (IR Lekohot bt SR —
lBAc) | | kA
@ | @
el =
5| g
T E| E
I:] ' |g
Al 3 4
([CBA)) ((ABE))
.( ) nodes Graph
arcs
."directed graph "
) successor n; n n;
n; parent () n n;
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((A)(B)(C)) -
((ABC))
{move(B,C),move(A,B)}

_ﬂm_‘p&" ’

~ Jdmucy  jearm), @
. ,l:l‘

% f %5- Mf}mcnn

Cc

{move(A,Floor),move(B,A),move(C,B)}
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Caisglh e il sial) 4 e
(bl Zial)

."expansion

Jd < i

.root

depth
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J pamell il
(4 528l )

(352l )l 2'—"4 (1558l o)

N

(435l o)
{1 Ejﬂﬂ_-i]."'n:l
2 521l

.uninformed

heuriskein

{3 3wl \-_—'“
25l oyl

A B . E
b} . Mgl
: st 3

AT
| -

AWAY

1

Adginale et TS
(&g s :l

.heuristic (
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)

heuristic( )

'l ") Eureka!

Uninformed

:Open

.Close

A

A

<



.Successor function

expanding

FIFO

(1 )
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http://www.mazeworks.com/hanoi
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depth bound

LIFO Open

n-1

n-1



M1 or M2

M1: OP11 and OP12 and OP13
M2: OP21 and OP22 and OP23
M3: OP31 and OP32 and OP33

(and

and-or

.and-or

and-or

.and-or

and-or

) or

and

and-or

or
) and or

and

.(fathers)

( )

60
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f( ) 1
(n) n 2
( )
.3
f(n) = ( )
f(n) =g(n) +h(n)
(n ) n" " g(n)
.n h(n)

h(n) = ( )

g(n)= n
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2183
U+4;E;
G T e
218(3 2183 2(8(3
145 [J5s] 1+3 [7l6ls] 1+5 [zl
= e =
" 2|18|13 2| |3 2|83
| 2+3 [lels| J2+3 [7lels] 2+4 [7ls]s
r‘_’fir 1_‘\+
a[3 2[8[3 2[3 2[3
3+3(-l6ls| 3+4 [gls] 3+2 (7lels] 3+4 7Tlels
Y
1123
4+1 [7lel5
-
540 78] 5+2 [ots
graphsearch
No -No Tr 1
.OPEN
CLOSED 2
OPEN .3
.CLOSED OPEN OPEN 4
n .5
(6 ).ng n Tr
Tr n M . M n .6
.OPEN M M n
OPEN 7
.3 8
) OPEN _ _
_ (FIFO
) .(LIFO ) OPEN
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OPEN

A*
.f=h+g _
No f n f
.n
n
( )n  no g(n)
n “h(n)
h(n)  g(n)
g -g f
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.Q
PoQ
( )
jOint Vi, Vo, .o, Vi
p(Vi=vy, V1, V2, weey Vi
Vi, joint probability function
Head (H)
p(H, T, T, H, T)=1/32
IIH n
."T n
0= p(vh V2!---! vk) <1 (a)
Z p(vh VZs---! Vk) = 1 (b)
p(H)=1/2
(b)
(

64

PvQ
P how certain
P Q
|
Vi, Vo, ..., Vi probablllty
.V2=V2, veny Vk=Vk)
p(V'IsVZ! ---,Vk)
Vo,..., Vi
)
.p(H)=1/2 (Tail (T)
pH,T,T,H, T)
IIH n IIT n IIT n
.(a)
p(T)=1/2
)



.False True

.False True

()

LIFTABLE MOVES BAT_OK

( )
GAUGE
.G L M B
.False True
.True False M
16
p(B=b, M=m, L=I, G=g)
.False True g | m b

Joint probability
B M L G sz guiay)
(True,True,True, True) [0.5685
(True,True,True, False)0.0299
(True,True,False,True) [0.0135
(True,True,False,False)0.0007
(T

(

marginal probability
p(B=b)
.B=b
p(B=Db)= ;p(B,M,L,G)

p(B=True)=0.95
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.True B

p(B=b, M=m)
:M=m B=b
p(B=b,M=m)= p(B,M,L,G)
p(B=b,M=m)= B_;_ p(B,M,L) p(B=b)= BZbP(B,M)
(False  True )
.p(B,—M) p(B=True, M=False)
( )
( )
Probabilistic Inference
Vi ) p(VIIV) Vi Vi

(v

p(VilV) = p(Vi,V)) p(V))

Vi p(v) VvV, Vi p(Vi,V)

p(Vi,V)) = p(VilV) p(V))

p(B = True | M=False ) =p(B =True, M= False) / p(M=False)

p(M=False) p(B =True, M= False)
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.frequency
p(M=False)

( )

p(B) = p(B,M) + p(B,—M)

p(—=G,B—M,L) = p(—G,B,—M,L) / p(—=M,L) ( )
: . chain
pP(B,L,G,M) = p(BIL,G,M) p(L|G,M) p(G|M) p(M)
)
(

p(Vi,V) = p(VilV) p(V)) = p(ViIV)) p(Vi) = p(V;,Vi)
or

p(ViIV)) = p(V; [V) p(V) I p(V)

.Bayes' Rule

Reverend Thomas Bayes [Bayes 1763]

2
P(A/B) = P(B/A) - P(A) / P(B)
A P(A)
.B P(B)

P(B/A) P(A/B)
B A

-B B A
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P(A)= P(A/B) - P(B)+ P(A/-B) - P(—B)

. . -A A B
P(B)= P(B/A) - P(A)+ P(B/-A) - P(—A)

, P(A/B)
P(A/B) = P(B/A) - P(A)/ P(B) = P(B/A) - P(A) / [P(B/A) - P(A)+ P(B/—A) - P(—A)]

(1)
P(A)=0.7
P(B)=0.8

P(B/A)=0.9

P(A/B)?

P(A/B)=0.9 - 0.7/0.8 : P(A/B) = P(BIA) - P(A) / P(B)
(2)
P(A)
P(B)=0.3
P(A/B)=0.8

P(A/I—B)=0.4

P(A)?

. -B B A
P(A)= P(A/B) - P(B)+ P(A/-B) - P(—B)

.P E H

-Prior Prob.

.P(Event)
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P(Event/ -Posterior Prob.

.Evidence)
B ( ) H;
.P(H/E)) P(Ej/H)) P(H)
p(E [ H).p(H)
H|E) =
PR IE) = € TH).p(H) + p(E | ~H).p(-H)
p(H), p(-H)
( ) . p(H|E) p(E | H), p(E | “H)
E; j=1,...n n H, i=1,...m m
_ P(Ey-Eq [ H)-p(H)
p(HI |E1s---1En) p(E1,---,En)
P(E; | H))-P(E; | H)-...p(E, | H).p(H,)
H |E,,....E,) =
PRI BureBe) = S o, TH))-P(E, [H))-B(E, [H,)-p(H)
‘H4
‘H,
‘H;
Hypothesis
i=1 i=2 i=3
P(H) 70 10 .20 ‘E
P(E4|H)) 80 .50 .10 -
P(E;|H) 30 .50 .70 ) 3 ‘E,
P(E3|H;) 70 .30 .05
:E;
P(H4/E,)

P(H./E4)=P(E4/H4).P(H.)/ PP
PP = P(E«/H,). P(H,) + P(E1/H). P(H.) + P(E+/Hs). P(H5)

PP=.7*.8+.1*.5+.2*.1=.63
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3 P(H4/E;) P(H./E,)=.56/.63=.889

P(H4/E;)=P(E,/Hs).P(Hs)/ PP,
PP, = P(E>/H,). P(H,) + P(E./H,). P(H,) + P(E2/H3). P(H;)

PP=.7*.3+.1*.5+.2*.7=.4

P(H4/E+.E3) P(H4/E,)=.14/.40=.35

P(H+/E;.E;)=P(E/H,).P(Es/H/).P(H/)/ PP,
PP, = P(E//H,). P(Es/H,).P(H;) + P(E+/H,).P(Es/H,). P(H,) + P(E1/Hs). P(Es/Hs). P(Hs)

PP,=.392+.015+.001
P(H+/E+.E3)=.392/PP2=.961

.PROSPCTOR MYCIN
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Ray Simpson (1944)

Milton Hakel (1968)

Term Mean Term Mean
value value
Always 99 Always 100
Very often 88 Very often 87
Usually 85 Usually 79
Often 78 Often 74
Generally 78 Generally 74
Frequently 73 Frequently 72
Rather often 65 Rather often 72
About as oftenas not 50 About as often as not 50
Now and then 20 Now and then 34
Sometimes 20 Sometimes 29
Occasionally 20 Occasionally 28
Once in a while 15 Once in a while 22
Not often 13 Not often 16
Usually not 10 Usually not 16
Seldom 10 Seldom 9
Hardly ever 7 Hardly ever 8
Very seldom 6 Very seldom 7
Rarely 5 Rarely 5
Almost never 3 Almost never 2
Never 0 Never 0
( )
(
(..
A gall) astya f{é )
Y asi -1
Y asi Gy 8 -0.8
Y Jaisall (e -0.6
Yl -0.4
Cogyra e -0.21t00.2
e Ly +0.4
s Jainall (50 +0.6
axi Al Gy i +0.8
axd A +1

71

(IF part)
.(THEN part)

Certainty Factors

Mycin



AND

CF(A and B) = min (CF(A), CF(B))

OR

CF(A or B) = max (CF(A), CF(B))

CF(A) =-CF(A)
CF(A)=0.3 CF{B)=0.5 CF(C)=04 CF(D)=-0.7
CF(A and B or C and not(D)) = max(min(0.3,0.5),min(0.4,0.7))=max(0.3,0.4)=0.4

0.5 0.6
.0.6x0.5=0.3 :

Q, P2=0Q1 Pl1=Q1:
cf, Q,

cf,+cf,x(1-cf) ifcf, >0 and cf,>0
cf, +cf,

1-min[| cf, |,| cf; []

cf,+cf,x(1+cf) ifcf, <0 and cf,<0

cf(cf,,cf,) = ifcf, <0 or cf,<0

72

Cf1

Q



RN

A4y Ay

v

o ol

160 165 170 175 180 1& 190 195
cm Jb Jskll

X X crisp set

xegeX xeX

Ma(x) X — [0,1]

Ma(X) =1if x is totally in A;
MA(X)=0if xis not in A

0 <p,(x)<1if xis partly in A

170 160 cm 160 cm
0 1 cm
180 cm 190 cm
A 0 190 cm
175 cm
.185 cm 165 cm

C )

.Negnevisky
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Michael artificial Intelligence: a guide to intelligent systems

.2002 Addison Wisley Negnevisky
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.meta rules
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a(

classes

labels

f(X)

X

.Deductive (

76

Inductive

[1]

)

neural networks

[1]

[1]
X

.training set

—
=
—

n

.supervised



f

accuracy

) supervised
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The biological neuron

I " f
o
o O
kY A Soma
The model of a neuron
Input Signals Weight Output Signals

LN
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Inputs
Linear

Combiner

OK
COLLAT
PYMT
REP
APP
RATING
INC

BAL

oAl e 48 pall g
Axiie AdLaY) (a jal Aileia

sl Glada dla e jald (aeadl) Jldl lla
3 Ale Gaans Jpenll

S )3 (il @lie e ST Alesall (i
dalaiia 4y 90 Ciladd Jreall

A4 has et dreall Jao

3 Ylae 43 ) ga 3 it Jaenll

Hard
Limiter

Output
——-i

i

Threshold

.Explanation-Based Generalization (EBG)

79



COLLAT A PYMT A REP 5 OK
APP 5 COLLAT

RATING o> REP

INC o PYMT

BAL A REP o> OK

OK
AND/OR
OK ( )

OK
.REP PYMT COLLAT each
OK
OR

True OK

False

80

OK
.AND/OR

both

OK
)
)
REP BAL
OR
AND/OR

positive instances

.negative instances



i AO2A...0, D 0K

.specific

"greedy

3

APP RATING INC BAL

.{APP, RATING, INC, BAL} Qi

OK

-
o
-

O©CO~NOADWN=
P N = = I Y =]
OO0 00 =_=0O

OO0 = =0-_=2200

0}

C
FO—\—\—\—\—\O—‘O

L
k.

(False 40 s True 11 axiiui)

True ( )

cover

.more general

."Separate and Conquer

ToOK .

{APP, RATING, INC, BAL}

r,=n",/n,
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F'app =3/6=0.5
IRATING = 4/6 = 0.667
Nnc =3/6=0.5
I'saL =3/4=0.75

).

BAL 5 OK .

lo

d...uﬂ\ APP RATING INC BAL|OK
1 1 0 o 1 0
2 0 0 1 0|0
3 1 1 0 1 1
4 0 1 1 1 1
5 0 1 1 0|0
6 1 1 1 0|1
7 1 1 1 1 1
8 1 0 1 0|0
9 1 1 0 0O
o paal) Ql,,\b.a

(False 10 s True {1 asiiui)

T

.BAL

: .BAL
Fapp = 2/3 =0.667 FRATING = 3/3=1.0 Inc = 2/2=1.0

RATING .INC RATING

Fapp

(

BAL A RATNG o5 OK

T > OK

=1/4=0.25

FRATING = 1/3=0.33

Finc
IeaL

82

=1/4=0.25
=0/1=0.0

lo

INC



.RATING 5 OK

APP A RATING > OK
( )

IRATING = 1/2=0.5
rnc =1/2=0.5
I'saL =0/0

BAL A RATNG o OK

Jaaxll| APP RATING INC BAL

OK

1 1

OO N -
- - 00
SO =00
O =m = O
OO0 O0o0o

d Jua'.&.d\ d\w\
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.Generic Separate-and-Conquer Algorithm (GSCA)

.(Zcur

-:GSCA

(n
.Zcur « Zcur - (n

—_
—
—
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pseudocode
Ecur « =
T« ¢
.repeat

T 4
p«—I>y .5
.repeat .6
choose(a) o 7
'<TAa .8
p until .9
p ) p m«n .10
Ecur ) .11

) x

until 12
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(CBA)

A*

h(n) < min [h(n)+c(n,n) ]

n;

. h
h(n) < [ h(n)+c(n,n)) ]

c(nh nJ')

(BCA)
h(n)
-ﬁ(ng)
(!
N,
0
n
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a= argmin[ﬁ(o(n,a)) +c¢(n ,c(n,a))]

.a n o(n, a)

=]

n h(n)

W(n) =
P(n) ="

h(n) = w,W(n) + w,P(n) +...

S(n) n, . h
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h(n) < h(n)+B( min [h(n,n)+c(n,n)]-h(n))

n;

h(n)) < (1-B)h(n) +B min [h(n;) +c(n;,n;) |

h(n) 0<pBs1
B=1 B=20 'minnjeS(ni)[ﬁ(nj).i.c(ni!nj):l
B 'minnjeS(ni)[ﬁ(nj).i.c(ni!nj):l h(n)
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)
h (
4
)
(
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( ) ( )
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255 0
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)
(
LISP
5 3 + list +(3 5)
LISP S-expression (- (* AB) C) -(*A AB-C
B) C)

Two offspring S-expressions

"bbja)))  (+(-("ab)o)(sqrt(/ab)))
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Mutation in generic programming

(/(-(sart(+(*aa)(-ab)))a)("ab))

(+(-(sart(-("bb)a))b)(sqrt(/ab)))
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