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learning reasoning perception

acting communicating



p () ;

(Haugeland 1985)

https:/jt. me/kotokhatab,, ,,;,

(Barr & Feigenbaum (Jackson chapter 2))
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false true °
."fuzzy logic "
— Switches °
Turing Turing
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(C) Interrogator
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user

inference working
engine memory
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) Ontologies
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(...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 nmn n n

- D AN V

(wffs) well-formed formulas
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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 an
(2 o ) o1 A o
( ) &> o
(o ) —an
(PAQ) > —P
P>-P
PVPSP
(P>Q) > (-Q>—P)
P
.Literal -
consequent an antecedent
Po——
(PrQ)
(PAQ)>-R . R
.inference
(B« ) o Y
) o1 > @ o @2
.(modus ponens
) @2 o N
A) @1 A @ w2 A o
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.(/\ )601/\602 o

(v ) @ o oV @
(= ) = (—en) o
o, (deduction ) Proof {@1, @2yeney 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 aae Judls Lgie Al Sy 3 ¢Sl Al A jae Aludus plasiind ) cp plaias Ll !
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.False P True a

True Bat_Ok
F True T

) .False

(x1 )

N (2} N [ L] - 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 0
)
A (
P>oQ —-RoP
RoP
Q ‘QvRVvSVW P
(
(
A

)% 3

.RvQ —-PvQ RvVP

chaining
.RvQ

P -RvP R

-PvQvW PvQvRVvS

)+ ( ) 2

—A A F

18

21U2s

—A



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

(PA—-Q)v (—-RVvP)

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

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

( )

{(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_OK\ —LIFTABLE v/ MOVES

MOVES
—BAT_OKV 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 ) <
.PAQ>R

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 2n g0 4l iy 1368 L gaila () Lags diine daa (S5l 1) (V) 0 (8) = (38) -0 (8)
el paie (S Lage Qe it gl (imy 12g8 alal (o ipeal) Gias Jle sa sy d 13 —(32) @ (8) = (V) -0 (8)

Aapall AV 5 o (50 v (el eSall aalY) Jsaiall jais e (VE) @ (€) = (Vn) @ (n)

22



—|7\.(T)

fly) x

R(f

Px,f(y),B]

Plz,f(w),B]

( ¢ ) ME)

T & (¢ © )
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} Aadiinial) 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 A'y))
(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 Asga i) 8 e gana T Cun
1 ke O;IveT o0 ¢ (g1 L satl) ga g) ALY 5 gladl)
2 if I is singleton, exit with o, the mgu &5 g Laa ye ol ¥ (e Z5A0 doslal 1 culS 1)

of I', otherwise continue &Y ) e‘._‘y\ 2 gall
3 D <« the disagreement set of ', Ty A G35l pae de gana Dy (A g
4 If there exits elements v, tc in Dy such axie v, dos P, e el At 5 v, O pale a9 1Y)

that v, is a variable that does not occur © e oaleay) e s u | 5 § oL

in t, continue. Otherwise exit with OS5 (FERY Ol = s kS t,k i\ﬁ N y

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

wff
(~xvy x>y v )
( )
( )
-(VX)[=P(x)v(3y)Q(y)] (YX)[=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) 1(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
(Pr@>
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)
ALatal) dludd) dalay) ALl
ua,)';ﬁﬂ\ .L::\.L:sﬂ\ ‘eSA:d\ e\dﬁuY‘
aagll Ciliazal) 2 A8
Jay) ) JelY e (e A il e fasladl
Gl 8 ac i Bilia alayl| Glanall Lgaedi A &AL sl
NF RIS Yol Laaje | Gunall laa )l gd dpdy

30
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Doug Lenat

cYc



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)

Wall_outief >+ Office_machines >

Ordralfabetix

.(B )B : A

Office_Machine R2D2

34



nerg _source _
Wall outlef e Office_machines

Snoopy Snoopy

Wall_outlet Office_Machines

Energy_®o0 Irce

Wall_outlet Office_machines

Printers

Laser_Printers nk_Jet_Printers

— Jgdl  hyganll — A jall Cle paadl

35



by default

R2D2 R2D2

R2D2

Office_machines Energy_source

Wall_outlet

36



.Battery Robots Energy_source

lists

L]

®
e Al |ddal gl | Al o) dad

®

Astérix :\A.Q-Aj\ k._IJlAA

Obélix | asall | Tax juS OAV (- - )

Idéfix | asall ia

Panoramix | 4Sall 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 = bugiall a8l Jsh dish o
0 Po 8 4 : .
ACT «+——PP John () ghs «—— L Tl g s
PP dy
[ l ikl Ay
PA ikl
0 D f—r i
> W<{==>PTRANS b, |
I ok oy el M Fage el
. 0 O GG
{—> W< MTRANS (cida L
( ) <
.ATRANS
<
:( )
transition JWl 5 Jeaict future Jiivall :f past =Wl P

Continuous <is K finished transition 41« J =3 itf  start transition ) J =3 its

eternal &\ :D sl Delta sl il il 1?2
conditional = ic 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."

Frinters
Subset of: Office machies

/ Superset of:{Laser_ Printer,

Slots Ink_jet_printers)
Energy source: Wall outlet
Creator: John_Jones .slots
Date: 16 aug 91 slot slot names
5lots names Slots fillers fillers

default values

meta knowledge

41



Quantas Boarding Pass || Air New Zealand Boarding Pass
4 ,5lf; Quantas |45 50 : Air New Zealand

bl aut: Mr. Black || Alaall ot ;. Mr. White

ala - Q101 ala i -+ NZ 101

gokll: 12 Dec gl ;13 Dec

dagallz  F4A dmsall o 2H5A

o« Melbourne g« : Melbourne

L Sydney ol i Christchurch
B jilalil g8 yde Lt 0600 Byithall g8 y 4l ¢ 1800
idgr 4 [[4g 0 7

CLASS: Boarding Pass

Jail as ,a: [Str]

Bl puwl: [Str] -Class-Frame

al>,Jl: [Str] Class of computers .

auldl:  [Str] et i ()
aoll:  [Str] ‘Instance-Frame

oo:  [Str] My_computer .

ot [Str]

8ullall LS, acluw: [Num]

dulgs: [Num]

.is-a
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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
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.demons methods

.(when changed

when-needed

Buy Smart
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(.. ) .
°
°
°
Property °
°
(... ) .
CLASS: FProperty
[Bir] Area:
[Str] Suburb:
[N] Price:
[5tr] Type:
[M] Bedreoms:
[M] Barhrooms:
[Str] Construction:
[Str] Phone:
[Str] Pictfile:
[Str] Textfile:
[M] Instance Numiber:
.Instances <
INSTANCE: Property 1 INSTANCE: Property 2
Class: Properiy Class: FProperty
[5tr] Arew: B [Str] Area: daz
[ Str] Suberh: P [Str] Subark: Jn sl
[N] Price: 1640000 [N] Price: 1500000
[Stc] Type: A [Ste] Tipe: s
[N Bedrooms: 3 [N] Bedrooms: 3
|N] Bathreoms: 1 [ "| Bathrooms: 1
[Str] Construction: i el [Stl] Construction: putd
[Ste] Phone: (03)6226 4212 [Str] Phone: (03) 6226 1416
[Str] Pictfile: housed b [Str] Pictfile: homse 2 g
[Str] Textfile: housedd [Str] Textfile: fomsett2 et
[N] Tresterrce Number: 1 [N] Instance Number: 2

.Display
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Buying any proparty — especially your first — s very cxciting, but
It |3 often a e nerve-racking as wall R i Impartant you take
tha bime to do your home work propedy. This expert system will
asslbs you In choosing a home o mest your parbcidar
requiraments.

E= (o=

When needed & When .demons

methods

.when needed & when changed

.pattern matching

demons

.context

scenario

by-default

(Schank, 1977 )

-Script
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o M C w S °
S S °
( ) S S o S o
Script: RESTAURANT Scene 1: Entering
Track: Coffee Shop
Props: Tables S PTRANS S into restaurant
Menu S ATTEND evyes to tables
F = Food 8 MBUILD where to sit
Check S PTRANS S to table
Money S MOVE S to sitting position

Roles: S= Customer Scane.2: Crdeting

g:&zr;er {Menu on table) {W brings menu) (S asks for menuj)
M = Cashier S PTRANS menuto S S MTRANS signal to W
5= OWner W PTRANS W to table
S MTRANS "need menu” to W
W PTRANS W to menu
w PTRAW
W ATRAMNS menuto S
SMTRANS food list to CP(S)
'S MBUILD choice of F
S MTRANS signal to W
W PTRANS W to table
SMTRANS "I want F'"to W
W PTRAMNS Wto C
WMTRANS (ATRANS) to C
Entry conditions: S is hungry. C MTRAMS "no F" to W C DO (prepare F script)
S has money. |W PTRANS Wto S to Scene 3
W MTRANS "no F"to S
Results: § has less money (9o back to °) or
0 has more money (go to Scene 4 at no pay path)

S is not hungry

Sis pleased (optional) |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 check to S
S ATRANS tip to W
SPTRANS Sto M
5 ATRANS money to M
{No pay path} SPTRANS S to out of restaurant
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Generic RESTAURANT Frame

Specialization-of: Busihess-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 THEMN Wait-To-Be-Seated.
OTHERWISE Seat-Yourself.
Location:
range: an ADDRESS
if-needed: (Look at the MEML)

Mame:
if-neaded: (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:
range: all restaurants with same Foodstyle
if-needed; (Find all Restaurants with the same Foodstyle) Riogers 1005
( )
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 Restaurant)
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
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1

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

script
[ J
[ J
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: 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
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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))
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N )

{[BCA))

-, %%% _E_E]_@@‘@ ‘l.,ll
L%

E{EM[B]!
((cAB) c‘sv" qé% 4:? ‘ﬁ% ((ACB))
o \\ D e
ey, & \‘i P4 % o

s
E 1{ move[A.Floor) «Fg._ move(C,Floor} ' &

(1AB{CH fé’;f \\{m o e
/

)
E [l I- _move(BC) \5} [A] E

(BAC) R
a )
=0 =
| g
E| E
_Hy A
L] a
([CBAJ) (IABC))
( ) 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)}

J_ i

WEH ?@@EE‘]:
@ Hd I BYjACH «ﬁi‘@
\.
1t‘54:l‘¥..ﬂx ﬁf ?;’%& f?g Qx}% &&‘M{TH
~3 7 i 7 ;\uﬁ _,-*’..
% ¥ By P

HCJ'IHF]}:

Cc

{move(A,Floor),move(B,A),move(C,B)}
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¢ x“ 2/) z/_\;gf 4
— _!} \'\._ ==

3—3)

[ L

’-ﬁ.! !_.é_l.__'n;i_il

sl e Gl sial) D gie
(Jabill Ziall)

s
o

3

n o(n)

."expansion

Jd < j i

.root

depth
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3 samell Caly
{4325"‘"'1‘711]‘

(353inll (2 )—5—>(4) HE:-L.H._}J}
EEM ol

NS

{4:&_“:_15 |_'.'H'I| ],
(1 820l ala)
23.11!1']@1

.uninformed

heuriskein

A A

A\

1

"Lll.d_| -‘I_I.I:- e o
(& J1;.

.heuristic (
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heuristic( )

||! ||) Eu reka!

Uninformed

:Open

:Close
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