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AGENT-BASE-PROGRAM
Function SKELETON-AGENT
( Percept ) returns action
Static:
Memory, the agent memory of the world
Memory «— update - memory ( memory, percept )
Action « choose - best —action ( memory )
Memory <« update - memory ( memory, percept )

Return action
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Table-driven '
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Table - Driven - Agent
Function TABLE - DRIVEN - AGENT ( percept ) return action
Static :
Percepts, a sequence, initially empty
Table, a table, indexed by percept sequences, initially fully specified
Append percept to the end of percepts
Action « lookup ( percepts,table )

Return action
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Percept sequence Action
[A, Clean] Right

[A, Dirty] Suck

[B, Clean] Left

[B, Dirty] Suck
[A,Clean], [A, Clean] Right
[A,Clean], [A, Dirty] Suck
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Function SIMPLE - REFLEX - AGENT ( percept ) returns action
Static: Rules a set of condition - action - rules

State «<— INTERPRET - INPUT ( percept )

Rule «<— RULE - MATCH ( state,rules)

Action «— RULE - ACTION [rule]

return action

Condition-action Rule !
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Function REFELEX-VACUUM-AGENT ( [location,state] )
Return an action

If status == Dirty then return Suck

Else if location == A then return Right

Else if location == B then return Left
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Function REFELEX_AGENT_WITH_SATAE
( percept ) returns action

Static:
state, a description of the current world state
rules, a set of condition_action rules

State «— UPDATE-STATE ( state,percept )

Rule «+— RULE-MATCH ( state,rules)

action <« RULE-ACTION [rule]

State «— UPDATE-STATE ( state,action )

Return action
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function Best-First-Search(problem, Eval-FN)
returns solution sequence

nodes := Make-Queue(Make-Node(Initial-State(problern))

loop do
if nodes is empty then return failure

node -= Remove-Front(nodes)
if Goal-Test[problem] applied to State(node) succeeds
then return node

new-nodes := Expand(node, Operarors/problem],
Eval-FN)))
nodes := Insert-by-Cost(new-nodes,Eval-FIN(new-node))
end

Best-First Search
Evaluation Function >
heuristic >
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function HILL-CLIMBING( problem) returns a state that is a local maximum
inputs: problem, a problem
local variables: current, a node
netghbor, a node
current +— MAKE-NODE(INITIAL-STATE[problem])
loop do
neighbor < a highest-valued successor of current

if VALUE[neighbor] < VALUE[current] then return STATE[currend]
current + neighbor
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function TT-ENTAILS?(XB. u) returns frue or false
symbols € a list of the proposition symbols in KB and o
return TT-CHECK-ALL(XB. a. symbols. [])

function TT-CHECK-ALL(XB, v. symbols. model) returns true or false
if EMPTY ?( symbols) then
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else return frue
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aoxt P onsS (ghio ol 4 dea S P g adl glate by 4 il oS0l S SMer degee G 5116
151 lasdg 51wl G( Entailment ) e
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( Forward Chaining ) 4, w (slopss; b JYal 19
ol JolS" (Definite Clause) yuxe closs g -0 ol JolS o ]
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Sy (oo cals LCSP p» clasls Bl g,y 4

90—89 Jol p 5

(Resolution ) Juss .o wyd Jge il
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Sl o 5 Gllanl pe Jole plas > j5il>.23
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il oads asle dlale b S 9505 led Lo

Do sl sl Jlgy S lawgs Slet .z
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Sl oads atds (hOrn ) oyy9m &jgo 4 5 OMas jl Keolas™.25

PAP, AP, =0, A0, .o P AP, AP, AQ, Gl
PvPvP=0nr0, PAP AP =0 &

Sl o (PUIE ) Laste SealsS 5 A 4w ;.26

Jl) Av =B
2y "AvCvD
l:‘}) —C v —Bv =D
90—89 pgo p

Sl cayd a5 plaS KB, al, a2, a3 sla Juo 4 ax95 L.27

a2 |I= KB .4l
KB |=a2 .c
KB l=al
KBl|=al va3 .

O sl Candy cnl 3 S e 1y e 539 (3.3 ) @pe 3)ls (3.2 ) @pe Sl sseng sl > Jule 5128

()5 3935 (JI565 (3.2) woye > Sl o Jolo a8 sl prdly s tboadly ) S5 3959 Jdo i 1365
6 .o 8.

m-w"-’. 5.3 7.5




193 Jsl 4 pe 3late st Juab

Sghige Jol> bt slasy oS 5 slais 295 59y J> Aoy S Jlas] 5129

(Resolution s w63 4 by ye )

=P, Vv B, B,vFE,VP, -B,Vv B, P,
B

Bi1 VP (2
Bi1 VP2 (3
By V~ P qd

3241 42,1 & 243 .o 1,34 .
1] o sleis & (Integrity ) Ko Lo clacodgioe =5 au3S #las”.30

[E—

W AW, o WV TTW &l
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90 oyl

Awles OBl ) sy 43531
A3l o T (S s 88l ol St e S 5 ccppgn
el o0l Vsl | Sle5505 gy (o Sl e o
OBl ool o3l G 5 9y Gl 0] i )eNl bawgs (ep sladl b ol 3y50 3 (65 e o)
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D)3 092y Cute Jlpd S5l e egpmme S 3 0
Sewl oS 55 o)be (CNF) Ldbhe by JSi5.32

Bii<>(Pi2vPy)
(~BiivVPi2VPy )A(Pi2V Py ) A(~P12VvBy) .l
(~BiliVvPiaVvPy ) A(~PiaVvBii)A(~PyiVvBi1) o
(~BiivPiaVPy )A(~PiaVv Py )A(~PiaVvPai) ¢
(~BiiVPi2VPy i )A(Pi2V Py ) A(Pyiv~Bi) (Piav~Bii) o

91-90 Jof p 5
S0 Obul Wl o )90 plaS TT-ENTAIL 2,65 lawgs ¢ y35 > Jodo 4 4595 133
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F T T F
T B ® ¥
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09 (o5 ol ba ay pluS 5 slaats 5 9 S ds je K 5136
=P v By, BiyvPav Py, =P oV By P 5
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At B 128 b Jao IS g5 b falsr ;) il oL 4
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( 4k, ) Relation: equals

( 6 ) Function: plus
Square niegboring the wampus smelly (2
(2300 52 jopely solome (slog:ye)
(Ll ) Object: square, wampus
(4k),) Relation: niegboring

( &b ) Function: smelly
sl 193
pore 93 Cpl Il Cunl oo cplpli oiiS o ooy (oolid S g (olid (s o3 93 Iy Blaie gl
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JW S S |
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Language Ontology Epistemology
Propositional Logic | facts true/false/unknown
First Order Logic facts. objects. relations true/false/unknown
Temporal Logic facts, objects, relations, times | true/false/unknown
Probability theory | facts degree of beliefe[0, 1]
Fuzzy logic degree of truth €[0, 1] known interval value

Ontology
Epistemology *
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2 J gl 4 o Glano pol 5

Sentence 2 AtomicSentence
| Sentence Connective Sentence
| Quantifier Variable, ... Sentence
| ~ Sentence

| ( Sentence )
AtomicSentence = Predicate(Term. ...) | Term = Term

Term - Function(Term, ...)
| Constant
| Variable
Connective > = | A | V | &
Quantifier > V | 3
Constant = A | X, | John | ...
Variable > a | x | ...
Predicate = Before | HasColor | ...
Function = MotherOf | LeftLegOf

‘Term
Bt £g5 duw Lap i A8 (0 o)Ll 2 b Sy @ & el (haio Ojle S p 5 o
g go gy Sy ey L aS (A, B, John, ... Ju ) slacel %
g goph Sz B beS (2, X, D, o) tla piie
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ol 04 0Ll @lgy | diges dix 4 5 50 ]
Brother( John ), Length ( Left_Leg_of( John ) ), Plus( 2, 3)
¢ Swodl Mo
Al o Cawd a4 Sl SMor WS o o)Ll Laslgy 4y a8 ladiune g a8 o o)l sl 4 45 a5 S 5 L
ol 4o g ain 55l B olap i b olyen ((dar Jub ) s Jold &8 S o o |, (il Siall )Mo
ol 05 0Ll Kol Mo 5l diges di> 4y i d cwl F LT
Brother( John, Richard )
Morried [Father( Richard ), Mother( John )]
Brother [John, Brother( John )]
Larg than [Length( Left_Leg_Of( John ) ), Length( Left_Leg_Of( Richard ) )]
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o WMo
Sl a8)ke dale bulyy il (55 odzmy Sler lgi o (dlate balg) 5 Suadl SMar S 5 L
ol 04 0Ll oy CMox jl diges dix 4 5 0 .S~ =, V, A
Brother( John, Richard ) A Brother( Richard, John )
King( Richard ) v king( John )
~ King( Richard ) — King( John)
Older( John, 30 ) —» ~Younger( John, 30 )

~ Brother( John, peter)
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loiil by bl 1 5y b dad Lol lgiioe dagl b 5 oslizal L el byl (sls 4 ol 4pe (3late o
9 83929 sy Sbapl 4 3l jow 93 il Jol 4 ye Blaie cunl dy Sl bajgu I o3latnl b ol cpl 3,8
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v <pie> Saler> g oo g pgy S5 Billas (oges slajg

(At s lalasl 4en ) VX, King (X ) = person( X ) :Jbe
aely yolie bk a5 cuwl P(k ) Mp(ky ) Mup(Ky) des ol Joo 5 pd ales o) VX, P(X)
sl G X 5y gl P S ol & sl it Slie S POX) (ol ) 5 sz Jue
King ( John ) = Person ( John)
King ( Richard ) = Person ( Richard )
King ( Left_Leg Of( John ) ) = Person ( Left_Leg_Of( John ) )
King ( Left_Leg Of( k) ) = Person ( Left_Leg Of(R))
King ( Crown ) = Person ( Crown )
(o3 Bl Canyob pae ST iny pao S g 3 slital b ) ool (oo ) T 3p oMo o5 2les 53

(g oo asuio pylea U pgd OMas wyd cCuwl Cauwyd pgd Byl (pgd Bl &y as g5

Quantifier '
Universal Quantifier 2
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1 G992 9 sgm
g0 3 |y G (93925 sow &S (Jbb 0 S ol bl dan 3)50 3 |y S ceges jow b dex S
S o o bl 5 o
3 o> <dea> ied e iy gy S il (s3529 sl
Jx , Crown( X ) A On Head( x, john ) :JGe
shad dlox Poles cdlon pl 500 @yl 4 Al Gy s b SO JBls gl P &S cuolize pl 4 83X, p(X)
cwl p(ki) vp(ky) vep(ky)
1 g Olwogas
3y90 baly o399 yow jlodlatul 13 g (b oS 5 oslital 3)90 Ly csogee ygu Sl ool )3 sy oo Sl &
4 e (oges jow boohen (Lol by lyie 4 ilae (S5 (65150 a8k cuslie ilae oS 5 eoli]
G e 23l 4 oxie (3929 jow olyer ol Ly plyis 4 (byd oS 5 650 9 68 sl (2l
S A2y sl 4 358 0

Vx , King( x ) = Person( X ) :cuwl jass G o551 cal olisly S o 4

Vx , King( x ) A Person( x ) it 0L53L 31 y3] dens (g8 olesl)

3x , King( x ) A Person( X ) :col slash 45 aass 315 3459 %

pDe el et oK1 alisl wsb aib sy ST (0 s oledl ) X

3x, King( x) = Person( x)

2 gfwio olii! K
s S G L s o s (B S S L e e
355 2 MK

/’/;_——‘_H\?f\
(Vx Human(x)=) Mortal(x)
:3\{1 Sister(x, Sporp__\_‘)("m(x)
s _mcmed 33
sal S g Tl S s WS e Gl 4 des t Jle
.L."uL; T i el

Vx at(x, Class) A Smart(x)
ke L

dx at(x, Class) = Smart(x)
02 ) S il Jgl 4y slaie p 3 53 ab o)Ll G 4 Y > o G5 4 e L) 5 e 2l
(5L X 9 Cawydb Byxe (X ) 9 X 290 sl yme P(X ) &8 0

X, p(X ) AQ(X) e Canydb ool S %
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VX, P (X) = ~ (X)) i Cupdb (6 )hosilow g
X, p(X) A~ q( X) s Coawydb olaatobos oles %
VX, P (X) = q( X) s Canplb ol laeiolo golos %
9 30 9 Gl ygw
“Jle 4 aies 95 SOl g b op 5 edle 53 e jluy (6 yiodzmy OMer wiilgi o jow il ol
WSS A2y 5 by
Vx Vy Brother( x, y ) = Sibling( x, y )
VX, y Sibling ( x, y ) <> Sibling( y, x )
(o9 330 :Sibling )
F25 g ST (g )0 dlox (Sline )3 (6336 byjgu (2bmlr diwn £ S o jgw G52 (358 Ao 93 )
28,5 aalss )13 530 ot g olmle b dlex (gline aily Ciglie ) S0uS0,
Vx dy # dy Vx <
Jx dy=dy Ix <
VX Vy =Vy Vx
dx Vy Loves( X, Y ) o, cavgs |y joleil dan 45 3,13 339 yased G Jolis s Jbe
Vy dx Loves( X, ¥ ) 15, cusgs 1y 185 & Sl ol )3l aan
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Vxe IN,dye |Z,x+y=0 T
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)1 L)l SeaSe b Qs sk 5l 9929 5w 9 (o905 s 2 3w ot DL
~(Ixp)=VxX,~p ~(Vxp)=3x,~p
Ix p=~Vx, ~p VX p=~3x, ~p
tfled dog e ol 5 slalie
Vx Likes( X, Icecream ) :u,ls cusg ) i ol )3l acn 4*
~ 3x, ~ Likes( x, [cecream ) : wil awisls cusgd (i 45 uS 3,05 dgzg
3x Likes( x, Broccoli) :5)ls cusgd oIS J5 a5 15,15 3939 (31,3 %
~Vx ~Likes( X, Broccoli ) :uil asils cavgd oIS J5 45 Cons oS gud %
1 Sl pgeio

3 eslgicen Loyl 3929 55 (65503 ol (ol Mo (it Lo sl asine (6358 @0 1 e & ol 4 pe (3late
Olgie 4 oS ool (S’ o 0yl Sl s b A ey g0 ol 3 &S SMes 3 le sl (=) oles Caede

nested quantifiers '
equality 2



211 Jsl 4 pe 3late st Juab

&S e s b aS o oplil o] & Father(John ) « ¢l s Father( John ) = peter ales> > Juo
] UL,.SJ J.ZSUA o)L.'S] O] 4 peter

3x,y Brother( x, Richard ) A Brother( y, Richard ) A ~(x=Yy)

"oyl ol gy Bl 5l , "

2l 4 o Gl 30 B 33 g LaLSSI
omsS o 831y Moy Nigd e 8Ll 2l oKL 4 Tell 5 osliul b Mas
Tell ( KB, King( John ) ) <
Tell ( KB, Vx King( x ) = Person(x)) %
ooy 5 ASK g 45" (5Vlgus 395 0 03y SMar oy 3590 ) (I oSl I (Y1 ASK jledlisl L
) pb TR b TSl 48 29 o 0y Ll
Ask( KB, King( Richard ) ) «°
Ask( KB, Person( John ) ) <+
fgwglis g3 (5 wiold
o8 selaid 1
Male, Female s by abfy i
Parent, Husband, Married, Brother s dgs¢8 alagty il
Father, mother ;@b v
1loyd dvgi (gXgligs akals ) pj OMen 4
V m,c Mother( ¢ ) & Female( m ) A Parent( m, ¢ )
ol e ] cige Wy pas o pole
VvV w.,h Husband( h, w ) & Male( h ) A Spouse(h,w)
il 28 5 So puam )3 1o 00
Vx Male( x ) & ~Female( x )
islate sladdge ()39 Eige 5 S
V p,c Parent( p, ¢ ) < Child(c, p)
)1 ogSae alaly 3558 5 cpll
V g,c Grandparent( g, ¢ ) & dp parent( g, p ) A parent( p, € )
al 28 o Wlg lg 0,8 52 S50 b S50k

V x,y Sibling( x, y ) & dp parent( p, X ) A parent(p,y ) A(X#Y)

assertion !

Query 2
Goal *
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A5k 40350 55 o g 51 L 5,51l aigzne 5 STyl pie 5 S,
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A3k s garme ] (S g 51 L g 5] o dmgarmo 93 plasl gide o3 Sy

VS,Set(s)= (S=1{})v(3IxS, Set(sy) A(s=1{x]|s2}))
Dgd oo didlw ;) degetre S 4 puais Ko (0,5 ALl L L cul g5 dsgome G L bas gasne

VxS xeSS={x]|S}
D)8 (658b bl atsld 2959 dsgee 4 W a5 paie S 2958
' 1S (wikigo
b ojon 4 Canl S (> iine Sy b0 &S I pwie Sl B i oSl cils IS AT 4,
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Wby (og0d gadmio I

& Rlis glyl g LS Canog sl oyios LB Gl oLl o5 ) ey 1 glojl il (I eaige

Sibling !
Knowledge Engineering
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&5 5SI 5 o ol

Cc1

ﬁE ol

¥ o AZ
O —a 2

&:E)JJ}QUM A

]
L X
.
=~ _L-

>

Ol )l 3) ST on mamm i3 4y il lke LT =
by o Sl o8l e T
(AND, OR, XOR, NOT) ta &5 g1 tla oo 1o s o5 i -
PRSI NS <R R0 T o
;Jw ")}AJ"KSJ‘.‘.S(":‘““@— .T‘
i Rl ol —
Type(X;) = XOR

Type(X,. XOR)

XOR(X,)
ulad»}gpu;dla\'_pfdf ¥

-Vt,.t, Connected(t,, t,) = Signal(t,) = Signal(t,)

-Vt Signal(t) = 1 v Signal(t) = 0

-1#£0

-¥1,.t, Connected(t;, t,) = Connected(t,, t;)

-Yg Type(g) = OR — Signal(Out(l,g)) = 1
<> dn Signal(In(n.g)) = 1

Vg Type(g) = AND — Signal(Out(l.g)) = 0
<> dn Signal(In(n,g)) =0

Vg Type(g) = XOR = Signal(Out(l,g)) = |

<> Signal(In(1.2)) # Signal(In(2.g))
P Al W S by e H 0340 S0
Type(X,) = XOR Type(X,) = XOR
Type(A;) = AND Type(A,) = AND
Type(O;) = OR

Comnected(Out(1.X,).In(1.X,)) Connected(In(1.C,).In(1.X;))
Connected(Out(1.X,).In(2,A,)) Connected(In(1.C,).In(1,A)))
Connected(Out(1,A,).In(1,0,)) Connected(In(2.C,).In(2.X,))
Connected(Out(1.A,).In(2.0,)) Connected(In(2.C,).In(2.A,))
Connected(Out(1.X,).0Out(1.C,)) Connected(In(3.C,).In(2.X,))

Comnected(Out(1.,0,).0ut(2.C,)) Connected(In(3.C,).In(1,A,))
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Jol 450 Bhate spin Juad

gl a2 s o Jles) £

Jiy.15.13.04. 0, Signal(In(1.C))) = 1; » SignalIn(2.Cy)) = 1, A
Signal(In(3.C,)) = iz A Signal(Out(1.C,)) = o! A Signal(Out(2.C,)) =0,

salitl Jlde gujp Slp LlF 0 85 B s A s2008 Jsdr il
2 g

leﬁiﬁiﬁﬁjvwﬁ‘-]wlﬁ
Cp ol s ool 8 6500 o Zoli b (63958 5} (oS 5 4
Jts &8 4 (8 c) € e pas s 5 i w (por &)
PR

31;.1,.1; Signal(In(1.C,)) = 1; A Signal(In(2.C,)) = 1, A Signal(In(3.C,)) = 1; A

Signal(Out(1.C,)) = 0 A Signal(Out(2.C,)) =1

1S sl e,
{i/L, 41, £T0%,
{i/1, 5,/0, £/1},
{4;/0, 3,/1, 5{1}
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88—87 Jol p g

3 s ohle )l S phS Jlude conl st pals (free ) ol @yge 4 Q X yuie oS o8 ol b W
Sl cawydb Slawe ( PREDICATE LOGIC ) ke

(Fx(P(x) = Q) = (VxP(x) = Q) .4l

(VxP(x) = Q) = (Vx(P(x) = Q) .©

(FxP(x) = Q) = (VxP(x) = Q) .z

(FxP(x) = Q) = @Ax(P(x) > Q)) »

oy Jgl adye slaie 4 ") lo S i g S S pa " dler daz 2

Vx,dymother(x, y) A (Vzmother)(m,z) = y=2z) .4l

Vx,dymothern(x, y) A (Vz—mother)(m, z) .o

Vx, y(mother(x, y) = —(Izmother(m,z)) .z

Vx, y, z(mother(m, y) Amother(x,z)) = y=2 .

88—87 pgd p

2 Gl sl g 8 Camo IS bl g S 4 2] Slgie & can] ) glaglie I Sl o) 3
TS 2] el (S (SO bl plas

S8 shaie > o)l shio g Jslasye shiec pod adjpe shaie .l

Oltogd &S Jigel Sl Ko simgiiei asl oS g ol Oligel Qb an” der s Jobs 4
oz Jol aye Gekaio ")l

dAxVystudent(x) A ((student(y) A Like(x, y)) < WietterForn(x, y) .l

Vxdystudent(x) A ((student(y) A Like(x, y)) = WletterFor(x, y) .o

dxstudent(x) A (ystudent(y) AWletterFor(x, y)) = Like(x,y) .z

dxstudent(x) = Vystudent(y) A Like(x, y)) < WletterFor(x,y) .»

89—88 pgo p i

Sl plS" aubs b5 > mIxLikes(x, Icecream) dos gxo .5

D) Cangd (T S gt Al

W) Cuwgd i dod

Wbl AL Cangd (it &S )15 2929 (1S g

Dl g (L 45 313 dgg oS
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Sl 4435 P8 Jgl 4y gt 13"l By 9y (2B ol olidl " abex plaijly 6
JxCrown(x) A OnHead(x, john) .3

JxCrown(x) = OnHead(x, john) .o

VxCrown(x) A OnHead(x, john) .z

VxCrown(x) v OnHead(x, john) .

90—89 pgd p

Sl Cawyd 390 plaS ASK (KB, IxPerson(x)) o> 9 oy dy90 5 .1

[E—

¢l TRUE ] sl 0550l G 2929 90 3

A5 a2 3325 o 3 |y {X/ JOHNS Bl IS5 a0 (30l 6 (2

oS oo 1) 3290 o ol I e (3

col False o gl cn35uls 2929 pas 90 0 (4

P 441 .

b2 0,155 5kl geoly Lol Wil Casyd Sloze 4 51 5 3z
(b & dnuls sl o 3

90 ¢ybiusl

b cwl oo ~3Ix ~Like( X, IceCream ) o155 .8

Vx ~Like( x, IceCream ) . dx Like( ~x, IceCream ) ..l
Vx Like( x, IceCream ) .> dx ~Like( x, IceCream ) .z

- o el 955wl Ll 4 il oKl 4T 5V lgw edgame ¢ il wtige Ty il Al ye plas” 5 9

2,5
gl (58,5 5 glul ag) )l 52 9 pon b @ Lasye (2l (5y1,5
aly S iy 0,8 50y aadsy olols .z

Scuw> ASK( KB, Person(Ali) ) jlaie ¢y il oKl 4 4595 .10

TELL( KB, King(John) ) TELL( KB, Vx King(x) ) — person(x)
John . False .z True .o Al .l

91-90 pgopy
b el plp Jol 4550 shie ,> €very one is loyal to someone ales.11
Vx, 3y loyalto(x, y) .2 Ax, Vy loyalto(x, y) .1
Ty, Vx loyalto(x, y) .4 Ax, 3y loyalto(x, y) .3
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92-91 Jol p 3
abl, brother ) Sus’ o ciuog Jgl a5y shie » 1, (Uncle ) ob cugligs abaly an3S plas’.12
(md o L ]y (P9 W cuols female 4 dg Jlg dlaly parent (ol
i
Vx,vuncle(x,y) < 3z brother(x .z ) parent (z,v ) Afemale(v )

vx.vuncle(x.v) < 3z brother(z.,x ) parent (x.v) nfemale(x)
z

vx,vuncle(x,v )< 3z brother(x .z YA parent (= ,v ) Afemale(z

bl

Vx.,vuncle(x .y )< 3z brother(x .z )A parent (z,v ) nfemale(x)

Ghte 4 € lizugy oS LS 4 S WS (o3 S8 S gn 4 (bl an > dex s Jobs 13
(sl 23> Casgd (gino & LIKES 5 (3,5 S8’ (ine & HELPS ) Scer Jol ey

il

dx Yy person (x ) n(person (v )nlikes(x,v)) < helps(x.v)

Vx 3dv person (x ) n(person (v )Alikes(x,v)) < helps(x.,v)

T

Vx v person (x ) (person (v )A—helps(x .y )) < likes(x.v)

>

dx Yy person (x ) n(person (v ) n—helps(x.,v)) < likes(x,v)
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( Unification ) (g jlw Ol <
(GMP ) 4l maoi £1351 (956 %
ol 4 95 gkl o pexiy %

S 4 9y Flukwl o iy ¥

Resolution +*

S American(x) v - Weapon(y) v - Sells(xyz) v - Hostile(z) v L'rr'.lrrr)rr.u'r.'n‘

=1 Criminal{ West) ‘

— =

American West) 1 American(West) v - Weapon(y) v Sells(Westy,z) v - Hostile(z)

R__“\\_
1 Missile(x) v Weapen(x) = Weapon(y| v = Sells(Westy,z) v 1 Hostily'z)
_____‘\R—_
Missile/ MI ) - Missiley) v - Selts(Westy,z) v - Hostile(z)
ﬁ\\—\
= Missite(x) v = Owns(Nono,x) v SetisfWest.x Nona) — Sells(WestM1z) v - Hostile(z)
\\\\\—/
‘ Missile(M1) ‘ - Missile(M1) v = Qwns(Nona M1) v - Hostile(Noro)
~\/
Cwns{ Moo, M 1) | = Qwas(Nono, M1} v =1 Hostile(Nona) ‘

1 Enemy(x America) v Hostile(x) 1 Hostilef Nono ) |

\J

Enemy(Nono, America) Enemy Nono,America) ‘

V
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s s o9t OMar JSb 4 1) Lol 5 g Jlasl loygus glgl b Doz 4 siilg o il 0l oS oS 0
Slate SMex 4 (b oGl s b Slg oo Jol a5ye glitul & 39 oo ol ool & poxie (ylsd ol S
Jl asiye Mo b J¥ ozl Vgams ( sloyliS izl & 5 ) 095 sl (slo)liS hate 51 ealizal 5 (lo)l3S
03555 9 gl 4 g, 5l edlatul b alie e b JYaul 4 cuns 6 531,56 > o, Resolution jl sslazl L
bl oo e g,

f0ges yow Si> b

b9 sl et gl ) rej £ oL kie (Rl Sl Sl dlex o il on Lo o8 055 0 096 0l
ol O dlos 30 il a5u5 b ol SUDSE( 0, 0 ) &b jlude ooy 5l wiils @b 4 glicwl g6 o)
Vyie Gl 4 O galar ) O galox 5V piiie o gl @ 2adlion 2j ©ppo 4 ages jgw Sl el W
S iRl ) 8 e term

Universal instantiation g0 (5 jlw 43909

ol plilzol LB ales J bsgi o oges yomw s dlas il dges
Yva

subset({%} , Q)

Vx King(x) A Greedy(x) = Evil(x) :Jte
King(John) A Greedy(John) = Evil(John)

King(Richard) A Greedy(Richard) = Evil(Richard)
King(Father(John)) A Greedy(Father(John)) = Evil(Father(John))

Subst({v/g}, a)

Jue ool 4 oS iy sl alan o lasito sl Col Jyl sa5ye i b & 85 slilax 5 8
Py o g g Jgl adye haie pyd 4 clahos O g piio SOV o 3 a8 345 0 415 Substition L ;5
il '

859929 gw D> (5B

ot ool 53 ST S K o g V. jito 5 0L alor 50 gl sl i odizmy (oS (93925 j9w Blo 58
oL, et aS K col oV ke (gls 4 0 calon 3 Ol galonr gV pito S il tanyl oS el

OS b ends el il

! ground term
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:Juf:lgaMﬁpU&Jﬁlbaliilijld)ipdb)bdk@ﬁJanW‘az\l.o.})md])g
dva

subst({%} , Q)
Ax Crown(x) A Onhead(x, John) :Jte
Crown(C;) A Onhead(Cy, John)

igsS o wlsSnl ol o & 3l wan Jgsepe Sy CL a5 (b s o 1SS
S €iges 2l 5 S o a3ygly Iy o 45 35 3gmg eisd b b Sa o S e 35y sy b el
Jo i 39 e 0mel wlgSl ol (S Mt sl ol & A8 e lsl elsl o el |y ol e (s )

<l skolemization sl 4 JS 4015 G 5l pols cdls (3939
b s diges Jp 455 055 (lime ol b 355 Jlas] b sz S5e (goges g s b (sl diges 1485
23,5 (g0 Bl (03929 ygm (SHI dler (w9298 Jlosl Kl 00 5l S b (93929 9w Sl
1 6to 513 glikiut 4 Juli
@l ol 4y gl wuilgs o mo)ls JLisl 5 (gy5m SHhor I (5y5m 8 SHloa glial sl (pileB (B
2o S99 398 0l (ile Wged sl oL Nlgie (3929 sgw & Cusl (ol ipund 5 (sloljS gl
S dagi pj Jlie 4 058 3l (See slajls dises plod I (Slasgecne bawgs Sl oo coges
03l o5 o ol L KB 555 33
Vx King( x ) A Greedy( x ) = Evil(x)
King( John )
Greedy( John)
Brother( Richard, John )
w)ld oSen 3)b plad 4 (egas jpw (S oz (il digai b
King( John ) A Greedy( John ) = Evil( John)
King( Richard ) A Greedy( Richard ) = Evil( Richard )
King( John)
Greedy( John)
Brother( Richard, John )
S1as)ke lo)l5 o s ( s3lo o)l )l osal)s (glo)lS p,8 4 320 KB
King( John ), Greedy( John ), Evil( John ), King( Richard ), etc.
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S s
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5| o sasgarme i bt alon ol o1 Al plikial LB sl a5y slaie L2l oY Lawgs O alox 3]
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W90 9 T2 SN
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S drg
Vx King( x ) A Greedy( x ) = Evil( x)
King( John )
Vy Greedy(y)

Brother( Richard, John )
- Mg Greedy( Richard ) ssbe (oobj golis 3,5 g5l loylS Ll Evil( John ) & col o
28b oo bgipels a8 S
: GMP &8 paosd §1351 (39
sdaly 1, (¢l subst( 0, pi) =subst( 0, pi) &0 wils acgeme < Piy Plis  SMox il &

ol Y8y ;5

! First Order Logical
2 General Modus Ponens



225 Jo) 4 y0 shate ;5 Vil pas ot

L ! _—y A A A oy )
Py Py s, (PLAPL AL AP, =q) ‘
- - where p;'8 — p,0 for all i
q0
pt’is King(John) p1is King(x)
P’ is Greedy(y) o is Greedy(x)

Ois {x/John,y/John} qis Evil(x)
qf is Evil(John)
88 o S (e Jlynd K 8B ) ume slaClause 1 ails o5, LGMP
A o505y (S5 1o yeite plos oS 39 00 258 W
ol 1353 96 asly £5)) S5 GMP el grmo glizol 598 Xy GMP S sb olis lsiee o)) &
4 G GMP glizl (98 wpe el il o)) Jol asye lato 4 o)l 3laio > MP (156 1,5
5 il oSyl b GMP sim o sl sl p3¥ oS 1, Slapyuiile Lais ilsd ol 4 Canl ol cojls o)l
S ol 05,15 it ) S By & ke iny o (3,515
Vo
T gile glusy
QLSS slno, |35 4S5 jkas s puse (sl 4 Lol g o piite s> @ @l o it (gl> & W it (0301 Joo

Sy 500 ©)le dy 0gd o0 45 (gl (sl o WS
+ Umify(o.p)=01f ab =6

P q 6
Knows(John.x) Knows(John.Jane) {x/Jane} }
Knows(John.x) Knows(y.0J) {x/0J.y/John} }
Knows(John x) Knows(y,Mother(y)) {y/John.x/Mother(John)} }
Knows(John.x) Knows(x.0J) {fail }

Knows(z, OJ) Y it jize (g5 5 | diteul

A4 gLy Qi e Gl Kb o ol o5 )1 Gl abhopiile (8L 4 aBl W)l bl (il
9> UNIEY o601 0l o Jg) ape gliizol (slags oSl (608 e52 5 )b pb (gl LG 418 ol ks
93 &S w8l o 3] olSia Fail JSie b13,5 o g 3939 ygo 15 1,0 5l (s K g 03,8 cdbp | ales
B,k Fail JSie aMes 51 (S5 ) pusito pb i gm (g5l 3,05kl b a8 a8 oolisiw] SlusSs jpuito I dlos

RWINEY S

Loyl 3¢9 wiils 90 Knows(y,z) g Knows(John,X) il (ojluss (ol 2489

! Unification
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o 0={y/John,x/z}
& 0={y/]John,x/]John,z /]John}
2ilso (093 51 5 soges sl LSy gl ¥
s 4 Cans &S 3y 3¢9 Most general unifier (MGU ) jlo (lSs ny soges o Lagd %
Alise 33 & paio b yiie pb
MGU = { y/John, x/z }
Al S5 e b S as Sl e dles 50 sl il LSS dlaaiaiSS

3653l sy 9590 39 (oSS OIS
f(x,y)#g(A,B) g dplgs (gl LSy BB plian yf sladivs
(A, x)£(B.x) s il e B plon i oy i

Jle s 2,65 bl Wlgied (il LSy e plon b e S Jold Shilie 255 5y il st
sl pale 51 {P(g(x), x ), P(x, g(x) L {f(x, x), f(g(x), g(x ) )fesls
6 3 dgrge XJald (03Sols oyl 45 @S X 0p3Sole 1) 8(X) oys8) b b mapde |, {X/ 8(x)}
x/g(glglg...... ) ) ) elsalgd demg 4 coles o iS5L Sledls g SO g Aib o o E(X)
S gjlo sy JB 5 Sl jlag; plas' 31 Jbo

{P(f(X),X) . {P(f(X),y) r
P(x,x) P(y, f(x))
{P(f(X),X) . { P(x,y) :
P(y, f(y)) P(y, f(x)) '€
St il LSy BB 5 Slle Sl o) pls 22 Jbo
{Q(x, gy, y)) “ {Q(X, g(w, t)) (
Q(A,g(B,C)) Q(g(A B),y)
{Q(B, gxy) o { Qxy) (
Q(g(x,y), B) Q(g(xy),B) €

ot 4 0 Bl onta ' 518 519

g &y B3 oo e 3,515 S Al e byl 5l S s a5 canl oy had SluS )3 qopeme slais
Col cute Jd o ol B g cuto oz Gilae oS 5 ol paie o7 by aler S L ol aler S
Lo yusite 390 (2l 3 Bl 35 puiiio Jolis Wi o Jol 4s5ye sy ecslo)S oo Jlyad G 1 395 o3y Lis
P35 comme 3 S1)3 Ngd o Bl Jgl adye (me (S3)S1h3 )3 (ages (Slajgw g Miud (eges o (I
Aleyd dngi uxe (sladl j diges M 4 .Cusl GMP (636 51 odlisnl (¢ly 8)lato

King( x ) A Greedy( x ) = Evil( x)

Define clause '



King( John )
Greedy(y)
1digod wild oL
L2l aigas 13 oSl S b sl oY oy gl 45 laie 53 il (slagi s Lpme 4 4521 ) U
Ll Gl oSl cnl g9y 1y 298 (slopte )] s oS’ s Jgl 4,0 oo 41 ) o] 53 39250 3oz g g
)5 uble>
cyousd NONO 08 gy doxb] maoliiie (lacde 45 o150 0l K a5 canl Colis K opl 165 0 oyB»
el Sy Sy & sy JIS g nSge ol plos g 2l g0 Sige (ool gl g 2l o 1]
€l 0l didg )8 (oS oyl 4y Col
sl pyme WESE a8 058 ol (il oS0l )3 29290 ©Mer 4 a2 |
The law says that it is a crime for an American to sell weapons to hostile nations.
The country Nono, an enemy of America, has some missiles, and all of its missiles
were sold to it by Colonel West, who is American.
Prove that Colonel West is a criminal
sl ol gy debusl uoliie (glacde 4y 4 1yl
American(x) A Weapon(y) A Sells(x,y,z) A Hostile(z) = Criminal(x)
A3l o Sdge (odlaws glyls NONO g8
3x Owns(Nono,x) A Missile(x): Owns(Nono,M, ) and Missile(M,)
Sl odd aidg,8 Cung JilS lawgy L Sige opl plas
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)
ol doxll e g5 Sigo
Missile(x) = Weapon(x)
] ot 25 S5 pol (e &5 (5,988 2
Enemy(x,America) = Hostile(x)
el G150l S West
American(West)

el 155 50] pessNONO g

Enemy(Nono,America)
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... it is a crime for an American to sell weapons to hostile nations:
American(x) A Weapon(y) A Sells(x,y,z) A Hostile(z) = Criminal(x)
Nono ... has some missiles, i.e., 3x Owns(Nono,x) A Missile(x):
Owns(Nono,M1) and Missile(M1)
... all of its missiles were sold to it by Colonel West
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)
Missiles are weapons:
Missile(x) = Weapon(x)
An enemy of America counts as "hostile“:
Enemy(x,America) = Hostile(x)
West, who is American ...
American(West)
The country Nono, an enemy of America ...

Enemy(Nono,America)

29k 43 9 3w 0y ) i 5951

ool 53 35290 (3l WMo Il oIl cpl p3 S (o IS (g SIS ) e slaits sl wiys S (e
2 3530 Bli 4 by dlar o o 0l oy by aler (S Sloio plo 8] 0l o g9, I
L5 Sen (6,505 il b 398 a8lol KB a0 q iy a5 589 b b oo deldl ])8 ol 50 0 48Lsl KB
Ay oo ploxl it (8L ) CleMbl 4 Fusly 3 plaglin] & Cosl dudo ol (sl il w2 )oSl )
Resolution aujs jl 4l o 1) cal diadjyl cpme clad,S1)8 5l oolatwl b s iils ol cdlu oplplo
2,5 ol

oo (509280 i) 4 !

Jol pt8

American(West) I I Missile(M1) | lOsmsf Nono, M1 ) | IEnmi_u‘ Nono, America) |

ipgo pls

| WeaponiM 1) | IScHsr‘ West. M I .Nono) ] |Hosrr'|'c.-'-'\'mm |

American{ Wesr ) { [ Missile/M 1) | |Dh':1$f‘ Nono. M1 ) I IEJrcnr\r Nono America )




o PE

Criminal{ Wesr)

Weapon(M 1) | I Sells{ West, M I.Nono) Hostile(Nono )

I,-\mcn'cam Wesr) | I Missile(M 1) | IOwnsn‘ Nono, M1 ) ] ]Enc;r:_\r Nono. America ) I

:Datalog wils oL
log Data il oL 1) wisb ol Juow 386 Jgl a5ye cpame slad,S1)8 51 (clacgomme Jobis a5 il oL
pipsll S e 5 ol |y il Jos @b Jraws 3929 pis (398 0ud (Bpme (i ol il ) onasS o0
s jlo 0505 wh)oSl Gezmes Cusl guzmo g oS Jgl adpe Gme s3)S13 (gl sl 4 il 05
L35 O aler pilins Ll oL (ST S cdls (5 Jg 29 o0 ciBgio dgdome sl S5 sl L Datalog (¢l

ol 5 izl S ) 5 3905 iBgin o Sas

il 91 gl 41l 0 05

Pl ciais oS wilb Py e il 5 Jols o paie o 08 0 S 1y (13158 L 1S5 50 020680 5
5035 el Pl 1 Py sl b dlo o 55 s 85 (g play sl 00 il t-1 1,85 5 a5
wpp p Blgi oo Belad Joo 395 &5 0l Gabad (L3 (la)l S5 5l (lis b 9B lacilas plo oS aad e o)l
Bsd il O(I) ploj o oad aslis ilis & 35500 03l ojlal (il ol (sais (asls dlwgy 0l
S 0,565 doME ol pu Dgud o 48 )T IS Ll (glaedly oL 10 (slod yiuS job 4 gla dsg il
o1 AL K115 )5 bl 51 ol g o (398 ey & 5l oK 1SS 5o aSal (g a3 sl s,
S 4995 3l 0 a5 i 591

B des il &5 (KB ol cMos ) ot aslis golis 4 b 33,5 oy e Caows 4 B | 40,65] oyl
Jolis Lasd Lol ) g 355 0 45 565 5> Blaal a5 GOaAlS pb 4 s b w9 oyl o pp 2S00 Sl |,
olie plos &5 8,8 iy ity Sy sis 4 e |y Glanl Cand 2980 gl Cusl Gin b oy
S e dugy o 0555 wieSl g Glil cudibge b (g)ls a3 Ls b bgi Loyl b GOoals cud (> 39540
Conl (ot aloa 3l Lo s o )oSUl cnl sl dibls slagrinjls g Cosl (UESSL Boe Sl wiyoXl
(Om))
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D0 @) 25 S 93 gl gy (3l 055 SUS 2 i g Sl 025 Sele
Andils 3gg > 4 305090 JolSG
&y j0 390 Blanl plai b Jab Coun duslie s 0ly @
ST an 5 s 4 309 1,6
- o pbol cwl Memorization eg o5 iy dbils Gaa b LS ol opsd g ofy ©
DS
ol Gua ) e gp Gl las ol aSiy) a4 5 (55l 0p55) piess > Memorization
abasls > ((Lg Slil Wb g 35 o0 l,8 GoalScd > &S wiun e o8 Blaal 5 ol iwy olod
slads oy lea (s Sl ), gl oy8 Glanl o] 4 daoe iy b g B9 0 (6,105 i
03 S gl & 45 ol Bt Vot o i gy S 035 35S0 39 o aolil IS )3 00 0

Do o 418)S G Seloy ()b g it wugs dsliy yd 4

Jot pl5
Criminal{ West) | {x/West}
American(x) Weapon( v) I Sellsix,v.z) | Hostile( 2)
p9s PE
| Criminalf West )l {x/Wesr/
American/ West) I Weapon( y) Sells(x,y.z) Hostile( z)

[}

Sub-goal '
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J 4550 Slate > Jttul 85 b

Pom PE
| Criminali West) | {x/West/
S e
| AmericanWest) | | Weapon(y) | | Sellsix.y.z) | Hostile(z)
[}
| Missile(y) I
rilez P&
|C‘rimimﬂ' Wesu| (x/West, /M1 |
gl -

I.—lnwri:'mﬂlr’:sﬂl I Weapon( v) | ISeHs(,r..r..,‘-'}

Hostile(z)

L)

| Missile(y) I

o P

{x/West, v/"M1, z/Nono |

Hostrile( z)

| M1}
| CriminallWest)|
= N
[Americaniwesn) | [ Weapon(y) ] | Sells(WestM1.z) |
[} | #Neno ]

| Missile(y) || Missile(M1) | | Owns(Nono.M1)

[ WM}
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o P

Criminal{ West)

{x/West, v/M1, z/Nono |

I.—'.rm'ricmar'l'lr'csul | Weapon( v) | IScHs.f West MI.z) | Hostile{ Nono )

] [ Neno |

| Missilely) ”.-'Hr’ssu'chf J I IOu‘ras{.\fono, .-'H.:',il I.Emm_w.'\"o:m,.%mcrrm }

[wm1] tl L) L)
(At ) Sglg ) o 40l

e ol ac e I . e i) e .
20 ol 2l pb late pugs asly b oS Conl ungh acby bl (295 4 Blaie Selon oL
ol ol S5 Hlews SMel oyl sladih @ Ldlaie g ol .l ol ool W gl adye late (sl
ol kol of Jlas g 295 a3ld owy ol 0o ) G0 Glaled b il e &Sl 1 casyls Sl

ol sl 5 @yee 4 Robert Kawalsi dolwe )5 o) cpl w95 S o il o] (g9 2 gl (slaasly

el 58 05 ) o
Algorithm = Logic + Control

Cglite oS il Jol 4o slate )b b 45 Wi yeme c03,S13 j) cldsgaime Selyy clodoliy %

L]

S o olitol ool (gl SosS By g Loyt (glp S5 By 5l Sy W

Dgd o didg ) GAL day g ol 1] 3,51)8 G e gl W

D9 go odlil — I = e 4

b go Lo o 5l b ks ) d990 (sla iz

Do oo pasuiio . b ales gloisl *

American (x) * weapons(y) ” sells( x, y, z) * Hostile(z) Criminal
Prolog: Criminal(x): - american (x), weapons (y), sells(x), Hostile(z).
sl 41 5 S oo oozl HOMN (s S35 (g5, s gy gils 05285 g 3l il sl Sy ST 309

LeY J.:ls L;Las&i.lg@ )'| u—i" .Lm)SWK Pt Jm; 03'9)3. 5 prw Cewl 005 oaldiw! Ki),ol 9 uﬂ) 5 dlo.))lmf
b wlgie polie Cunl (plite Job o b polic I (oipe (Al und Cwlacud (2)135 Solgy ob;

Programming in logic '



shead |, cuud jo Jgl paie 5,5 0 5 [ ] coodle 95 o Selg (b5 50 Comad p2 223l Cand 105 by it
A gS e tall 1) exslesl
il (ilaie g acly sl 4oM job 4y (g 145
head:- literall, . literal ol)le ) clacgese = aoliyy %
criminal(X):- american(X), weapon(Y), sells(X, Y, Z), hostile(Z).:Jto **
2 G S0 355 6l 503 o (Sl 4y G K 035 Ll
Cond 395 b ol JB cad b sl append([1,Y,Y) o
append( [XIL], Y, [X1Z]):-append(L,Y,Z). e

P yurn
append( A, B, [1,2])? .
e il
A=[] B=[12] e
A=[1] B=[2] e
A=[12] B=[] e
W5 olg 9 90 49 S S
lods cilae v 4 dous yob 4 a5 ol Mo I gl Jols aclp o

>

.0

A _ogas gm0 5L e yobo 4 lopite sl i
P S e Oy Ges Jgl gmiee wh)sSll b e dy) (ile 0o yob 4 lagluel ples
WS (oo W g 4y S Lo al>po 03T 4 «Sly alen S Sl sl Gy (o & ey g0
D95 0 a5 Back traking I8 ) 4 w8 jialejl 1) 505 ola > ol
:Cut ygwo
o am3 0 0jlal Selgn (L 4 jeted cul cunl (B b CUL H9m0d Selgry (1L 5 e sl Slygtes Sl (S
A el goias loj U 63, LiBgie 5 £489 e 5l 1) Back traking pjslse
5l Al iy et 1 edlatwl Lol > 42
2,5 W81555 gy |) (s205ke (Slaban 25 5z 2,5 Jalp oo 5 e loud sy
2,8 Aalgd Cruma (6 yiaS dladls Lo doliy
:Cut ygwd 1 ooliiwt 8,190
- o CUL Cplplo ol 4Bl pmo Cun |y Canyd 9 &5 4osS0 Solgp 4 padled 0 a8 Jloj 1
Al gl ey Sl 4 Sl g o0 Cuw)d B 4y (s wbl ) s opl T4 W68
y g 0l 5303 5 Conl ol (o B b Bkt (sl 3 el s Selon 4 eeplsd o aSle;

wDgid o 03wl joiwd pl 5l ks dol
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JWd 4 %05 & 165 0 Sy 4 CUL 5t 0S5 155 1) (Sae (s (slagunly pulss o0 o5 Jloj
Al (gdm ks

tployd dogi pj Jlo 4

P:-a, 'b. a"b —» P
P: -c. c—P
2 Julxi

NS ST ,K085 JoSo Jhhid 90 Jol adpe Glaie )0 Ll il (6,50 o (S 8T witus [0S JoSe
b e p JSb 4 Jgl adye slate ;> Resolution el oes jle lss (6,505 Lo gl

Jol 430 38 (igla
ll\/ \/lk, mqv - vmy
(lgv - Vli_l\/li_l_lv Vil vmgvoee vmj_lvmj_l_lv e vmy )0

Unify( l;, =m;) = 0. &5 Jb;
—Rich(x) vUnhappy(x)
Rich(Ken)
Unhappy(Ken)
pyo g5 Joad CNF Lihe Jlog pyd a4 cMas cul p3¥ Jol 45,0 shaio ,> Resolution jl eslazul !y

ala i 5l (Lad SlS 5 Jold ¢ gibae Sl
ICNF & o Jo1 50
Gy oS F bl i
ahle Jsh 4~ Jlasl i
(pL i ) o puiito 0,8 3 Ikl 11

"639?9 9w c_é3>JJ,i1)§ 1v

6 = {x/Ken}

O e Coow d ajou JBI g (cogas jow BI> LV
A pV ais-6 Vi
CNF p 2 4 Josd
W Jalgd AL Cungd i SO lawgs il dndl Cangd |y Gllas den (WS 3o
Vx [Vy Animal(y) = Loves( x,y )] = [Jy Loves(y, x )]
38 i | npl sl o3
VX [~Vy —Animal(y) v Loves( %,y )] v [3y Loves(y, x)]

Resolution
Skolemization >



amd S g ]y
—VXp=3dx—p, 7IXp=VX—p
Vx [y —=(—Animal(y) v Loves(x,y))] v [y Loves(y, x)]
VX [dy = Animal(y) A —=Loves( %,y )] v [3y Loves(y, x)]
Vx [dy Animal(y) A —Loves(x,y )] v [dy Loves(y, x )]
b pusio 5l 3,lasbial 45
Vx [dy Animal(y) A —Loves(x,y )] v [3z Loves( z, x )]
il plgSl
Vx [Animal( F(x) ) A —=Loves( x, F(x) )] v Loves( G(x), x )
((sogos ) loygu Bl 0
[Animal(F(x)) A —Loves( x, F(x) )] v Loves( G(x), x)
AP 3
[Animal(F(x)) v Loves( G(x), x )] A [-Loves( x, F(x) ) v Loves( G(x), x )]
1 gaiio (5 3w & ylalint
sie Syl Gl Slgiel e Sy g 48 el pite Gk jee 2 oS Cusline cpl & (gile 3 Ll
oozl pliod (glapiio jl jow 93 & [V X, p(X)] V [T X, p(X)] Jto Mo sly cplplis 08 olizl
201555 ey (28T Sgon Bl o yges Liny By a3 s ey e | o it S (S pb b S o
[L (LS 2 50Shas 0 Sy ygu po 3,5 o0 g0 ygus 3,Skos 0> & g L e slopl o5 ol
oo bl TL) Ly g
Vx [Jy Animal(y) A —Loves( x,y )] v [3z Loves( z, x )]
PU ST it ali (59 b 092y ST 5 00 dgamme il (53929 b oges g 039> )3 (Syite ] 14K
5yl
sl 00 gae P 53 39250 X 5 3031 G 13 35290 X 3o
= Ix [pxy)]  qx)
(eIl ) 59929 sou D> il B
il pyd (i oole Sy Lise b pyd (e jle SO T X, WIX) WS 08
3o B WX) 3 X gl 4y g Gl ) € e (26 jlaiie a3l5 (oges 5w g 05> > IX 5]
& Jolbs g 00,8 bl ) Fuslen (b 08b I[V 1, Vg, v, Vign ] (ages slaygw 0jo> 50 X 51

D dalgs W F( Xy,....... Xn ) &g
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Aloy dxgi aisej cpl yd Jle M

IXp(x,y)

VX, y p(x,y)

dxVyVz3uVv3iw p(x,y,z,u,v,w)

1o ) dr g dine) (pl ) Cond diged N> &

(81 = foualS wiine ) Sl blie des (CNF) clause s, ,S5lo a3 plas
[Vx, P(x) = Q(x)] — R(a)

(B1 = ouels (gosigs ) ol o e s 4555 plas
JyVxVz[P(x) AQ(x,y) —R(X,y,2)]

(IT-84 ) Scusl Jlis alox clause )5 55 5)l90 51 S plas
[Vx, S(x,R) — L(x,G)] — H(R)

tResolution 40 30 Jbo

s 1y 25 KB 18 35
ol yaso 40,5 51L 0l cawgd 1y Sl b (S yo .4l
ol K K Rover .o
2y cusgd |y aay 5 Rover .z
A g |y by )§ oS s S I ade 1S Gl ipSe

X wg bay)S 5l o9 e tH(X)

X g S Byao D(X) %

X lawgi (63,8 (il Covgd Lymo SL(X) %

) Vx D (x) 2L (x) VH (x)

<) D(Rover)
C) ~ H( Rover)

r_§>:EIX(D(X)/\L(X))

b 9,190 CNF
) ~D(x)vL(x)vH(x)

<) D (Rover)

C) ~ H( Rover)



S>:D(y) AL (y)

~ S pai D (y) v~ L(y)
tResolution s y¢531
w5 o ol Jgl 450 Blate sloo)lS ©yg0 ) oS> LAk g Slesyd bl
w8 oo s Jolee SCNF & CNFuay o)li5 s (o9, b1 o5 (2 g olus g i
oy 285 4 B oS oo Jloe! Siloj U dsgeme ol & |, Resolution g8 d1i
~D®) vL (x)vH(X) ~Dy)v~L(y)

~.

~D(y) vH (y) ~H (Rover)

N

~D (Rover) D (Rover)

o

) 28LS 4
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:Resolution fawg West ;993 p s20 LS

S American(x) v - Weapon(y) v - Sells(xy.z) v - Hosrilefz) v Criminalix) ‘ ‘—| L‘rr’mr’nn({lrt"esr,l‘

> > > > >

e ) 2

American Wesr) T American(West) v 0 Weapen(y) v 0 Sells{Westy,z) v 0 Hosrile(z)

|

‘ - Missile(x) v I.L'a'.'pn;rr.':J| | -1 Weaponiy) v - Sells{Westy.z) v — Hostile(z)

|

Missilel M1 ) - Missile(v) - Sells{West,y.z) v - Hostile{z)

- Missile(x) v — OwnsiNono.x) v SellsiWest.x Nono) | - Sells{ West M1,z) v - Hostile z)

]

| MissileiM1) | - Missile(M1) v — Owns(NonoM1) v - Hostile{Nono)

T/

Chwnsi Norma M1 ) - Owns{Nono,M1) v — Hostile{Nono)

| 1 Eremwx.Americal W Hostilelx) | =1 Hostilel Nora ) ‘

‘ Enemyl Nono, America) Enemy Nono,America ) ‘

=] ==

tResolution &g 4 jake,TunaJlo
Jake owns a dog
Every dog owner is an animal lover
No animal lover kills an animal
Either Jake or curiosity killed the cat, who named Tuna
Did curiosity kill the cat?
A. 3dx Dog (x) » Owns (Jake ,x)

B. vx [ dy Dog(y) » Owns(x,y)—=>Animal lover(x)]
C. ¥vx Animallover(x)>Vvx Animal(y) > ~Kills(x,y)
D. Kills(Jake, Tuna) v Kills(Curiosity, Tuna)

E. Cat (Tuna)

F. vx Cat(x) > Animal(x)



e A1. Dog(D)

e A2. Owns(Jake,D)

e B. Dog(y) » Owns(x,y)—> Animal lover(x)

. Animal lover(x) » Animal(y) » Kills(x,y)>False

C
e D. Kills(Jake, Tuna) v Kills(Curiosity, Tuna)
E. Cat(Tuna)

=

. Cat(x) > Animal(x)

’ Dog(D) ||-Dog(y)*Owns(x,y)=>Animallover(x) ‘
{y/D} Animallover(x)*"Animal(y)”Kills(x,y)>False
’ Owns(x,D)=> Animal Iover(x)‘ ’Owns(Jake,D)‘ Cat(Tuna)
{Jake} {x/Tuna}

’Animallover(dake) Animal(Tuna) ‘

«{y/Tuna} ’

’Animallover(x)"Kills(x,Tuna)%FaIse ‘

{t
| Kills(Curiosity, Tuna)->False

{x/Jake} ‘

Kills(Jake, Tuna) ‘
| Kills(Jake,Tuna) |

{}
False
sl slas F1 !
O Cul See ol WD Ll cél salgs 1) ST g Cyee > Resolution (¢l payw cuiy 5p,l8
235 oo Moty 5 slacs il hg) ol LB 290 sl 8L
9ty (w25 ) coglyl
e ) Jhd G lass eMas 5l (S a8 340 odlizel Resolution ¢l 5l olKis s o s 5 g, o)
ol Lo a8 sl oyl gy ol 53 g3 ge 0kl il (W9 e 0akel Unit clause )b ) K lais o
S )b SesS e &5 350 el Cogyl plagliiul 4 cwl e I S obel B
S sS Ay Mg 4 e adeen PV Q V Rule 6,50 des jo 4 P asile des & ¢l Resolution
S ol Resolution jl as o ya ¢ )3 45 cuol Resolution jl (gagase g8 wsly coglyl .95 0
osp b 4 L oSl el Lol g oS IS ey e3Tmal ol b (Unit clause ) asly o)ls
Ll Jol8

unit preference '
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2 ol 48900 I
5 ean cal e (S5 el Lol s Mbo wigd o b6 w5 Resolution jl eslil j3 a5 olapsss
Slasgemo pj ololis b ogy opl ams o pbl 1) I8 cpl olusiy degosme 39, -390 Bls Resolution
;500 dlen b )l dcgemme jl (glales ReESOIULION yo .08 0 g luiy dcgeme pb 4 Mo
O ol 5 4 o iy dsgerme ST S o BLSI ity dsgarme & |y 4D g WS e S 5 o]
iy deguine slyy canlish Q] S, oged (] 3 b dblgh K8 s i (5L AL SosS
WS e g ) S lacs o cunl cujo ool G Gy dsgeome (g3l el 0,8 Sl LU ) o oSl
il LS Ban gy ol s sl e ol 3131 s el el oS

P99 9 W LIII

o oS 5o dles S L1y ((Liwp L KB 1) (63459 oMes 31 S Resolution e g5yl oyl
(e ol caoll )3 a8 e edlatul gy cpl il cl (gygme JSKS (gl)ls a5 WESE 340 pyme sl LS
b Gbel KB 1 by S 5 Sy 05 ol (9399 il 3120 51 298 ( ¢l51 ) Modus Ponens 58
Qg Cogo & & il oGl (sl (639)9 Sl &5 28 ond cplply S e oS SMex S L
sl oSG S el s Lol wisly JolS sz

Slgew IV

Jhe olgie 4 a8 o Bls KB jl ciiwn KB 359390 dlos 6 5l ol clls a5 1) Mo plod o9, o0
S8 ©ygo 4 KB (6)lS 4 gy ol wcanns P(A) 99381 4 5l il 39250 KB 3 P(X) ales (31
a3 o il ) oiuwe (slad doi ) g AS 0 SaS

set of support '
Input Resolution *
subsumption *



Juad BT (G &Y g
88—87 Jal p 5
bt glitul b degase (pl 5l ban 35 5| SeolaS sl 9390 5 3D degasme (il oKl G
Sl
—K(x)v M(x)
=K (x) A Q(x)
L(N(x) AM(g) A P(x,y))
—0(ali)
K (amir)
L(ali)
Q(ali) A M(amir) . P(amir, ali) ..l
K(amir) = P(ali,amir) .» N(amir) v —K(ali) .z

Sl blie cMor dlate d5es ) slovan 35 5l Solss” 2
dxcat(x) A owns(Hamid, x)
Vx(3y,cat(y) A owns(x, y) = animal — lover(x)
VxVy(Animal —lover(x) A animal(y) = —Kills(x, y))
kills(Hamid, Puya) v kills(Behzad, Puya)

Fish(pupu)
Vx(Fish(x) = Animal(x)
—kills(Hamid, Behzad)
ol 0,5 0w gd e . ol lo 5B 51500 2l
Caol by BB a5 L cusl by BB dges > ol Do BB dpos b ol bgy P 01500 .z
88—87 pgo p
Sacn ((unification ) (gl (s bByp; olile jl zg; o8 .3
{P (f(x), f(x)) { P(f(x),y) 4
P(x,x) ™~ P(y,f(x))
{P(f(X), X) { P(x,y)
P(y, f(y)) P(y, f(x)) €
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( forward - chaining ) g i 5l 0p50) w0 5l g puilb 4zl 1y 5 i oL &S Syge ,» 4
Sl oo (olowwd BB ool da puled ool

VxShiny(x) — Niceweather(x)

VxV'yHealty(y) A Niceweather(y) — Gotoswim(x, y)

Shiny(Saturday)
Healty(A min)
VxGotoswim(x, Friday) — Healty(x)
Gotoswim(Ali, Friday)
Shiny (Friday) .« Healty (Al1) .
Niceweather(Friday) .» Gotoswim(Amin.Friday) .»

Soss ol Jo 4ye Gibie g o sl 45 il oSl Sy Sl ]y s mealys e o alSn S
Sl 5 cuslio nj Sbbe) j1 SealsS o o2

s Jol i il

( Forward Reasoning ) g, JYal .o

( Backward Reasoning ) g,u JYawl .z

( Generate & Test ) (905l 5 155 (soomins

89—88 Jol p i

<l (Unification ) jl ks LB R(X), F(A), F(z) o)le b p; olle 5l Swlss” .6

R(F(z), x,F(B) ) .« R(F(z), F(y), F(x) ) ..l
RCE(y), y,x) R(z, F(z), F(B))
89—88 pgapy

sl 05 Ol 93 jlo (LSl () (seses o) sl A4S 5l el T
Unify (knows(Ali,x),knows(y,t))

{y/ali,x/t} .c {y/ali, t/f(x)} .l
- il oSS BB alyle pl {y/ali,x/ali,t/al} ¢
el i 5 15 (laolSoly 5 KuolS (s, 2" g e Bhate 13 gty (sloyerss " s B
P(x)v O(x) = R(x) P(x) A—Q0(x) = R(x)
P(A) R P(A) .l
0(x) —0(x)
P(x) AQ(x) = R(x) PxX)AQ(x)= R(x)VA
P(A) 2 P(A) -z

0(x) —0(x)



S0 00 03latsl o gliitl (sla by jl Sealss” (prolog ) Selgy by »» 9

gy 030505 Y diwl .o gk 0,555 Y awl .all

( backtracking ) 5,5 s JYaswls @l e b ol .z

el 01 Dbl Jgl 4o Blate 53 gpdn (slopass wys8l olre I SeldS gy e () oi,51.10
oS llail als o ais o yials.Call

Do AiSy ) 93 9wl )15 e p3 &5 Jlgld (g bbbl jl xS sl o

<Al Jaw)a G b oS d’li} L;L(b&(,x.‘é\s J.Jy )" d/uf9l> ¥

ol ogs Jol8'

89 ylwbip y

Sun ((Unification ) il ol LB 55 olile 5l zg5 plus.11

P(f(x),x) P(x,y)z P(f(x),{(x))c P(f(x), y ).l
P(y, f(y)) P(y, f(x)) P(x,x) P(y, f(x))

90—89 Jo! p

$Dgu o0 39]9); 5 Lg)])gé' sl b dguoel (goomiws cel i Mles 5l oy ,al.\§.12

path (X .Z) . — path (X .Y), link (Y.Z). path(X . Z) :=link (X .Z).
path(X . Z): —link (X,Z). o path (X ,Z):— path(X .Y ) Ilink (Y,Z). &
p(X.IX1YD. append(]],Y,Y).

PXYIZ]):=p(X.Z). > append([AIX LY, [AIZ]):—append(X.Y.Z). &

90—89 pgo p

Sl 9% gl 4 yo 3late 1> o) allucs. 13

240 obel (ol FALSE 5 4 Clnl alea ja (ol TRUE sl sl ine 4 g maeuad 2 pledal )
(Mbs

ol oy o 0 2 el dogs .l

O IR A PO I 35 i kbl g &
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90 oyl
sl (9929 9 (o905 Glayg Bl I gy 05 Ol S plis 14
Vx[dy Animal(y) A ~Loves( x,y )] v [z Loves(z, x )]

[Animal( F(x) ) A ~Loves( x, F(x) )] v [Loves (B, x )] .«
[Animal( F(x) ) A Loves( G(x), x )] v [~Loves( x, F(x) ) v Loves( G(x), x )] .«
[Animal(A) A ~Loves( x, A)] v [Loves( B, x)] .z
[Animal( F(x) ) A Loves( F(x), x )] v [~Loves( x, G(x) ) v Loves( F(x), x )] .»
0lS5] sl Cansys lio o)l 31,15
Loves( Father(Bill), Bill )
{Loves(x, y) A~ Loves(y, x)
Loves( Father(Bill), Father(Bill) ) ... ~Loves( Bill, Father(Bill) ) ..l
Loves( x, Bill ) .» Loves( Bill, Bill ) .z
Scwl plS 5 o)le > ( Most General Unifier ) saus LS o gple .16

P( X, F(X), M(bill) ) P( bill, F(bill), Y )
[X /bill, Y / M(bill)} .. X/ bill} .

{Fbil)) /Y, X/Y} » {X/Y} ¢



91-90 Jof p 5
site X,Y,Z 5 e yolie D,C ) Sl blis cple g0 jlo Sy iy oses b 4y S 5 Sels' .17

(.
Rel(z,C,D,F(x)) Rel(P(y.y),y.z,x)
{y/C, x/D, x/F(x)} -¥ {v/C, x/D, x/F(x), z/P(y, v)} -
TIPS WK VR FECE IS I {y/C, x/D, z/P(C, Q)} -¥
92-91 Jol p i

) Sl glizal BB (ool 4 cgpiny 05205 wiyeSl 5l edlisl g 5 Gl oSL O b 1 selgd 4 a2 118
(wn el clsles C, B, A, D
SB) (...Q(A) ( P(C,B)(~ P(A,D) (il
1) P(A, B)
2) Q(A)
3) R(D)
H v P(x,B)= Q (x)
5 vx vy Qx)AS({Y)=P (X,¥)
6)vx RE)= SE)
s—z—l 4 s—z—o 3 z— 2 z—o—dl.l
e Canyd (53l sl 2218 3,50 53 g5 pliS 19
Casl (93929 s 41 (o905 s S Ald 53l Wyl ]
ol (oges jom 4 (92 sow A5 A3 (il plgSl 2
ol (o505 g Bl ld gl oSl 3
sl (£3929 ygu0 Bl 1515 (gl WoSl 4
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> 1
z 2
<l 3
il 4
z 5
> 6
- 7
> 8
< 9
- 10
] 11
- 12
| 13
- 14
] 15
- 16
> 17
< 18
> 19




Juad BT 2 yii Y gu

88—87 pgopy
28 o Jgl agye shaie)y (CNF) (tlae Jloy JS3 1) o5 o)l
Vx[VyAnimal(y) = Loves(x, y)] = [dyLove(y, x)]
Il j slize & &S
Everyone who loves all animals is loved by someone
88 ylwbip y
Ao 4 |y 5 ua (Resolution ) lso gl oacls jl eslwl L

Kills(Curiosity, tuna) :_sia

Vx[VyAnimal(y) = Loves(x, y)] = [dyLoves(y, x)]
Vx[AyAnimal(y) A Kills(x, y)] = [Vz—Loves(z, x)]
VxAnimal(x) = Loves( jack, x)

Kills(jack,Tuna) v Kills(Curiosity, Tuna)
Cat(Tuna)

VxCat(x) = Animal(x)

89—88 Jaol p i
$)S aoxl, Criminal( West ) olgce LT aiil 5 @90 4 Jgl 4550 shaie 0 &Mer & ()0
(o305 1/5) a8 il ]y 55 4y )ai gy (lo o o psS1 y cll
(0502) .aukes (Resolution) el oo b .o
D)Vx, y, zZAmerican(x) A Weapon(y) A Sells(x, y, z) A Hostils(z) = Cramin al
2)AxOwns(Nono, x) A Missle(x)
3)VxMissle(x) A Owns(Nono, x) = Sells(West, x,nono)
4)VxMissle(x) = Weapon(x)
5)VxEnemy(x, America) = Hostils(x)
6) American(West)
7)Enemy(Nono, America)
89—88 pgo p
2350 5l 3 ) s alie
Sge (53l unlypel o> &S 5igh 59 Canl py2 meoliie Jlo 4 Slomls (g8« 2pel S sl "
"l o B el (1S5 pol G A Gy Sty 1y LiolaSiige olod g 3yl

(0305 1) 8" Lol Jol 4y e sloaty ©j90 a1 1) 98 alie il
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0/75) S oy " el e Ky Cansg” aSt] S (glys eg i glope) poiysS) Ay il ey o
(oo
89 ylwbip y
dlil (gilubiar g sl Sy (25 (mges 9 il GleSe (3925 sow 13 il plgSl (sages Hpw Sl
( subsumptin lattice ) Jgois a5 o (OCcur check ) g489 o))y ¢ ( standardizing apart )
0 oy |patsie Jio b 6 ja )
90—89 Jal p i
"] o S s ] Ky e A 5 ki e el " g S a3 1 bl dles
X yoh xe &) Headof(h, X ) sie a5l s Jol aye slaie (b5 1) (393 o JU 5 paie .call
Swles ool Animal(x) o Horse(x) (el
gy ilae Jlop S 4 ) dlox oo
a5 so A piie 1 JI &S > ol el bawgs
91-90 pgd p 55
218 Jlosl |y oy oz 59y 2 1) CNF & Las
vx [Vy Animal (y )= Loves(x.y)]=[3y Loves(y.x)]

92-91 Jgl o5
apled Joas (CNF) ke Jloys S5 41y gl sy lato )3 1) 25 e
vx [Vy Animal (y )= Loves(x.y)]=[3y Loves(y.x)]



