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PN TRV Ve PER

Vv

SuBsT({v/g}, )

(universal instantiation — Ul) _oges (¢ li5diges @

— (ground term) s>l L5°3‘9 S5 L (V) JuE S u.g)i:b- 5l me- dlo> Y-S
ol Zlictwl LB —g aile

Va King(z) A Greedy(z) = Evil(zx) : e

{z/John} {x/Richard} {z/Father(John)} -+ (b ;5L

King(John) N Greedy(John) = Ewvil(John)
King(Richard) N Greedy(Richard) = Ewvil( Richard)
King(Father(John)) A Greedy( Father(John)) = FEwvil( Father(John))

L

~
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) o 25 ol
SuBsT({v/k}, a) (existential instantiation — EI) (¢3¢>9 (¢ )li5diges @
L5l 2390 KB 3 a5 s Sl oles K L (V) puxte SO (0500 51 o> dlos
Cawl gliczwl G (k)
D¢ o sl Skolem ol S ol
Jz Crown(z) N OnHead(x, John) : e
Crown(C7) A OnHead(C, John)
Bl 1) (62929 9 (9l dloa lio (92929 IS Hges Jlas] I s ©
55
(inferentially equivalent) cuwl ply Juol KB b zlizwl bld 51 Lol KB
ol 1ioeli )] ob (6395 you Lo 5l ol KB sl piuels)) Lol KB 31

© y
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FOL-KB & (gilwsloylis @

dSgbse il der S by (03929 () Ages Jlosl b (63529 j90 2 @
Job) (s M plo5 Ly ogos (6350305 Jlos] U ragas 3o 50 ®
S9dse (Nl (KB y3 39290 Sglate (o3biy slaojly plos
Canl  pliel Soo SMax dlaws b 26 Jols KB 3]
Father( Father( Father(John))) : )b
ol ¢l WL FOL-KB S 5l plidl LB (glakos (ST:Herbrand (¢ %5 @
Silwsloyl KB o Mes 3l alie (slacgomms s 5l oolaiwl b SLSI pl 5l
D10 3¢9 04
FOL-KB & (sloyl55 Joleo  oaiol 38l bl

© y
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FOL-KB < (gjluslo,l;S @

Cosl Jo5" o9, (0l @
KB jl o o plidl pas 3550 50 (655 pranl cilgs 3929 )90 55 Lol @
Cowl (semidecidable) plouenaidos Jol a0 slaio )0 plidl )y

ey 3D 4 39 o Mgi L ol Mes (3L slaws (glwgley);S il E > @

)5 5l s el
(unification) LS)L“’UL*‘S" 9 (lifting) é.d); ipgd 3)5\3'9) ®
FOL ;5 (55,5 d‘).g (Modus Ponens) (R 09 Ol @
FOL ,» (resolution) z3, g8 ®

L




Jol 459 gl yo zli!

Sl S syl Al Al 3925 0 (ujS0l> q 9 Py s b Mo <l ST
o551 Subst(0, p’) = Subst(0, p,) el aslyi o
P1's P2's ---s Pn's (PLAD2A...ADp=q)
SUBST(#, q)
cIYD dles b).w Cromd 4D dg>go L;L&a)ﬁi:a L;‘).g (9) u.u).i:b S5 O‘9I’. ;‘ ¢
| ol dlor oS3l S (g3l 1) Ll &8 Ly (p”)) KB edhe g (p)
Ll o oty SV don Chond lo e 4 050l lesl

LS eSS 1y dlisee dlaie OMes aS 5l ola 03 S s w sl @
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Silwpluse ©
315,85 oy (unifier) ouisS s SO K] Sygo 5> dos 93 yo slp @
UNIFY (p, q) = € where SUBST(6, p) = SUBST(#, q)
Silolesy Jlosh 5l 18 a2l 03,5 oalitul (Slusy jeaio jl alox 55 2 ST
e b S 1 (S5 (sl yiio 100 (5Ll kil CMen (gl yuate Lo,
UNIFY (Knows(John,z), Knows(x, Elizabeth)) = fail 30 g o3l PL;
UNIFY (Knows(John,x), Knows(x17, Elizabeth)) = {2/ Elizabeth, 217/ John }
P 0255 My bl bl 3929 dlor 93 (gl oS pluse So 5l i ST®
Cawl Yogllhs CuwliSs &S (most general unifier — MGU) 008 LSS
S o a3 )0 B yiie pdlie (69) (6 )eS (Slacadgie

UNIFY (Knows(John,z), Knows(y. z)) W/ John,x/z}
N\ {y/John,x/John,z/John} J
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Jol 4255 owre o) le @
Ll e @
5 o slolai) ibae (oS5 Lol by Cnd o ilate Y3 O3l ®
Qb odd o eges jow 3l dlawl b alg o M @

King(z) N Greedy(z) = FEvil(z) . A yuiio lod) 5 _am
King(John) .

Greedy(y) . R

22U oo g 51 a5 Bl Jgl a0 ure slac)le Jols 248 KB ST@
Ls5 oo datalog G ol 4 w8 o5 ool
JS dlax 510l oUlie KB 5l 44K 5o glcwl
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939> (g0 20 @
el slole b oKB 3 o)l shate (sl 9)5le (g5 ilo @
Caw! odlaiw] J.:l.e
kol by &5 (Mo 1) IS 2k 090 (998 09290 ale> 5l g9y L@
1S o 4L KB &y 1y bl does g Jlael 0l 04 0351 5
b 29 BLAT KB 4y (s dlon b a8 59500 ,1,85 ol b4l )8 ol @
S5 48Lsl (g dlox
KB )5 59350 dos & | (renaming) ciglate (¢35l0%06L G oS cwl s (glalos
(15315 Ui Pl > glas La) il

Cul Jol5 g cae 2 pi)sN S5 @
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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.

ool Cowdy Jol dx)d e Oyl @

American(z) N Weapon(y) A Sells(z,y, z) A Hostile(z) = Criminal(x)
Ouwns(Nono, M)
Massile( M)

Missile(x) A Owns(Nono,z) = Sells( West,z, Nono)

Missile(z) = Weapon(x)

dx Owns(Nono, x) N\ Missile(x)

Enemy(x, America) = Hostile(x)

American( West)

e Enemy(Nono, America)

8




Owns(Nono, M,)
Missile( M)
American( West)

Enemy(Nono, America)

American{West)

Jol 459 gl yo zli!

99> sy 5l Jle ©

Missile(M1)

Owns(Noro, M1 ) Enemy(Nono,America)

~
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99> sy 5l Jle ©

Missile(z) A Owns(Nono,z) = Sells( West,z, Nono)

Missile(x) = Weapon(z)

Enemy(z, America) = Hostile(x)

Weapon(M1)

Sells{West M1, Nono) Hostile(Nono)

American{West) Missile(M1)

Owns{Nono,M1) Enemy(Nono America)

~
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99> sy 5l Jle ©

American(z) A Weapon(y) N Sells(z,y, z) A Hostile(z) = Criminal(z)

Criminal(West)
Weapon(M1) SellsfWest, M1, Nono) Hostile(Nono)
American{West) Missile(M1) Owns{Nono,M1) Enemy(Nono, America)
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gIRE (S0 @

JB Ll axs cond & e goal) Ban dex 5l gy L
039l 2 s 5 335 oo a8 ) |y s KB (L5 Mo b (g3l
WS (oo oy 1y SMar ol b pd Cannd

Vg o My (oo slaclsn plad lily paio (gl Ban aler ST

2lad (S @b g cwl (iS5h ©ygo @) Jol Bos piyesl S @
KB &Mos dlawd &y s Jos
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Criminal(West)

gyde (g Jlo @
Criminal( West) :(8.n dlos ®
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gyede (o) e @

American(xz) A Weapon(y) A Sells(z,y, z) A Hostile(z) = Criminal(z)

Criminal{ West)

American(x)

Weapon(y)

o

Sells(x,,z)

{x/West}

Hostile(z)




American( West)

Jol 459 gl yo zli!

Criminalf West)

American{West)

Weapon(y)

)

o

Sells(x,y,z)

gyede (o) e @

{x/'West}

Hostile(7)




Missile(z) = Weapon(x)

Jol 459 gl yo zli!

Criminalf West)

American{West)

Weapon(y)

)

o

Missile(y)

gyede (o) e @

{x/'West}

Sells(x,y,z)

Hostile(7)
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Criminalf West)

Missile(M;)
American(West) Weapon(y)
Ul
Missile(y)
| y/Ad1}

o

gy (g o) Jlo @

{x/West, y/M1}

Sells(x,y,2)

Hostile(7)
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gyede (o) e @

Missile(xz) A Owns(Nono,x) = Sells( West, z, Nono)

Criminal(West) {x/West, y/M1, 7/Nono}
American(West) Weapon(y) Sells{WestM1,7) Hostile(z)
11 | #/Nono }
Missile(y) Missile(M1) Owns(Norno,M1)
{ ¥/}

©
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e (g pon; Jlo ©
Owns(Nono, My )
Missile(M;)

Enemy(z, America) = Hostile(x) |Criminal(West) {x/West, y/M1, 7/Nono]
Enemy(Nono, America)
American(West) Weapon(y) Sells(WestM1,7) Hostile(Norno)
tl | @/Nono |

Missile(y) Missile(M1) Owns{Norno,M1) | | Enemy(Nono,America)

{ M1} ) t t

o
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9 s (gl o) Sl @
SIS (Flee Slaal) slacdl
ool Cuwdy (subgoals) Sl Glaal (memorization) (¢l blu : >l
alizal cladils o
$29 o Jl xS ol sl Sl (stack) andy S (8,5 Hlai > 1 J>ol,
FOL ,> (resolution) z8, g5 ®
OMes Sl jo s oyl 5l eolaswl @
235 el ) KBA T 51 30 o piie KB 5l O ales
3l CNF & jgumy 1L S @

inferentially ) slizwl Joleo &8 CNF aes & 4y wilgs o FOL dlos ya
9 o Cawl ] (equivalent
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CNF & FOL &Mes a5 @
Vo Vy Animal(y) = Loves(z,y)] = [y Loves(y,z)]
oYy Bls 1
Vo [-Vy —-Animal(y)V Loves(x,y)|V [3y Loves(y, x)]
ol brojly cudy y> ladd (& B9 ()52

Vo [3y —(-Animal(y) V Loves(z,y))| V (3y Loves(y, z)]
Vo [3y —-—Animal(y) A —~Loves(z,y)| V [3y Loves(y, z)]
Vo [3y Animal(y) A ~Loves(z,y)| V [3y Loves(y, )]

W yuxte 9,8 O M6kl .3

Vo [3y Animal(y) A —~Loves(x,y)| V [3z Loves(z,z)]

© y
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(40l5]) CNF & FOL &Mas Jos @
£39>9 sl Jyw (Skolemization) O3 )5 Skolem .4

&g 3 (EL) (63925 )5 0g05 sl Ll (cog0e ju0 S5 53 (6352 y500 5]
>3¢5 oo 0dlatwl Skolem
Vx [Animal(F(z)) A ~Loves(z, F(x))] V Loves(G(z), x)
(P GOE LSL“)%‘” Ol .5
[Animal(F(x)) A ~Loves(z, F(z))| V Loves(G(z), x)

e oS 5 Gy had cuS S iy 6
[Animal(F(z)) V Loves(G(z),x)] A [~Loves(z, F(x)) V Loves(G(z), )]

o
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&) opl ®

al>yo 93 Shl> g oIS slate )3 @8) (P8 Bl 5 a5 @
S SS lgn oS andly g g Lad) 95 «)le 93 0 ,S1:(binary) oUg> z3, ®
olSST UNIFY (£, =m;) =0 0,8 ¢5lus S (6,500 (&5 L 1, Ll

[1\/-.-\/&., myVee\Vm,

SUBST(0, {1 V -+ Vg Vg Vo VOBV M Ve Vg Vg VeV imy)

2 odd 4B )S b ) (gl lush) gileplusy b6 slalad) : gjlwosks @
Bga 0> Ll bl o 88 5l Jols @l 3 b (2Ugo 88, pKn

Cosl o8 (s5loosles 5 (2Ug> @8) uS ) @8) 19 ©

~
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:CNF ¢ ,0 KB ®
-~ American(x) V —~ Weapon(y) VvV —Sells(z,y, z) V = Hostile(z) Vv Criminal(x)
—Missile(z) V = Owns(Nono,x) Vv Sells( West, z, Nono)

- Enemy(x, America) vV Hostile(x)
= Missile(z) v Weapon(z)

Owns(Nono, M) Missile( M)
American( West) Enemy(Nono, America) .
—Criminal( West) 04 (5 SAn @

o
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KB

~a (asl) Vo ®

=American(x) v ~Weapon(y) v =Sells(x,y,z) V~Hostile(z) V Criminal(x)

=Criminal( West)

American(West)

=American(West) Vv -Weapon(y)V =Sells(West,y,z) V =Hostile(z)

N

- Missile(x) VWeapon(x)

~Weapon(y)V ~SellsiWest,y,z) V ~Hostile(z)

Missile(M,)

- Missile(y)V —Sells(West,y,z) V-Hostile(z)

= Missile{x) V-Owns(Nono,x)V Sells(West,x,Nono)

~Sells(West,M,z) V -~Hostile(z)

Missile(M,)

=Missile(M,) V -Owns(Nono M, ) V =Hostile{ Nono)

Owns(Nono M,)

~Owns(Nono,M,) V =Hostile{ Nono)

=Enemy(x America) V Hostile(x)

=Hostile(Nono)

Enemy(Nono,America)

\&E nemy Nono,America)

~
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&) oo Jloel ¥ o ®
Everyone who loves all animals is loved by someone.
Anyone who kills an animal is loved by no one.
Jack loves all animals.
Either Jack or Curiosity killed the cat, who 1s named Tuna.
Did Curiosity kill the cat? ;
FOL L b dlus lu®
Vo [Vy Animal(y) = Loves(z,y)] = [Jy Loves(y,z)]
Vz [3z Animal(z) A Kills(z,2)] = [Vy —Loves(y, )]
Vax Animal(x) = Loves(Jack,zx)
Kills(Jack, Tuna) v Kills( Curiosity, Tuna)
Cat(Tuna)
Va Cat(z) = Animal(z)

— Kills( Curiosity, Tuna)
©

10l 5 On @
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(o)) ¥ Jlo @
Animal(F(x)) V Loves(G(z),x) CNF &g KB @
- Loves(z, F'(x)) V Loves(G(z),x)
—Loves(y,x) V ~Animal(z) V -~ Kills(z, z)
- Animal(z) vV Loves(Jack, x)
Kills(Jack, Tuna) v Kills( Curiosity, Tuna)
Cat(Tuna)
~Cat(x) vV Animal(x)
-~ Kills( Curiosity, Tuna) o &5 (OAn @

Cowl aiS |y Tuna S 4 il Sw Kills(w, Tuna) slg o o ®
- Kills(w, Tuna) .CNF Cygo &y ]

©
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(aa) ¥ o ®

CatTuna)

~Catx) VAnimalx) | |Kills(Jack, Tuna) V Kills(Cuniosity, Tuna)| | ~Kill{Curiosity, Tuna)

L

N

~

Animal(Tuna)

~Loves(y, x)V ~Animal() V-Kills(x, 2

Kills(Jack, Tuna) | (~Lovestx,F(x))V Loves(G{x), x) | | ~Animal(x) VLoves(Jack, x)

e

~Loves(y, x) V=Kills(x, Tuna)

Lovesly, Jack)

Z /
~AnimallF(Jack)) V LovestG(Jack), Jack) | |Animal(F(x)) V Loves(Gi(x), x)

\_—

Loves(G(Jack), Jack)
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e 50 S e S 53 e K0 4 gl gla om0 ke ®
D g (non—constructive proofs) o jlw e slacslil

/N -

- Kills(w, Tuna) Kills(Jack, Tuna)

”~ \

—Kills(w, Tuna) Kills(Jack, Tuna:) v Kills( Curiosity, Tuna)
Kl @

~Kills(w, Tuna) V Answer(w)  oxi & Ban LS 3 gl e S5 51 ooliiul

o

~
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Cosl JolS @8) (1938 o Gie o oSl @
AS oo b O] ASb 4l dgn g Ban ales (gl SLII ST
b (k) SO) (S a)le S 51 (S (unit preference) (S pus 5 @

(WS (o Jos )5l (st poj aiile) conl JolS 2LS Slilie b 2lKB (55 (S &,
CJ)L:- )‘l u.i: L59l> Mo 4 = %919‘ :(set of support) uw A goo @

(Olsidy dsgoome) oA 48,5 las 3
2L (B b addgl Jgol) (639)9 adsan @8) Mo 5l (S0 i039)9 @2,
Bl KB jl ) eMes plw jl gliciwl bl <Mas :(subsumption) (¢ pSdsuis @

KB sl 455 (a8 (gl 105 0
o
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(=) sl dady (ol gl @
o (6355 <385 ¢ UL KB o g ply & JBU ool o ya5 @
Cawl 35 p3Y Jgeol dlu
ool zloswl yiled 5l ealaiwl @
sl 5k 5 (o5lw s sparamodulation 3 demodulation (yls8

P(F(z,B),z) Vv Q(x) s L Joleo
F(A,y)=yV R(y)

P(B, A) Vv Q(A) v R(B) 0 = UNIFY(F(A,y), F(z, B)) = {z/A,y/B)

Srlyp 8,5 5 » sy ol p)sXl i s e
TAY=Y T 5,5 L2+ 1 g1+ 2 ool sl

© y




(Prolog) gl w940l 9

Algorithm = Logic + Control o] wlol s ®
Robert Kowalski dJslzo ®

sles b )[f L;‘).g ¢
(prototype) 5" diges @y g 5> @
b sl oyl g bajblels (g )> @
0y (S Mg @

S KB (godimd i adol s @
Aowd pxe Olyle &yguas KB Mo @




S (w9l 9

ok O HS Lo @
Lgud g0 Eapus S i Bgp b b pusiio @
Vg oo B9y SargS B9 b ool @

S9dse 0313 (U5 () JgS g b (silas S 5 @

d9d s 0313 (U5 () €S9 pog — dhai? b (Jad oS 5 @
g oo 1> oi 5197 L lacs)le byl g dons Cuowd @

AANAB=C — C:-A,B
Jogus o0 koﬁ“?—A” Gyguo Ay g y Mo ©

~




S (s gdaols o

(zlicw]) el p glysl @
d95 50 olitul gycdie (a5 by 1@
0,05 i85 el gy 0 oyl 3 Mo s @

path(X,Z) :- link(X,Z). path(X,2) :- path(X,Y), link(Y,Z).
path(X,Z) :- path(X,Y), link(Y¥,Z). path(X,Z) :- link(X,Z).

path(a,c) path(a,c)

link(a,c) path(a,Y) link(b,c) path(a,Y) link(Y,c)

fail {}

path(a,Y’) 1ink(¥Y" ,Y)

link(a,Y)
@ s /
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