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return [(a, result(a, s)) for a in legal actions(s)]

#### legal actions and result defined in terms of successor_fn def legal_actions(s):
return [a for (a, s) in successor_fi(s)]
def result(a, s):
for (al, sl1) in successor_fn(s):
ifa=al:
return sl
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1 Constraint satisfaction problem (CSP)
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Function MINMAX-DECISION (state) returns an action. 95!
Inputs: State current state in game.
V<-MAX-VALUE (state)
return the action in SUCCESSQORS (state) with value v.
function MAX-VALUE (state) returns a utility value.
If TERMIN AL-TEST(State) then return UTILITY(State)
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for a, s in SUCCESSORS(State) do
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return v
function MIN-VALUE(State) returns a utility value.
if TERMINAL-TEST(state) then returnUTILIT Y(state)
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V& MIN(v,MAX-VALUES))
Return s,
oud )55 glacs il 319 00 Wi b Ky sl 1) iyl @U 3 ied g &0 3L 903 055> Wge (V> dipogi Ve T
wlioo (5 pmad 1) S50 S5 e adie 50103050 b 221 32 (53U o Bl Sl (g gige o g bwedle 1 LT g 031 g s
(sl pgas falptg )0 F B oy yol
L, A il e 45 w8l g (1 Jgud Sl o Lis clo ale) (30 olad Conmdy saimoplis b 2 J> I
JLre Olye d o jio0 630 5l 6500 S 4 ki ja LS o plonl (g 45 59 h oy (gowm i b g (Jge 8 Al
T ! aibise (3hidng £ 4T S 0 waie 5 o js plader skt 53k 0 Cenibe bas il (B o I
Sl (691 ol a4y a3V 45 e SIS 1 S el ool Jhes a3l ol jo il (S5 Sl LS 5L s )0 gz ge S
s Sl e 23 52 bt i s 32 eSeie plaS (e Sz o o JSd 5 gt sl o 8 Sl
72 g b 50 Bl B (o s e 5Kk 2 Gl @ eeiie b & Wl ge aane Lt g a8



G293 $95529) (£ gt Ui ga Pluss pala o pulls AN

ol 4T a5 gs b asS go 6 0S5 1y 4 )3 o st 9 4 Jaume (oaBly Sl &) S oBAS B g o e SU5L

okaze 09 4zl Lol &y 5 o (g5luooly 4 dagsye oS aly; Jlaad 4y o )l S92 Wyl 51 (ke 5o T job 1 s34
as el Srgliie ko (slacg3l 0 45 aily dails (g5l b 35 olomyl S5k dagd sl o5 el il SUG 0] 5!
aadlin e s e by UL o (silen it S 559 5 e by ol 5 S0l et o i plyie
055 balS LSk &5 Say 5l Gk o Sl lie 4ol 5b GLL S o shied (T By, gatedgw @b
S el adly a3l e g Kipan )l iy 45 (S A S 0BL 4l Sjan )5 iy (5 S 0S ey )
72 e Syl g g eati Ll Sl g )l Gloser gl | Jgazr B ) (omosloel 0ged (5L ol 5 05 (o0
RN PR PYS S [P PVIEN P X CORYON P P SOV CT SN IV GRS W31 SO R Rty PR | PP (£
L sl slod o b oS 0 S8 oS3k 4 @ cnl (U Jgead Sl @l albdie) amd ge Lt | giedgus (lod &b
S5 A 0 8ype ol @ 2yl & Olgen g lad ik 3 el S plaS g 4 Sl ol &S a5 035 25
@B oren el dl 1 5g 2 g kool 9o B8 L el ja Ll S 'Lﬂﬂ-apwwboﬁmoﬁbd
OV ) JP°S I Pt JULAN | E P SR PP X R POR i S g SRUATIPL KR KV 0 - SUNEDY L GPNEL g gV
amivo 3 1y Sl 8 s (hed) g il &*"5"5J-:95°‘ﬁ)ﬁ@')‘“wﬁwﬁ)lﬂ;“SW‘m"“‘-ﬁu‘
208 Sl padge cl 45 dwo Las |y goue asl i)l Al g 9gr dlss pdus aii &y (a8 Conidg cpl all axble
99 6l by 3b umBae vas cplamo o L5 1, 8 vae ol 5505h sl 9 17 dae b 55050 sl Sl &b ool by
S (on (g Db

o o83 IS (Sl (RIS 351 SB Vo 31 303 S50 51 S 52 30 1) (il Sledb g il G NP 7
903,5 53lwodley 1 53k baarmo 51yt 50 590 Sl yais ol yod 4 3T 059801 Fasnl sl (eiln diraS— a8 shtilins!
AS98y A Aabd pudsl (T Tl cuwlio AP (g1 507 50 ool axiF () 3l plaS sl (0S50 155, 65
ol dlda oy yod o) 2903 3 595 31 015 (55l (ghad il 5 (oMLT b S0 3L LRSSl (Bt 50 T Egdse il b Ol
(ol pgw oulyrg 0 TT.O
3 uJn_au,,tg,_. I, ol azeems i o 45" S 0,1 ol g 4y lgige 634 S o il sloolas 1z > B
il GaS 3l 45 e )T e 555 (550859 3 Sewd S 50 ol oy Bl aile) Dged attiee 00y st
—aihy iy, (Gl g 6 gl e Soglite S03L b (sl o5 SN 5 ochybo 55 (sl (3L T St
sbec)ls oSl 2 oSSl g g 3k 50 ol cslin (Jgpgige 9 0,455 wile plassl 1y dalS uSile d2eS
Fliel ) Candg 9 550,0 Bolad jebo dy 45 Cand o] e I8 Bl 10 e el IS 5 Jg cod of8T 05
25 do (Gl 9 00 (ol o 93 53k Sy by DM (il g 53k 50 g @S ST g 008 Sl
48 Col ) iy gl 0 jgee 10 GoulS S5 (F w53 st 48 Lo Sl 4y 5 (0098 plowil lS
Sga S 5l eolizl Ly g 00,8 (blw)igp |y boygly ccalisee Siloladl 13U &y a9 428 )8 Ja5 10 o8y (gl ol (golaes
1) = Mie 135S g o Sn oS08 VLo plad 1oLVl it 45 b o 51 pud Ghaked 1 Hgbc¥lo ol o stk
S92 Salgs S )8 ol 5 8 ey

abridge g3l wibo s 3Uia 9 (o5 2 39 (g 9Bl b 12 GUSLL gl 4S9 g0 (5,9 MINIMAX p3 5981 50 1.5 T
5 508 g3l corl (6101 45 a3 i 5 9b 41 1 s s8I (1092 0lps (53 (Shmy 390 oS SLET S 490 oui  whiist
63l 50 (o0 S g0 (o ya0 2929 S yge0 30 1) B 590 ouiy 45w’ iy yaf WINNER(S) pliy (ol iled g0 oS
S a5 Gl 00 05531 B.F ks 3 4F (536 Sewd ol sy
299 odip ‘)Lo.m JWINNER(S) )l ! Pgoedy PU WINNER(trle) &U )I R Q._;_' 4.:.}5| ‘_gl.bg.'_‘{? ) i |
JS8 0 1 MAX Jlade by i (Gl 0 oo o odnbiva B Laioma S 30 0y ped b (0l 0 929 Oy 10 S
Ry ;50 S Sugi )89 08 530 MAK 2l 0 lgs 0l 001, (LB 590 MAX (5036 ST i o0 2
S MAX 65 o)l5 4y (i ami 45 093 walys MIN |, MAX sloo 8 3l o5 MAX 0,8 oS0 paany bl
g Jloet 3 MIN jolie sl mmal &ilois fyeos

function MAX-VALUE (state) returns a utility value
if TERMINAL-TEST(state) then return UTILITY (state)
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then v — MAX(v, MAX-VALUE(s))
else v — MAX(v, MIN-VALUE(s))
return v
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> (truth-table "P = Q <=> Q ~ P")

F F P P \ (true\)
T F P F T
F T F F T
T T T T T
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> (truth-table "P | Q <=> Q | P")

P Q PlQ P (P|[Q <> (] 0P
F F F F T
T F T T T
F T T T T
T T T T T
NIL
> (truth-table "P ~ (Q " R) <=> (P ~ Q) "~ R
P Q R Q"R P~ (Q"R) P~Q"R (P" (Q " R))
F F F F F F
T F F F F F
F T F F F F
T T F F F F
F F T F F F
T F T F F F
F T T T F F
T T T T T T
NIL
> (truth-table "P | (Q | R) <=> (P | Q) | R")
P QROQ|RP|{WQ]R PJQ|R (]| (@]|R))
F F F F F F
T F F. F T T
F T F T T T
T T F T T T
F F T T T T
T F T T T T
F T T T T T
T T T T T T
NIL

> (validity
VALID
> (validity
VALID
> (validity
VALID
> (validity
VALID
> (validity
VALID
> (validity
VALID
> (validity
VALID
> (validity
VALID

"VVP <=> PU)

"P => Q <=>

it eiae Validity o b Wil a5 pemo o olis s wlibe b gl

Q => "P")

"P => Q <=> “P | Q")

WP <=> Q) <=> (P => Q) °

(P ~ Q) <=> P | ~Q")

(B | Q <=> *P ~ ~Q")

P~ (Q | R) <=> (P " Q) |

wp l

(Q => PI")

(P~ R)")

(@ "R} <=> (P [ Q ~ (P | R}
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(Smoke=>Fire) = (—Smoke=>—Fire) (z Smoke=>Fire (. Smoke=>Smoke (

((Smoke AHeat) = Fire)<> ((Smoke=>Fire) v (Heat = Fire)) (-» Smoke V Fire V— Fire

Big v Dumb V (Big = Dumb) (; (Smoke =Fire)} = ((SmokeaHeat) =>Fire)

(ol p g s lyr9 33 10 ¥ (33 y07 dyliio 41 poi' 1) (Big A Dumb) V — Dumb

P:..Suda solasul Valldlty tgti )l Q)L..: » )L,.:.;l Cymend Cag> :J.>

> {validity "Smoke => Smoke")

VALID

> (validity "Smoke => Firen)

SATISFIABLE

> (validity " (Smoke =» Fire) => (~“Smoke => “Fire)")
SATISFIABLE

> (validity "Smoke | Fire | “Fire")

VALID

> (validity "( (Smoke
VALID

> (validity " (Smoke => Fire) => ((Smoke " Heat) => Fire)")
VALID

> (validity "Big | Dumb | (Big => Dumb)")

VALID

> (validity "(Big "~ Dumb) | ~Dumb")

SATISFIABLE

Heat) => Fire) <=> ((Smoke => Fire) | (Heat => Fire))
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> (setf kb (make-prop-kb))

#S (PROP-KB SENTENCE (AND))
> (tell kb "Mythical => Immortal")

(tell kb "“Mythical => “Immortal ~ Mammal")

T
>
T
> (tell kb "Immortal | Mammal => Horned")
T
> (tell kb VYHorned => Magical™")

T

>

(ask kb *Mythical")
NIL
> (ask kb ""Mythical")
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> (ask kb "Magical")
T
> (ask kb "Horned")
T
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Horse(Bluebeard)

Offspring(h,y)

|Pan3nt(y,h) | Offspring(Bluebeard,y) |

Yes, (y/Bluebeard, . ST - .
&, [yh/Cl'llfarIIe} aed 028 gl L3 S0 3l pend V.08 S

| Parent(y,Bluebeard) |

| Offspring(Bluebeard.y) |
[

|
L Cusl 0y g 930 G0 (g IS5 50195 9 3305t 0 15 o sl 395 Slaloso (T yoe 5 (Sa AP
4i8 o lw! sla ey 5 dailed (0 KT Cunl (oS a3 00 (517 4w (LIS (A Jad) suisliy o5 Lnld uelyd 51 aolizuwl
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MrX 50 ] G ymo g Me §i asess 055 Jhyme sl 000 3529 X 5 0,9 o T (sigltags al, oS 055 5o 0olid
P o ol iy e Sl FX 5l g (Me j0y) paseds oy (hymo slp FM I3l < 5l onizrod oS 5o 00lizel
5l el e alstind Sl JS8 ) allacs gl il oniS g 00lid (MFX
(1) Rel(Sibling, Me,z) = False
(2) Male(MrX)
(3) Rel(Father, FX, MrX)
(4) Rel(Father, FM, Me)
(5) Rel(Son, FX,FM)

Al oo e e 1050 ol onlpla 90391 S ol oS cod MrX o, Me 4 Ll go p iy o Lo Me oS o ol b
el @ jlie (gaigliygs baify, 3550 Gudo iy lai ol
6) Rel(Parent,z,y) A Male(z) < Rel(Father,z,y)
7) Rel(Son,z,y) & Rel(Parent,y,z) A Male(z)
8) Rel(Sibling,z,y) & z # yAdp Rel(Parent,p,z) A Rel(Parent,p,y)
}

(
(
(
(9) Rel(Father, z1.4) A Rel(Father, zo.17) = x1 = o
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(@) Rel(r,MrX,y) 5l Syl w0 Lo a5 Jlgus g

oo 7 iy 9 Q Lak) s INF 224 Q596 1 dlazr oz 5 b om0 {7 /SOM,Y/Me} 5ty

6a) Rel(Parent,z,y) A Male(z) = Rel(Father,z,y)
6b) Rel(Father,z,y) = Male(x)

¢) Rel(Father,z,y) = Rel(Parent,z,y)

) Rel(Son,z,y) = Rel(Parent,y,z)

) Rel(Son,z,y) = Male(z))

) Rel(Parent,y,z) A Male(z) = Rel(Son,z,y)
8a) Rel(Sibling,z,y) = z#y

(8b) Rel(Sibling,z,y) = Rel(Parent, P(z,y),x)

(8¢) Rel(Sibling,z,y) = Rel(Parent, P(z,y),y)

(8d) Rel(Parent, P(z,y),x) A Rel(Parent, P(z,y),y) ANz # y = Rel(Sibling,z,y)
(9) Rel(Father,zy,y) A Rel(Father,za,y) = z1 = 22
(N)True = z=yVz#y

(NYz=yAz#y = False

(@) Rel(r,MrX,y) = False

(p9o sy g)pid Juad

s gl Sedae Jooly 4y olws 1B eusS eolaid S fedes; STl cplply Cans 1y pee S0 a4 (V) &5 S A
Iy Sl Jolpe 5 omnd dalol j0 oS oozl (golud b xllo JIS°g s (6l waSas (ygem¥ e 1 sy &5 0 0 LS
it 0ol la 5l (50 Al e e Dlga AT ais g0

(10) Rel(Parent, FM, Me) (4,6¢)

(11) Rel(Parent, FM,FX) (5,7a)

(12) Rel(Parent, FM,y) A Me # y = Rel(Sibling, Me,y) (10,8d)

{(13) Rel(Parent, FM,y) N Me #y = False (12,1)

(14) Me £ FX = False (13,11)

(15) Me=FX (14, N)

(16) Rel(Father, Me, MrX) (15, 3, demodulation)
(17) Rel(Parent, Me, M7 X) (18,6¢)

(18) Rel(Son, MrX, Me) (17,2,7¢)

(19) False {r/Son,y/Me} (18,Q")
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goals = [Criminal (West)]
goals = [American(West), Weapon(y), Sells(West, y, z), Hostile(z)]
goals = [Weapon(y), Sells(West, y, z), Hostile(z)]
goals = [Missle(y), Sells(West, y, z), Hostile(z)]
goals = [Sells(West, M1, z), Hostile(z)]
goals = [Missle(M1l), Owns(Nono, Ml), Hostile (Nono)]
goals = [Ownsg (Nono, M1), Hostile (Nono)]
goals = [Hostile (Nono) ]
goals = []
158 o g a7 ) P e Ky 5 Selgy wTIFATD
P(X, [X]Y])
P(X, (Y]2]) :- P{X,2)
il Connd Slos olaf (b Suled [y b fool) g OlSl s 50 P(A,]1,2,3]) 9 P(2,[1,A,3]) w¥lgu gl (&
(ol g il g 49 108 (ot o dylicn oty () T35 g0 00l P i3l 1>
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Ay g Job a4 il IS das G 40 a5 Py g Pyl ool gle 45 aimae an S gl (g 90 callosuel
i o bt 1, P 5l pgo

P(n, [1,2,3]) goal
P(1, I[1]2,31) Pl => solution, with A = 1
P(1, [1]2,3]) P2
P(2, [2,3]) Pl => golution, with A = 2
P(2, [2,3]) P2
P(3, [3]) P1 =» solution, with A = 3
P(3, [3]) P2
p(2, [1, A, 3]) goal
P(2, [1]2, 31 P1
P(2, [1|2, 3] P2
P(2, [2]3]) Pl => solution, with A = 2
P(2, [2]3]) P2
P(2, [3]) Pl
P(2, [31) P2

doe S ol 290 Hlogh )] 48 Al T 3 paie Sy Glas®, dgl aile; 10 15 weeliy Member 1, P col 2y (0

gl oo (3990 9 00ld

1, S0rted(lL) was—o 4 dmus g1 S'ela 1 3l 41 2y (G 02319 3150 Sola s 10 (65l po dy (y33ad oal ;3 9F.A D

441, PErm(IL,M) o (1 9815,5 1 15 (TUE kil 5 ya (59920 1900 4t Ls o) 151 18 3 15145 (5390 4 435 i

51 eolasimal L () sort(L,M) (z .o, p 1 true b M jl cisle SO L 145 6550k & 0usS iy yod Sole b

ol 1y Joiil 338530 9 8y 30 o BCumad 5955 1) SOIt (5 (Cawl L 3l oud 5 yo dlais o M) uss’ iy yai sorted 4 perm

b (29 Sl o Wila (5 7 8w (53 Luie 0 ot 19501 (b Tl oy Lo By (Jloj (oFhatiny 1 gt A &S 0

(ol oy (2alpa g 53 15,8 (1 pod alidio (31 ad oal) s 92 S'edg gy 01 4215 @y (3ol o
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sorted([1). (i

sorted ([X]).

sorted([X,Y|L]) :~ X<Y, sorted([Y|Ll).

perm( (], [1}. (¢
perm([X|L] ,M) :-

delete (X,M,M1),

perm(L,M1) .

delete (X, [X|L],L). %% deleting an X from [X|L] yields L
delete (X, [Y|L], [Y|M]) :- delete(X,L,M).

member (X, [X|L]).
member (X, [_|L]) :- member (X,L).

sort (L,M) :- perm(L,M), sorted(M). (&
S A Gompia iy g5 Bl 05 iy a7 g g A e il BB 5 et JSKO et acs o po ) S5 ol
Sen g axdbs L ojobie qlea M sl b L goad (i o M aS” 1 (sl a5 ol o] oo @il )} olg3 ga (g3l o
Ot s (99 0andh a5 b g amo plawil ) 8" cpl oS Cudls Lasetie dali y S lei pod ailanbie (9 .05g8 0duz iy @
ol CHRP 0 ..Lfga @i l) l@] sorted 3 J..S‘:O A._J,: l) wl...o »."A.:.:._gb b.i'l' Olo) R perm e 2 fL’u‘ ‘) )Lf
aplys adet sy O(MY) (Saum shls (sl saddsT 3,50 oyl ] 5 02l 35g0 iyo ctiBily S Ladd a5 Sloj)
Clo (i 5 SOTE JS watly o O(R) Sy ol o SOTted ,a 3 O(7) Souom sl s PEIM jo oS il 51 oy
1S go 0anlie 1, O(17) Stz b o235 ilondpe G o o 15 (B .cudls salys O(n! 1) Sy
isort ([1,11).
isort ([X|L],M) :- isort(L,M1), insert(X,M1,M).
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insert (X, (1, [X1).
insert (X, [Y|L], [X,Y|L]) :- X=<Y.
:1 insert (X, [Y|L], [Y|M]) :- Y<X, insert(X,L,M).

L) ol S 1 510 g et (iaD  punng 5ol 1 T e Uil b 0ol g 93l S lad (RS 5L 01,15 & o1 ped ol 59 16.47
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3"’ Ailyd i 9 0081 chiol Mol o3 1 .05 oLy rewrite(x+0,X) & a0 4 (lad g0 1) @ed 8020 Hlod (Jla lgie 4
9 Sk Simplify(x,y) wouws 31 iy a7 K (W .ol ol Mol S 0 a5 S o by primitive(0) ol by digd yioola
& i al;slond ezl dasl g olani R90) Wilo 8 [, true (bl X 51 glodd ool ddund Y 45 (7 )gu0 50 4T i
5t 8N s 9 a9 Tl o )8 los al> Olle (glwodln gly sucled Eaommo (. (09ai Jlosly 3 ik
rdled (5 yaF Fridin 5yt 00 s g9 Sl 5l (slas gorro (g .0nS Jlos! digad ylgie & Olle (B 1 415 095 (55luosLa
D) oS adlu 1, LT g 4B )8 3l o lod g FTlalowe Sl ls 51 095 (g5 lwodlu ucled o LT i odlisut b s g aidy
(Sl g alg 53 1V o pod 4ylln 2y po
IRVRYPPIE-U) PRI PRV IPREESE SN NPT RN JT-VN A UK JXIPROR S P P
w8 28 Colpi g G s g Silwosl g GBSl jo cd (e ligndils  Jg ) o0 0ol a3 4y (g5lwosle a5 (A
simplify(X,X) :- primitive(X).
simplify(X,Y) :- evaluable(X), Y is X.
simplify (Op(X)) :- simplify(X,X1), simplify_exp(Op(X1)).
simplify (Op(X,Y)} :- simplify(X,X1), simplify(Y,Y1l), simplify exp(Op(X1l,Y1l)).

simplify exp(X,Y) :- rewrite(X,X1), simplify(X1,Y).
simplify exp(X,X).

primitive(X) :- atom(X).

Seigzge 2y o0 by oo athl 1992 JLu o Norving o5 s 5t oad gwagijl sasls sz (o
Rewrite (X+0,X) .
Rewrite (0+X,X).
Rewrite (X+X,2*X) .
Rewrite (X*X,X"2).
Rewrite (X"0,1).
Rewrite (07X, 0).
Rewrite (X*N,N*X) :- number (N).
Rewrite(ln(e”X),X).
Rewrite (X"Y*X"2,X" (Y+Z)).
Rewrite (sin (X) “2+cos (X) “2,1).

A2l pe X piie & Caomad Y Oyl 3200 300205l A(XY) a5 028 g0 sonbin (608 Grdee Cugr s02lgd 5 10 (2
Rewrite(d(X,X),1).

Rewrite(d(U,X),0) :- atom(U), U /= X.

Rewrite (d(U+V,X) ,d(U,X)+d (V,X)) .

Rewrite (d(U-V,X),d(U,X)-d(V,X)).

Rewrite (d(U*V,X) ,V*d (U, X)+U*d (V,X)) .

Rewrite (d(U/V,X), (V*d(U,X)-U*d (V,X))/ (V*2)).
Rewrite (d(U”N,X) ,N*¥U" (N-1)*d(U,X)) :- number (N).
Rewrite(d(log(U),X),d(U,X)/U).
Rewrite(d(sin(U),X),cos (U)*d(U,X)) .

Rewrite (d(cos(U) ,X),-sin(U)*d(U,X)).
Rewrite(d(e”U,X),d(U,X)*e"U).

successor(X,Y) oS (b y=d oS g0 (i3t 15 Selapt 0L 3 emiumsr Loy 5981 (5 5kwodley o p0d onl 2 17.4°F
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solve (X, [X]) :- goal(X).
solve (X, [X|P]) :- successor(X,Y), solve(Y,P).
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Animal(x) ¢ Horse(x) (cwutX yu h)HeadOf(h,x) Wiy
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Vz Horse(z) = Animal(z) (A
Vz,h Horse(z) A HeadOf(h,z) = 3y Animal(y) A HeadOf(h,y)

A. ~Horse(z) V Animal(z)

B. Horse(G)

C. HeadOf(H, G)

D. ~Animal(y) V ~HeadOf(H,y)
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worth(X,575) :- year(X,1973}), make (X,dodge}, style(X,van).
worth(X,27000) :- year(X,1994), make(X,lexus), style(X,sedan).
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worth(X,D) :- year-make-style (X, Yr,Mk,St),

year-make-style (Y, Yr,Mk,St), worth(Y,D)
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At(Monkey, A) A At(Bananas, B) A At(Boz,C) A
Height(Monkey, Low) A Height(Boz, Low) A Height(Bananas, High) A
Pushable(Boz) A Climbable(Boz)
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Action(ACTION:Go(z, y), PRECOND: At{ Monkey, z),
EFFECT: At(Monkey, y) A ~(At(Monkey,z)))
Action(ACTION: Push(b, z,y), PRECOND: At(Monkey, ) A Pushable(b),
EFFECT: At(b, y) A At(Monkey,y) A ~At(b,z) A ~At(Monkey, z))
Action(ACTION:ClimbUp(b),
PRECOND:At(Monkey, z) A At(b,x) A Climbable(b),
EFFECT:On(Monkey, b) A ~Height(Monkey, High))
Action(ACTION:Grasp(b),
PRECOND: H eight(Monkey, h) A Height(b, h)
A At(Monkey, z) A At(b, z),
EFFECT: Have(Monkey, b))
Action(ACTION:ClimbDouwn(b),
PRECOND:On(Monkey,b) A Height(Monkey, High),
EFFECT:—~On(Monkey,b) A ~Height(Monkey, High)
A Height(Monkey, Low)
Action(ACTION:UnGrasp(b), PRECOND: Have(Monkey, b),
EFFECT:—~Have(Monkey, b))
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Have(Monkey, Bananas, s) A (3z At(Boz,z, so) A At(Boz, z, s))

9y Sl 50 s o e i oleish (gl B, 5 00,5 Cume Ban Il 554 40 aib a5 o )l STRIPS
bbb @8ly )0 (0 ma i Bam ol Gleily sl (8l nlple (23 S SIS Sl )les 9iile) el asl
‘ =238l 398 Jool, 4 |, Pushabl,

o iisly 59y 2 i o3l 45 BN (109381 41 (5 3ked 0 Sy (Sgiamsr 3 Slior badgi Wi 3 1)2 45 40 aidys O.11
33 M

e 51 0 gr e b Jolae Lad) Sy 59 pos g Ngd o ol Cute LU Laih ol Sy sl s S v

ool Mo K 4 y2io GRSy 250 32 sl iko il i STRIPS dluws S5 50 1)2 45 aubd gudyi F11 1
(Sl pgesr halsng g0 Pl o pod dilien (1 pod (511) 33 )5



(293 BUsS29) (5 900 Ui g8 Jilis pola fe pulis A

5) Sjlaise 5150 1) b 4y Cymsy ad siie il Ky ol sl Cote B il iog b iy o SlaalzJ> B
Sl Al oS e ool |y Wl Jah site i1 plo3 Bdom 13 (s g0 Bp 4y 45 goloBl 4y oyt 31 ey b
Sy 22l o )d Egoge cnl ;S0 ol anal hie 4 jloe Blaal g Log b ey

Sty sy A SLid 4dybgd sertanr U (W puiS g0 (puinpt 13 ¥ b 35 4bybgd (Gemimnsr sy YN T
g0 dai 530 4olipy 31 (g A (7 ¢ cannl jebhar iz 3kl U (pilalid 4 boys Geaiusr (0 FEul cowlio slow]
3 397 s0 S iSly Sl by T bpdihay 45 S0 039381 daliy Sy 4t (gFogeo 50 SiSly Sy ol 50 & wamd LI
SUah (sariunsr (sl 05398l oot BT Sporgd 0305 i 57 8 RIS Sy 90a s a2 45 G080 gl T Canwy 1ol
(Gl oy Shalyig 30 Wb oy pad olio (s ol (1) SCmliSy 950 Sl

e Sl ol U 5ga gSine |y Lo 2iSTy o1 38 clgioss e cal yady lSal 81y gyt 5l solizl (<ill: J> B
Pzt ) Can i LS IS Clo jo ddylogs (somnins 45 a2 g0 (LS slunt 00l plovt dis) ol 0 &5 glo IS
Olsaelin (> 9D Salys et )5 Clo L Sy g Epdge Cul 3yl (6,505 3979 pue 4 JileS 900 5 930
S E3090 it A 00308 oo Iodoma (i iles,S solizud 48 ybogs (somina 31 (Y AAA« ety 5 Kui8) PRODIGY |, kai
) o> 5O 1l T pedeoys }._n_)d.ali)..n t—(—_l_)| 4 S ) PRODIGY s (OG0E § éﬁ)lfﬁ d, J.:ll-l‘_,..o
A U:"‘S" (G BB 0 4.'||)| ‘_,.5.5)0 )L:,L-I L\ \_J}ad.o.:.l AAL‘)J AS-J"JM Sy )OS g AbY 45|)1 \_.J}a Sals” d.al.‘).n tS-l Ju‘}i'g..o
W 09958l A ASilej il st Jolo casliyy Jole plaw Lawgy A bog,b iy plos a5 998 g0 009381 (90 )0
Jud ) ol as plopasly plas 5l Gy 4 45 mad rodas U digd g0 039330 53 Uil slocsd 5 i 5 Slocadgima
aql) 395 (Semtus oy oSl C._rl| 09 e Sali A gt 5l L3 &5 by e STy gob en 09l g0 el wWiiS e
lgS o 3 eaiylad a8l Lt aSlale; )0 15 Cnsd 9500 Sl (sLad (Gamiinn allin g om0 o plawl g, it D50
9D (@l feas sla STy Lawgy a5 ol by iy dw shlo A 81 Lo olaie 41,000 s (sjlge ,ob 4 1) Lo 25T,
Sl gl d 5 yaaliy S T 50 a5 058 leish o pedand Al Sy Lawgs AilgT o aaliyy Jomoly olS5T wigd Lol By C
5% i 01, By C gD cuafylr 3! plas wily

Olrrg 30 Ve ot o dlidio o0 pod ) e d JuSii 152 9 110 Zadans oY IS Do 30 (g0 30l o 31,8 (gl AND
(Cuv’p,.u

PRVIPSN I g S PY SUPSIN W O K <P SV IV VRCIN g UL i I 351 JAPR VPSRN S ot P IR g P |
(Y 08 5ly 5 2ilgs 0 o8 (09 JU 0929 b Lomglan 15 it e Ag grdans ;0 FIy g Load plodl 5o 12 (V 1piS e
393003 )54 Sute slizl b o g dig)00 4 Sy (it Sl

B 7 05 393000 11 IF ol Ao yo 35 o i) (I 1S UG 5500l BT st 1y 05 Syl ANT
Wty daliyr Ky (gaily D50 31 ey (Jlo oo I 0 Bl o s Ly 30 BBl Sy 4 g i (5l (i By
(&u’,o,ug“g’)g’)o o be wﬁbmw_ﬂ‘#’)w

ol 50 5 dig e IS 5 K00 sl gua 40 oST wig,i I e A ye o 81 cplply wimus Wails LA (A : >
D9y gma plonl plo 8l SO dadd o gloj Al o o 50 (b 52yelipy B S 0 (0 i o s JB 5550 Oj90
5,25 g0 g0 aliyy K 43 4 el SLeldl Sl Jilaor lan (a8, ISy b oyelh i) o] o slal o) grlas Ai}m
POV FRCRIN -+ JEN IPYRCIPWEN V-2 g

540 & @iod dorgin 9 03,5 danslin o podand 31 yaaliyy U 1) 9 )0 9 9300 S SLad Sy (5 oaliy LN T
Ol 4 ol go 950 9 950t Sl SLab Sagxins WgSy & Uubd sy Cul deliy Glid St Sy 51
ol o) Saiuazy dolipy fuVl 1oy RLos o5 098y igrad 9 Sigd a2 ) G0 50 G doliyy gli Gl Faninsr Lo
(Sl pgs (halpsg 0 1V Ve (ot pod il

WS e (8 ) Cla i STy s a i oled 45 S32 4ol S5 agy i Sl shiad 5 yadl g s
sytoge ploadl 25Ty 31y llae B iloryio 5 s Ao Gl & Ll BB 55Ty oSy s adly G2l Sl
L e S o (605 |y cakn STy 51 gSins Ui o 4 S37 Aoy Sy eg o pmp o (shadd 53 ,aalig Sy
il 5L alos el el 35lail b 2asTy Ll 851t a5 sul3ly slaigs 4y allis (slazyl 4y 1, (2sSTy o5y b aliyg
S o3 3 Wllao ol a2 g0 sl [y et €008l g3 cpomrlad Wlino &) sadotinn 45 Lo Soly (Lid Wluno 15.1Y JSH NN T
3 gy S o 1y Wlaso cya il 1970 Julf 55 (6515800 (39 50 34ali o 31 K3 rud 45 39 g0 0ksali 00l g1
O 31340y St S Jo 3 yholip (513005 b b g Cawd L 1y T g 0315 41,1 STRIPS gladles &9 4 Al o
el Gy 4ol &y Joaio ol ) SO Gy sl Silgd g0 il 1S 1) G 9 G Bud 35 95 5145 Cawl (530 )40l o5 0L
Ot rod dlieo (1 pod (pal) W3S Jor 1) Wlse Lyal Sl g0d (55108 ler (a2 0 jkoli ) K 132 45 000 gl S p L g S
(Gu’,o,u&_’x’)o Y.t



(p9d Sy dppo3k Juad

M (p99 LRl gt Juad

JEIE

E9y5 > [EXVUN P4
«sussman anomaly» LSsl slss g5, adbp e VYN F S

Sl ewd e g9, > >
On(B,Table) A On{C, A) A On{A,Table) A Clear(B) A Clear(C)
S e B
On(A, B) A On(B,C) TS e 2B S
3y B 5 90 Dpd ge wpmne (Sl o S Kl e pyaelin shn 3)90 nl L & e ge medgT Izl o
o2 0 S B a1y A s 08 B3 1, C A ) ol o 05 oo S On(A,B) (54, 5 bl 0 005 (68 00 ks
On(B,C) Ban ;5 59, 5 1ozl yo 1 4o 5l 410005 OR(B,C) 41 sy sl o0l e S0 S 0l et b s
O 05ST 000,52 B o A 2o los @ boame aylh G s A2 o @t Lgh Al o S0 5 g o0 5L oSS
reoeo g9, el ;0 On(A,B) a5 Lawl jl.asS o LS 4% POP ha J3Sle 59 5jaeliy 5 a5 guto o
x' 5 st Move(Bx',C) il o ay ajlice jobo 4 Move(A,x,B) X 5 (sl i o ol) S L5 oy vy ol
a5 0T cawsy Clear(d) gm o b i 6 coil LS o5l Move(A,x,B) > 1o 4y 6,k anly 95T pras y g0
G b S el gk gow Al e 4 Sl 0gd e Jol> MoveToTable(b,4) b 3 Move(b,A,y) vy o o
PO ol o 9 St e 89,0 Sl 0 MoveToTable(C,A4) do o slals p ey plod ol il C
7> Clear(C) b,s i Move(B,x',C) i o 10 0 9929 gadg0 S5 a5 dudly a2ty dzgi andl pl33ls LT 4 pge oé
o o 5l ey Move(B,x',C) pols J113 U olgi oo |, 4555 ol ot aie s MoveToTable Ao o 4 555 45 am0 o
reeo 9,5 ol o Move(Bx',C) slabs p gy plod a5 auily azlils 28s (2ules ,0 050d 28, MoveToTable
g b 5 a al e ds ol el 1 S e Lo Wl 5 2y pLos 457 el JolS” i o iy s
MoveToTable(C, A)
Move(B,Table,C)
Move(A, Table, B)

alus ol & 1, GRAPHPLAN .oy 080 5 0 1) wd Gy ya VoY ho 50 45 ol g G35 undie dles 1117

S140l S Lot LT ay 55 1, oM g o8 Sy g gl (Floldl 1 aaST s (LA 1) sud aidly fool ) g 00g0i Jlos!

i yedess Lol ol I ilidie (g jluglas 180 a5 wepd (Ll (raed dapd &)l adly b Jool; S &5 o joda
ALy 5| I -T2 180 ol pled (pledjl sl Alise (630 a0l p G1HE ool y dawi Jilus 0510 3929

st e L g0 laludl ;> 7]

Action(ACTION: RightShoe, PRECOND: Right SockOn, EFFECT: RightShoeOn)

Action(ACTION: RightSock, EFFECT: RightSockOn)

Action(ACTION: Le ftShoe, PRECOND: Le ftSockOn, EFFECT: Le ft ShoeOn)

Action(ACTION: Le ftSock, EFFECT: Le ftSockOn)
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Action(ACTION: Hat, EFFECT: HatOn)
Action(ACTION: Coat, EFFECT: CoatOn)
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Action(ACTION:Go(z, y), PRECOND: At(Shakey, z) A In(z,7) A In(y,r),
EEvECT: At(Shakey,y) A —(At(Shakey, z)))
Action(ACTION: Push(b, z,y), PRECOND: At(Shakey, z) A Pushable(b),
EFFECT: At(b, y) A At(Shakey,y) A —At(b,z) A ~At(Shakey, z))
Action(ACTION: ClimbUp(b), PRECOND: At(Shakey, ) A At(b, z) A Climbable(b),
EFFECT:On(Shakey, b) A ~On(Shakey, Floor))
Action(ACTION:ClimbDown(b), PRECOND:On(Shakey, b),
EFFECT:On(Shakey, Floor) A ~On(Shakey, b))
Action(ACTION: TurnOn(l), PRECOND:On(Shakey, b) A At(Shakey,z) A At(l, ),
EFFECT:T'urnedOn(l))

. Action(ACTION: TurnOf f (1), PRECOND:On(Shakey, b) A At(Shakey, z) A At(l, ),

EFFECT: ~T'urnedOn(l))
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In(Switchy, Room, ) A In(Doory, Room; ) A In(Doory, Corridor)
In(Switchy, Roomgy) A In(Doorg, Rooms) A In(Doorg, Corridor)
In(Switchy, Roomg) A In(Doors, Roomg) A In(Doors, Corridor)
In(Switchy, Roomy) A In(Doory, Rooms) A In(Doory, Corridor)
In(Shakey, Roomg) A At(Shakey, Xg)
In(Boxy, Room) A In(Bozq, Roomy) A In(Boxs, Room,) A In(Bozs, Roomy)
Climbable(Bozx,) A Climbable(Boxq) A Climbable(Box3z) A Climbable(Boxy)
Pushable(Box,) A Pushable(Bozy) A Pushable(Bozs) A Pushable(Boxy)
At(BO.’El, X]) A At(BO:l?z, Xz) A At(BO:l?;;, Xa) A At(Bozy, X4)
TurnwdOn(Switch;) A TurnedOn(Switchy)
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Go(Xs, Doors) I P TR
Go(Doors, Doory)
GO(DOO’I‘l, Xz)
Push(Bozs, X2, Door1)
Pugh(Bozg, Doory, Doors)
Push(Bozq, Doors, Switchg)
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function GOAL-BASED-AGENT(percept) returns an action
persistent: state, the agent’s current conception of the world state
model, a description of how the next state depends on current state and action
goal, a description of the desired goal state
plan, a sequence of actions to take, initially empty
action, the most recent action, initially none

state — UPDATE-STATE(state, action, percept, model)
if GOAL-ACHIEVED(state,goal) then return a null action
if plan is empty then
lan — PLAN(state,goal,model) . L .
g action +— FIRST(plan) B8 e SIS 0.TS S5
plan — REST(plan)
return action
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function UTILITY-BASED- AGENT(percept) returns an action
persistent: state, the agent’s current conception of the world state

model, a description of how the next state depends on current state and action

utility — function, a description of the agent’s utility function

plan, a sequence of actions to take, initially empty

action, the most recent action, initially none

state — UPDATE-STATE(state, action, percept, model)

if plan is empty then

plan — PLAN(state,utility — function.model)

action — FIRST(plan)

plan — REST(plan) B3 (e TS YT S
return action
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(defun reflex-rational-vacuum-agent (percept)
(destructuring-bind (location status) percept

(cond ((eq status ’Dirty) *Suck)

((eq location ’A) "Right)

(t "Left))))
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(defun randomized-reflex-vacuum-agent (percept)
(destructuring-bind (location status)
percept (cond ((eq status *Dirty) *Suck)
(t (random-element *(Left Right Up Down))))))
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function AND-OR-GRAPH-SEARCH (problem) returns a conditional plan, or failure
OR-SEARCH (problem.INITIAL-STATE, problem, [ ])

function OR-SEARCH(state, problem, path) returns a conditional plan, or failure
if problem.GOAL-TEST(state) then return the empty plan
if state has previously been solved then return RECALL-SUCCESS(state)
if state has previously failed for a subset of path then return failure
if state is on path then
RECORD-FAILURE(state, path)
return failure
for each action in problem.ACTIONS(state) do
plan — AND-SEARCH (RESULTS(state, action), problem, [state | path])
if plan # failure then
RECORD-SUCCESS(state, [action | plan])
return [action | plan]
return failure

function AND-SEARCH(states, problem, path) returns a conditional plan, or failure
for each ; in states do
plan; — OR-SEARCH(s;, problem, path)
if plan, = failure then return failure

return [if s; then plan, else if s; then plan, else . ..if s,_; then plan_,_, else plan,,]

n—
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function AND-OR-GRAPH-SEARCH (problem) returns a conditional plan, or failure
OR-SEARCH (problern INITIAL-STATE, problem, [ ])

function OR-SEARCH((state, problem, path) returns a conditional plan, or failure
if problem.GOAL-TEST(state) then return the empty plan
if state is on path then return loop
eyclic — plan «— None
for each action in problern.ACTIONS (state) do
plan — AND-SEARCH(RESULTS(state, action), problem, [state | path])
if plan +# failure then
if plan is acyclic then return [action | plan)
eyclic — plan — [action | plan]
if cyclic — plan # None then return cyclic — plan
return failure

function AND-SEARCH (states, problem, path) returns a conditional plan, or failure
loopy — True
for each s; in states do
plan; — OR-SEARCH(s;, problem, path)
if plan; = failure then return failure
if plan; # loop then loopy — False
if not loopy then
return [if s; then plan else if s, then plan, else . . .if s, then plan,,_, else plan.]

return failure
fail S5 S sy oly0n 4y AND-OR ggonir ¥.¥5 JS2
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Function MINMAX-DECISION (state} returns an action.
Inputs: State current state in game. w295
V<-MAX-VALUE (state)
return the action in SUCCESSQRS (state) with value v.
function MAX-VALUE (state) returns a utility value.
If TERMIN AL-TEST(State) then return UTILITY (State)
Ve
for a, s in SUCCESSORS(State) do
V& MAX(v, MIN-VALUE(S))
return v
function MIN-VALUE(State) returns a utility value.
if TERMINAL-TEST(state) then returnUTILIT Y(state)
Ve oo
for a, s in SUCCESSORS(state) do
VEMIN(v, MAX-VALUES))
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> (setf kb (make-prop-kb))
#S (PROP-KB SENTENCE (AND))
> (tell kb "Mythical => Immortal")
T
(tell kb ""Mythical =»> “Immortal ~ Mammal")

>
T
> (tell kb "Immortal | Mammal => Horned")
T
>

(tell kb "Hornmed => Magical")
T
> (ask kb "Mythical")
NIL
> (ask kb "“"Mythical")
> (ask kb "Magical")
T
> (ask kb "Horned")
T
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function PL-TRUE?(s, m) returns true or false

if s = True then return true

else if s = Fulse then return false

else if SYMBOL?(s) then return LOOKUP(s, m)

else branch on the operator of s
—: return not PL-TRUE?(ARG1(s), m)
V: return PL-TRUE?(ARG1(s), m) or PL-TRUE?(ARGZ2(s), m)
A: return PL-TRUE?(ARG1(s), m) and PL-TRUE? (ARG2(s), m)
= (mot PL-TRUE? (ARG 1(s), m)) or PL-TRUE? (ARG2(s), m)
«: PL-TRUE?(ARG1(s), m) iff PL-TRUE?(ARGZ(s), m)
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Add1(0,0,0) = [0,0]

Addy(0,0,1)=10,1]
Add;(0,1,0)=10, 1]
Adds (0,1,1)=[1,0]
Add (1,0,0) = [0, 1]
Add;(1,0,1)=11,0]
Addy (1,1, 0) = [17 0]
Addi(1,1,1)=]1,1]
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Addn([],11,5) = [b]

Addy (b1, b2,b) = [b3,ba] = Addp([b1|z1], [b2|22],b) = [b3| Addyn (21, 22, ba)]
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S 321,22,a1,42,01 Type(z1) =Type(z2) =XOR
- 3“ AType(a;) =Type(az) = AND A Type(o1) =OR

A Connected(Out(1, z1), In(1,z2)) A Connected(In(1,c), In(1,z;))
) A Connected(In(1,c), In(1,a1))
) A Connected(In(2,c),In(2,z1))
)} A Connected(In(2, c), In(2,a1))
) A Connected(In(3, c), In(2, z2))
)} A Connected(In(3, c), In(1,az))

~—

A Connected(Out(1, z1), In(2, a2
A Connected(Out(1, az), In(1,01
A Connected(Out(1,a1),In(2,01
A Connected(Out(1, z2), Out(l, c
A Connected(Out(1, 01), Out(2,c
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. Ve,n n>0 = [Add,Circuit(c,n) <«
deg,d Addy,Circuit(ca,n — 1) A Add;Circuit(d)
AVm (m>0)A(m <2n—-1) = In(m,c)=In(m, )
AYm (m>0)A(m <n) = AOut(m,c)=0ut(m,cs)
A Connected(Out(n, c2), In(3, d))
A Connected(In(2n — 1, ¢), In(1,d)) A Connected(In(2n,c), In(2,d))
A Connected(Out(1,d), Out(n, c)) A Connected(Out(2,d), Out(n + 1, c))
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V¢ AddCircuit(c) =
Viy,i9,%3 Signal(In(l,c)) =1 A Signal(In(2,c)) =iz A Signal(In(3,c)) =13
= Add;(i1,i2,13) =[Out(l, c), Out(2, c)]
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Va1,29,y InterleavedInputBits(zy,x2,c) A Output Bits(y, c)
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Is W(Js) (6 W(G,T)VW(M,T) (g “W(G,E) (¢ W(G,T) (&l J> M

-[3s W(G,s)A3p S(v,s,R)] G Vs S(M,s,R) = W(M,s) (s 3z C(z,R)AO(J,z) (=
Ja Vs W(J,s) = 3p S(p,s,0) (b VYs W(G,s) = 3p,a S(p,s,a) (&

Va [3s S(M,s,0)] = 3d C(d,e) AO(J,d) (s 3d,a,s C(d,a) AO(J,d) AS(B,T,a) (s
Va Vs,p S(p,s,a) = S(B,s,a)] = 3d C(d,a) AO(J,d) (J
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[1] Employs(x, y)
[2] Employs({x, Father(z))

[3] Employs(x, Father(Richard))
[4] Employs(Mother(w), Father(Richard))
[5] Employs (Mother (John), Father (Richard))
[6] Employs{Mother(w), Father(z))
[4]
[7] Employs (Mother(John), Father(z))
[51]
[8] Employs(Mother(w), y)
[9] Employs (Mother(John), y)
[10] Employs (Mother (John), Father(z)
(sl
[6] ...
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o Father(Richard) s Employs(Mother(John) ol_e swil o2l (g o bls oualy 5 Employs(y,y)
Richard .} g 45 s oy Employs(x,Father(x)) Jgtw 4 pailsss b 555 o251 Employs(IBM.y)
20,8 o0 €3,y ya» om Father
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Horse(z) = Mammal(z) (<l
Cow(z) = Mammal(z)
Pig(z) = Mammal(z)

Offspring(z,y) A Horse(y) = Horse(z) (o

Horge(Bluebeard) (g
Parent(Bluebeard, Chorlie) (s

Offspring(z,y) = Parent(y,z) (s
Parent(z,y) = Offspring(y,z)
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Offspring(z,y) & Parent(y,z) (-

soell JSb w5 el azzls Offspring(x,y)Parent(y,X) & jypo a gloaels ouilss soi a5 adl axils azg
Sz s Lkl

(el ol g8 15 S L) 0 GY Mammal(x) = Parent(G(x),x)
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OneO f(True,z,y)
OneOf(z,True,y)
OneOf(z,y, True)
OneO f(Not(False), z,y)
OneOf(z, Not(False),y)
OneOf(z,y, Not(False))

gl by g1 aeled ass (5,5 4.4
Vx x+0<x .5 Vx x<x+0 4 Vx x<x .3 7<9 .2 0<3
Vxyz xSyApSz=> x5z .8 Vwxp,z wsy A xSz = wixsy+z .7 Yx,p xtySy+x
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Goal GO: 7<3+9 anS g {x1/7, 21/319} 8o jle
Goal G1: 7<y, S o {%2/7 , y1/7T+H0} b le
Goal G2: 7+0<3+9 a8 J= {x3/7+0, 23/3+9} 8o le |
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Goal G3: 7H0<y3 S8 U {x4/7 ,y4/0, y3/0+7} 65 Le
Goal G4: 0+7<3+9 SsS o {ws/0, x5/7 ,y5/3 , 25/9} T le
Goal GS: 0<3 N PPRLIRVPEACEIRVEL g PR R e P
Goal G6: 7<9 ol ge Condy a0 Jo 2a)le b
G4 o8 30
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S5 ol oo sl REH(r X)) o e o i 10 (o5 090 a1y gl 5 00l oo siglitags danly; 44 L2l
MrX jl oo ol e g Me jf jased 095 Jdyme sl o)l 2529 X g ¥ 059 o ' (siglings Alal, a5 09 oo ooliu!
P00 o iy (hyme sl FX 5l g (Me j0) (ased oy (g3yne sl FM sl 2ot 5l (pizeon oS g 0olicad
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(1) Rel(Sibling, Me,x) = False
(2) Male(MrX)

(8) Rel(Father, FX, MrX)

(4) Rel(Father, FM, Me)

(5) Rel(Son, FX, FM)

tlige o e 00 O s g 009 S S 1 45 Gl MEX oy Me g sy oo g5 ey s Me &5 ns (35 0L
) Col Dyl gaigliags daidy, 855> Gk )5 il

(6) Rd(i’arent,z, y) A Male(z) & Rel(Father,z,y)

(7) Rel(Son,z,y) & Rel(Parent,y,z) A Male(z)

(B) Rel(Sibling,z,y) & = #yAdp Rel(Parent,p,z) A Rel(Parent,p,y)

(9) Rel(Father,z1,y) A Rel(Father,z2,y) = z1 =12

(Q) Rel(r, M#X,3) el oot o Lo o g

ol (& i yad 9 O i) g INF 03 40 596 1 cdManr woz 5 b ooy {7 /SonyIMe} fls o

(6a) Rel(Parent,z,y) A Male(z) = Rel(Father,z,y)
(6b) Rel(Father,z,y) => Male(z)

(6¢) Rel(Father,z,y) = Rel(Parent,z,y)

(7a) Rel(Son,z,y) => Rel(Parent,y,z)

(7b) Rel(Son,z,y) => Male(z))

(7c) Rel(Parent,y,z) A Male(z) = Rel(Son,z,y)
(8a) Rel(Sibling,z,y) = z#y

(8b) Rel(Sibling,z,y) = Rel(Parent, P(z,y),x)

(8¢) Rel(Sibling, x,y) = Rel(Parent, P(z,y),y)

(8d) Rel(Parent, P(z,y),z) A Rel(Parent, P(z,y),y) Az #y = Rel(Sibling,z,y)
(9) Rel(Father,z1,y) A Rel(Father,z2,y) = =1 =122
(N)True = z=yVz#y

(NYz=yAz#y = False

(@) Rel(r,MrX,y) = False
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(10) Rel(Parent, FM, Me) (4,6¢)

(11) Rel(Parent, FM, FX) (5,7a)

(12) Rel(Parent, FM,y) A Me #y = Rel(Sibling, Me,y) (10,8d)

(13) Rei(Parent, FM,y) A Me #y = False (12,1)

(14) Me # FX = False (13,11)

(15) Me = FX (14, N)

(16) Rel(Father, Me, MrX) (15, 3, demodulation)
(17) Rel(Parent, Me, MrX) (16,6¢)

(18) Rel(Son, MrX, Me) (17,2,7¢)

(19) False {r/Son,y/Me} (18,Q"
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Member(z, [z|r]) obly 250 5 SMor
Member(z,v) = Member(z,[y|r])

sleoSile by 0 Jloaeh g mmy (gl iy o9y L |, Member(3,[1,2,3]) somzg iy 05—
e U S o Jlosl oz o psn ) O G 95 0 3Lt |y 975000 O {37112,
saze Jlogl 45 gxmr a5 o} 020,550 0 2350 @ g Sy b oS oo (o § 05 Jol> Member(3,[2,:
aclsd a5 glr jo S Ko Sjbe ayams sl 05501, 2 5 1 e 50 0 il i Y 15 misdien a2lge eSS L



G293 B9S2 9y (o= g0 hga Jiluso gl g pulis e

S S e ge P Sy (g5l jlailid jo Sl 008" soliil i (g luws huiliid 5 ol 5L ool S (gl iS50
. 23 g0 )90 Ol

Ay gy (1o 5 i yaSd 5 oolif U U pudS o 00lisunl duiidigi £, p1 503 50 Lot 45 ¥asr 31 oy1 yod (! ;0 1Y.AT
ey )3k Horse(h) Jlg—w sy 950 Sle s w2595 g o ddgy L3133 (Gl pudd Gl Jlgw K
Mo Gub (7 oS az gl Wb (5 iu 42 49 aold orf 85ly0 (0 il Gudaio sud 0010 o 3 Bub Busy (T 40 a5 aus
o 3l wlad t Lol ) Tl 1, ot plad wdlyis aniS (o0 153 (0 93,410 092 g h (g1 ool ) Shoad a Ciziior 50 dad
(Gl 290 (ialyag 30 1008 1yt pod” dglideo (30 ol (1) (bl ablo (1986) Smiith &tis 51 osliswl

Ly Baetn yj Sy 45 Censl (50055 4y 39aa il S 018 1579 o g y0mp 151003005 A 3 Wntilo b 0 yeS ol s o I
ol Jo sl g sl oo Cond @y 0t ol &) Landils pled iy g0 Conny a0y 10 09390 sladan 3 S o MK
s Parent(y,Bluebeard) sladasll ouS o osalin V.48 JSb o [ @lil oo o (Bl o)l alaol, Jihas 458
o 8s bl 4 (@ e cans 4 550 oo il sisdi e LSS Sl sk 4 Offspring(Bluebeard.y)
e oy gl 4S5 i bl oy b Sulei g &l S Offspring(x,y)nHorse(y) =Horse(x)
4 28,8 oo 3w sac 5l LS Horse(Bluebeard) o o9 gy 0o oo ¢l (asetia J5b 10 45 (glailo> .25 8
il (g 25,000 asld cad g ay by el S ol s alizsl s el plad 31 (5055 Sl gl adlyse ST Sy
) 105 by 095 Alie 4o (1986) Smith (8 s il Bluebeard o Charlie g yo aytes Sl 45wl slaigs
(ol Azt (VL Ban pf S 30 (6 RK1 digei S Bam (] a5) wad 0 £ (ol Ban S 4T Jloj rand e Slgiday
s Lo Joroly 4 9 auo dalol Bam ol LS gloas L pla b 0% LS T cdar s o Sl gl Bigo S am
aus aalol Sl slaasls b g oy Sy i 0 aniliS 15 claciam ) olen sl ol Glsie a b b fmaly oul ugms il
Syl (S 50 ool ool Suled LSt Gade aily s xin slp Sl o ilgn 052 o yg—0 0 LT
o529 ldl (gl (6,500 ly gt a5 il 5l Log arBlIE LS 2L g el (51,55 Bun S, Offspring(Bluebeard.y)
el elia ool 50 2 o8l g St 35 0590 ol 0 b oo Hbl St | asls T o)l 1

Horse(Bluebeard)

|Pa.rent()’.11) Offspring(Bluebeard,y).
Yes, {y/Bluebeard, [ Oftpring B ]

hCharlie} Leash 538l (sl Sl @30 3l end V.48 S8

Parent(y,Bluebeard)

|70ﬁ‘.'sprlng(Bluebeard.y) |
[
!
by 0o polin Allus .S JLds i 3o Al Jo ol £.4 IS 30 1y gy 90 (Sloyesni 3 s 5081 Sl V6AT?

(ol pgd gl g 30 1V o pod ql&aw_ﬁml).\:ﬁg)ﬂ&a‘)é&g,é',l{ﬂ,aob obii 1y bue sl o
S o odalie [y Gan o yo K i

goals = [Criminal (West)]
goals = [American(West), Weapon(y), Sells(West, y, z), Hostile(z)]
goals = [Weapon(y), Sells(Weat, y, 2), Hostile(z)]
goals = [Missle(y), Sells(West, y, z), Hostile(z)]
goals = [Sells(West, M1, z), Hostile(z)]
goals = [Missle(M1l), Owns(Nono, M1l), Hostile(Nono)]
goals = [Owns(Nono, M1), Hostile (Nono)]
goals = [Hostile (Nono) ]
goals = []
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P(X, [X|¥Y])
@ P(X,[¥[2]) :- P(X,Z)
3) WO lilnl G Ros plas (a0 il [y b ool g wlidl co 0 P(A,[1,2,3]) s P(2,[1,A,3]) oYigw sip («
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P(A, [1,2,3]) goal
P(1, [1]2,3]) Pl => golution, with A = 1
P(1, {1]2,31) P2
P(2, [2,3]) Pl => solution, with A = 2
p(2, [2,3]) P2
P(3, I[3]) Pl => golution, with A = 3
P(3, [3]) P2
p(2, [1, A, 3]) goal
pP(2, [1]2, 31) Pl
P(2, [1]2, 31) P2
P(2, [2]31) Pl => solution, with A = 2
B(2, [2]3]) P2
P(2, [3]) Pl
P(2, [3]) P2

A Sl o0 HlogS T a5 WAL ] 5] paze G legS T gl aSile; 5o 15 ety Member 1, P ool 2 (€
Db so 90 g 0

{5 50rted(L) s 45 s gt Solg (315 4 (lbosy (B .01310 150 Salg 50 S5l o 4 (1 g 2} 50178
a1y perm(L,M) oo (o .0ifs 35 1) trie Wil o o 59920 & 90 @ L e (51 laid g (5145 550k 45 wiS iy
Slestiwl Ly iy sort(L,M) (z .adfo ) uijtrue wadb M jledSile SO L 8 o5 5,90 o 0wl G i Soda s
o 1y yoliT 328550 9 5 o locanad 59,5 1 SOrt (5 (Cewl L 3t ouds o po dlaii o M) uilS iy yai sorted 4 per
(Sl pgd Goalig 5o PR oo yod arliduo o pod (1) s g0 Sglg 5 5L 4 1y @y S5l

o i | Solgp 0 ol 5 alate eadlio o Dglis anilgs oo SOTE Sgline (glaasens o ) |

sorted([1). («
sorted ( [X]) .

sorted([X,Y|L]) :- X<Y, sorted([Y|L]).

perm([1, [1). (

perm([X|L],M) :-
delete (X,M, M1},

perm(L,M1) .
delete (X, [X|L],L). %% deleting an X from [X|L] yields L
delete (X, [Y|L], [¥|M]) :- delete(X,L,M).

member (X, [X|L]) .
member (X, [_|L]) :- member (X,L).

sort (L,M} :- perm(L,M), sorted(M).
H S gaie ciy pui Jilao 0,8 i o5 ploS e a8 S gt B 5 asitie JSU Glen sl e ST S
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isort ([1,[1).
isort ([X|L],M) :- isort(L,M1), insert(X,M1,M).

insert (X, [1, [X]).
ingert (X, [Y|L], [X,¥|L]) :- X=<Y¥,
insert (X, [Y|L], [¥|M]) :- Y<X, insert (X,L,M).
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Ililyd i 9 0091 phiol WlaMhaol (o3 .05 by Tewrite(x+0,X) Siyge 4 (ileT oo 1) 398 50l o (Jlo oleie 4
ol SImPlify(ey) S 31 Gy pai SO (GBI .Gl ol 2ol S5 0 a5 &S o0 (oL primitive(D) oyl digd yeslw
Pl Elond cugiil S0l g e J0) Wils B 1 true (bl 3 glovd odlu dduui Y 45 jgue 30 4F WIS
5239531 (e 9 a9 Flwlono (b JShae (59l Siles (g3lwosln 51y sucled £aammo (2 (903 Jlosty 51 iy
O1oled (5525 G0 (g1t 00 935 ASlgd 31 slae goso (7 i Jlasl digod plgie 4 hles (o5 0 4r1) 995 5luoslw
ool oS ool 1y LT g 4xd o8 3ideo olod g Slawbne Sljlee 31 095 55lwookw dclyd g Ll 51 ooliiuwl b Ly 9 aidigd
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008 8 Culed g et g 6 ilweslus oy ol (0 cl o Sae ligaeiily  Jg dany ge solus LS 4y (g3lwsesls a5 (A
simplify(X,X) :- primitive(X).
simplify(X,¥Y) :- evaluable(X), Y is X.
8implify (Op (X)) :- simplify(X,X1), simplify exp(Op(X1)).
simplify(Op(X,Y)) :- simplify(X,X1), simplify(Y,¥1), simplify_exp(Op(X1,¥1)).

simplify exp(X,Y) :- rewrite(X,X1), simplify(X1,Y).
simplify exp(X,X).

primitive (X) :- atom(X).

i se 2 0 1y ol &) 1992 Jlo ;o NOTVING o i ) 0oy s gijly 502l iz (o
Rewrite(X+0,X).
Rewrite (0+X,X) .
Rewrite (X+X, 2*X) .
Rewrite (X*X,X"2).
Rewrite(X"0,1).
Rewrite (07X, 0).
Rewrite (X*N,N*X) :- number(N).
Rewrite(ln(e”X),X).
Rewrite (X"Y*X"Z, X" (Y+Z)).
Rewrite(sin(X) "2+cos(X)"2,1).

il oo X i 41 Cod Y Ol Gritia baino bt A(X,Y) 45 oS o aopliis (5,8 55te Sz saslyd ;)0 (2
Rewrite(d(X,X),1).

Rewrite(d(U,X),0) :- atom(U), U /= X.

Rewrite (d(U+V,X),d(U,X)+d(V,X)).

Rewrite (d(U-V,X),d(U,X)-d(V,X)).

Rewrite (A (U*V,X),V*d(U,X) +U*d(V, X)) .

Rewrite (d(U/V,X), (V*d(U,X) -U*d(V,X))/ (V*2)).
Rewrite (4 (U™N, X) ,N*U" (N-1)*d (U,X)) :- number (N).
Rewrite (d (log(U),X),d(U,X) /U).
Rewrite(d(sin(U),X),cos (U)*d(U,X)) .

Rewrite (d (cos (U),X),-8in(U) *d(U,X)).
Rewrite(d(e"U,X),d(U,X) *e"U).
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solve (X, [X]) :- goal(X).

solve (X, [X|P]) :- successor(X,Y), solve(Y,P).
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Ancestor(Mother(x),x)

Ancestor(x,y)AAncestor(y,z)—=> Ancestor(x,z)
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Animal(x) ¢ Horse(x) (cwi!x yw h)YHeadOf(h,x) WLy
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Vz Horse(z) = Animal(z) (&

Vz,h Horse(z) A HeadOf(h,x) = Iy Animal(y) A HeadO f(h,y)

A. —Horse(z) V Animal(z)

B. Horse(G)

C. HeadOF(H, G)

D. -~ Animal(y) V ~HeadO f(H, y)
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At(Monkey, A) A At(Bananas, B) A At(Boz,C) A

Height(Monkey, Low) A Height(Boz, Low) A Height(Bananas, High) A

Pushable(Boz) A Climbable(Boz)

:)'l aiyle Sholadl (@
Action(ACTION:Go(z, y), PRECOND: At(Monkey, z),
EFFECT: At(Monkey,y) A —(At(Monkey, z)))
Action(ACTION: Push(b, z,y), PRECOND: At(Monkey, x) A Pushable(b),
EFFECT: At(b,y) A At(Monkey,y) A —At(b,z) A ~At(Monkey, z))
Action(ACTION:ClimbUp(b),
PRECOND: At(Monkey, z) A At(b, z) A Climbable(b),
EFFECT:On{Monkey, b) A ~Height(Monkey, High))
Action(ACTION:Grasp(b),
PRECOND: Height(Monkey, h) A Height(b, h)
A At(Monkey,z) A At(b, ),
EFFECT: Have(Monkey, b))
Action(ACTION:ClimbDown(b),
PRECOND:On(Monkey,b) A Height(Monkey, High),
EFFECT:—=On(Monkey, b) A —Height(Monkey, High)
A Height(Monkey, Low)
Action(ACTION:UnGrasp(b), PRECOND: Have(Monkey, b),
EFFECT: ~Have( Monkey, b))

el o)l 38 e Sy o Bad gt Shaails 3ab (2
Have(Monkey, Bananas, s) A (3z At(Boz,z,s0) A At(Boz,z, 8))
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Action(ACTION:Go(z, y), PRECOND: At(Shakey, z) A In(z,r) A In(y,7),
EFFECT: At(Shakey, y) A ~(At(Shakey, z)))

Action(ACTION: Push(b, z, y), PRECOND: At(Shakey, z) A Pushable(b),
EFFECT: At(b, y) A At(Shakey,y) A ~At(b, ) A ~At(Shakey, z))

Action(ACTION: ClimbUp(b), PRECOND: At(Shakey, z) A At(b, z) A Climbable(d),
EFFECT:On(Shakey,b) A ~On(Shakey, Floor))

. Action(ACTION: ClimbDown(b), PRECOND:On(Shakey, b),
EFFECT:On(Shakey, Floor) A ~On(Shakey, b))

Action(ACTION: TurnOn(l), PRECOND:On(Shakey, b) A At(Shakey, z) A At(l, z),
EFFECT: TurnedOn(l))

Action(ACTION: TurnO f f (1), PRECOND:On(Shakey, b) A At(Shakey,z) A At(l, z),
EFFECT:~TurnedOn(l))

ghowd b o0 il @
In(Switchi, Roomi) A In(Doory, Roomi) A In(Doory, Corridor)
In(Switchy, Roomg) A In(Doorg, Roomsa) A In(Doors, Corridor)
In(Switchy, Rooms) A In(Doors, Rooms) A In(Doors, Corridor)
In(Switchy, Roomy) A In(Doory, Rooma) A In(Doory, Corridor)
In(Shakey, Roomg) A At(Shakey, Xs)
In(Boz1, Room,) A In(Bozg, Room,) A In(Bozs, Room,) A In(Boz4, Roomy)
Climbable(Boz1) A Climbable(Bozs) A Climbable(Bozs) A Climbable(Bozs)
Pushable(Boz,) A Pushable(Bozg) A Pushable(Bozz) A Pushable(Boz4)
At(Boziy, X1) A At(Bozg, Xo) A At(Bozxs, X3) A At(Bozs, Xs)
TurnwdOn(Switch;) A TurnedOn(Switchy)

Hl e be Bas &y pwo by @
Go(Xg, Doors)
Go(Doors, Door;)
GO(DOO’I‘l, X2)
Push(Bozs, X2, Door;)
Push(Bozxg, Doory, Doors)
Push(Bozz, Doors, Switcha)
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Action(RunLeft(s1, c1,v1,, 82, €2, V2),
¢ PRECOND:State(s1) A HeadAt(c1) A ValueOf(c1,v1)
; ATransitionLeft(81,v1,92,v2) A LeftOf (e, ¢1)
EFFECT: ~State(s1) A State(sa) A ~HeadAt(c1) A HeadAt(ca)
A—ValueOf (c1,v1) A ValueOf (c1,v2))

" Action(RunRight(s1,c1,v1,, 83, C2,v2),
' PRECOND: State(s1) A HeadAt(c;) A ValueOf(c;,v1)
; ATransitionRight(sy,v1, 32, v2) A LeftOf (c1, 22)
EFFECT: ~State(s1) A State(s2) A ~HeadAt(c1) A HeadAt(cp)
A—ValueOf (c1,v1) A ValueOf (e, vq))
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Init(HeadAt(Cp) A State(S1) A ValueOf (Cy, 1) A ValueOf (C1,1)

AValueOf(Cy, 1) A ValueOf (Cs,0) A LeftOf (Co, C1) A LeftOf (C1,C2)

ALeftOf (Ca, Cs) A TransitionLeft(S1, 1, 51,0) A TransitionLeft(S1,0, Sacospt, 0)
Goal(State(Smept))
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Refinement(Deliver(t, p),
PRECOND: Truck(t) A Package(p) A At(p, [z,y]) A Destination(p, [z',y'])
STEPS: [Navigate(t, [z,y]), Load(p,t), Navigate(t, [z,y']), Unload(p,t)])
Refinement(Navigate(t, [z,v]),
PRECOND: Truck(t) A At(t, [z,y])
STEPS: )
Refinement(Navigate(t, [z,]),
PRECOND: Truck(t)
STEPS: [Forward(t), Navigate(t, [z,7])] ) OS5 el YA NS IS
Refinement(Navigate(t, (z,v]),
PRECOND: Truck(t)
STEPS: [ TurnLeft(t), Navigate(t, [z,3])] )
Refinement( Navigate(t, (z,y]),
PRECOND: Truck(t)
STEPS: [ TurnRight(t), Navigate(t, [z,¥])] )



i8G9y o gian iga Jilews gl o pulid 'AY

ity ol sladaSly 51 Sllis Jold aF ol ond g5lwosly oyp s baid YU o fiSly Sy wiS b 1D
1y Sty of il g by ot olem (bl SlediSTy oslazsb 3 Jol il podlunkas RIS b 45 was &1, ot 5981
3 g0 dnlxo
ool 12 BB VU pelas 28Ty 51 20VL G p2STas e o 40 oS 08 oo 2,8 (s ilwesl jolaie 4 s fo> 4}
otl e o ol 1y Col 0ad B3l 35T oS B gty Sl g 4t byt gty dai b e cod ol 5 e &S
b o o il je o5 0l 43 g GV by pbiin o8 5 bel sletSly Sltl g by o ob on e
Dgd g0 el ieal G50 5 Mo (0 a5 G958 Wisdig Jawgi LS

net_preconditions <- {}

net_effects <- {}
remaining <- [h]

while remaining not empty:
a <~ pop remaining

if a is primitive:
add to net_preconditions any precondition of a not in effects
add to net_effects the effects of action a, first removing any
complementary literals
else:
r <- the unique refinement whose preconditions do not include
literals negated in net_effect or net_preconditions
add to net_preconditions any preconditions of r not in effect
prepend to remaining the sequence of actions in r

Bud gy 4cgomme pl SO il o yiawd BB Ylpdaw &by SO 51 il fias Il 50 a5 asgome S usS o3 f.\\?
gep Wl Cllo 50 a5 glacgame 10,5 deuli ) $hex 2wy g0 Sub @ doliy oS Egdgo (uf 3 Gl o LY B
e g Ty 9,105 Bud a2 gogno y (S1yndl

Sy s W il s oo degerme S 4 Eadse ol RIS Sy ol Ad g puilgige 1> B
Lo o s faws W lin g3 dgoma S ga o)l ST B b ey oS5 pas Ko gd il iz degoses
ol e < 2 peilen a5 WS o Cilads Jy wul i ol 2, GV @ g e a5 S e iles
22 gz ol gy Yl 4 oulyi o0 a5 0 eF 0 hadd o BB ailioay degemme alie jslay ol pw s
Ol o eVl & g ansl

) HLA a10i5 <y 5 (ol sud 5by (510,135 BN 51 1ae gasne bauwy? 45)g 9 p5 clo K 45 doninn gy gais 1980 BN P
Soinog 5 428 1) (Wigd go oy o uyiwd BB 42 gomo (o Al 9 Aliandss (7o 9 bapdiie by plos
WS Ay o @2 U 1) 4l T 3 o yiaws BB 4 gormo Giliarys 9 Aligaias

Sligogs b 3 1-CNF Cirog laail clilas 08 goi Joo |y HLA b i bxsl 30 «(s5kuoslo jslane 4 2 jo M
el 23 g @ g 035 (LS dilony g sl e S lp
state <- initial state

for each HLA h in order:
for each literal in the description of h:
choose case depending on form of literal:

+1: state <- state - {-1} + {1}
-1: state <- state - {1} + {-1}
poss add 1: state <- state + {1}

poss del 1: state <- state + {-1}

poss add del 1l: state <- state + {1,-1}

description <- conjunction of all literals which are
not part of a complementary pair in state
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Action(ACTION: Assign(dr, sr), S e

PRECOND: Register(dr) A Register(sr) A Value(dr,dv) A Value(sr, sv),
EFFECT: Value(dr, sv) A ~Value(dr, dv))
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Action(ACTION: Allocate(r),

EFFECT: Register(r))
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Allocate(R3)
Assign(Rs, R;)
Assign(Ry, Ra)
Assign(Rs, Ry)
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Action(Move(b, z,y),
PRECOND:On(b, z) A Clear(b) A Clear(y),
EFFECT:On(b,y) A Clear(z) A ~On(b, z) A (when y # Table: ~Clear(y)))
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Action(Left,PRECOND: AtR,

EFFECT: AtL A ~AtR A when CleanH: CleanO A when CleanO: CleanH
A when -~CleanO: ~CleanH A when ~CleanH: ~CleanO)
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