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AGENT- BASE-PROGRAM

1- function SKELETON -AGENT
(percept) returns action
2 - static:
3- memory, the agent memory of the world
4 - memory < Update -Memory(memory,percept)
5 - action < Choose -Best -Action(memory)
6 - memory < Update -Memory(memory,action)
7 - return action
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(1) Table - Driven - Agent

1- function TABLE -DRIVEN -AGENT (percept) return action

2 - static:

3 - percepts, a sequence,initially empty

4 - table , a table,indexed by percept sequences, initially
fully specified

5 - append percept to the end of percepts

6 - action< lookup (percepts,table)

7 - return action
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[A.Clean] Right

[A.Dirty] Suck

[B.Clean] Left A B
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[A.Clean].[ A.Dirty] Suck SO SO
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Simple reflex agent **
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Condition-action Rule *’
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1 - function SIMPLE REFLEX AGENT (percept) returns
action

2 - static :
Rules, a set of condition_action rules

3 - state <-- INTERPRET-INPUT (percept)
4 -rule <-- RULE-MATCH (state,rules)

5 - action <-- RULE-ACTION Jrule]

6 - return action
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function REFLEX-VACUUM-AGENT ([location, status])
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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1 - function REFLEX AGENT_WITH_STATE
(percept) returns action

2 - static :
State,a description of the current world state
Rules,a a set of condition_action rules

3 - state < UPDATE-STATE (state,percept)

4 - rule < RULE-MATCH (state,rules)

5 - action €< RULE-ACTION Jrule]

6 - state < UPDATE-STATE (state,action)

7- return action
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Model of the world *®
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function Best-First-Search(problem, Eval-FIN)
returns solution sequence
nodes := Make-Queue(Make-Node(Initial-State(problem))

loop do
if nodes is empty then return failure

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

new-nodes := Expand(node, Operarors/problem],
Eval-FIN)))
nodes := Insert-by-Cost(new-nodes,Eval-FIN(new-node))
end
\A S -
P ailay > (g

o Bid Ao ey Sl 0dd 03] (peeBS (g A by JBls o g, (2] 53 (el o]
aiosp aS (ol (o b S sl il , 5 Shap Bun 4 oS (gl o)S @S i 5 s b
s s Lug g5 e 0deli (BLEST w5 45) e (e |y Bim el 4y el S ) (s,
Sosliil Loy (Slsg) 33 (ol dlue 31) g2t 5y ol 95109 (s 03> (lis

WL 3l 611 5 s ol = figr 1y (12) oS (o (50 palliane b3 Sl j9.

Straight-line distance

© Buchamst

Arad 156
Bucharest 0
Craiova 180
Dobrets 147
Eforie lal
Fagaras 176
Giurgiu 77
Hirsova 151
Iasi 134
Lugoj 244
hehadia 141
Meamt 134
Orades 18
Piiesti Lo
Rimnicu Vikea |03
Sibiu 153
Timiscara 30
Urziceni £
Vaslui 199
Zerind 174

Greedy Search



D¢ Arad
N —

266

253 329 374

329 KTE)
366 176 280 193

CJlimisoara) C_ Zerind D

329 374

A le «Baa By b asoly Job plad jd 03s yems S 3,5 JLos bLodjl dibasy o (gooins
o=, 5 o p YU G A iy (o Gy (3 4 4S5 Sl Lol Wil oo Bes Jol sz

Cromww 4y (Lol yuuo S 50 Bas Jgl dile col (1San 1) s JolS 5 aipe 9ot

S ol g Lo b sesiSlism 4S crwlOb™) slas > ot ¢l Lo
S alice o plas  Saow I ass o (6)ligS5 alisls 1) La o, 5 pled dibas >
o st Stz gl So ool Ly Gl 5 Glej (Suam ol 4l il o o Sl

Sl o ials



S 10 )de GEHas iR

LN

A uin g S o Plis 1y Bua Cuow anh() (g 00 03] ezt 4y ib dila > (goxins

(eSS A b g, 500 OBy b jldupy 40 ol JolS d Lel a0 ialS 1) gcins

lg o (63l 10 Lol ¢ dupy ot ] JolS o a5 08 o JElasly g(n) m oo e

A* lae Cood gy 93 S 3l oo 90 pb (sLlie a8l i (gl aibaas b

oS o ol
A* sooluan
.j-\_.l_-|~.l_ub‘_fdd_.h_'.|.l-u_rm_} J;Lﬁh‘,—ﬂ‘_r-)j_;. |.|.| L)

:-n.;]-._;-— o e uUCs ‘j.l-_l:_-lﬂ h__‘t";‘ :A* =

A_‘_ﬁ_:JﬁlgiimJdeJédu—-Jﬁ{q,}q:_qu:—&H -
U= FR | e W & U-'\:.'_..-.I-q'__.‘.c_:.u..a-lf :-_njdld- LN o [P q_,_.,.a-.L_CS e

e

ffon)=gfn)~+hn)
T PO Y- & T
ABOR T 5 e ol e o @l e an el ) e

IFPRLIPY 1 PO PR T TR e OO, ) I

Amd o LS |y (Slegy y9uiS )3 (b jeme dlus sl 1) A* somtinn pj S

@u:iinié‘; @enud_:}
- 44T=118+329 PP
Cand)

-E-'lﬁ—lﬂil}-'-.!lﬁﬁ,il'el

A+176 -Ii"'l _.91‘-330
L H
':15_11_:-L£>I @1&1{3}_‘#} C‘:H ova Firasti S1l:-1u.

FO1=338+153  450=430+0 nzﬁ-aﬁﬁﬂﬁn ~:'t'I"’— 1-r+“1~m Eﬂa—snu—z-s

_\_\_-.-.

.o- "-\-\_\_

- r” AL s
oy (G i)

415=418+0 Gl5=485+160 G0T=414+103



» S e Egan phon

S

JarS Aol a gy Jol AT asl il 1y o5 Lyly b Sty ppun L5 5]
A% o a sl csleSy U 8500 h(n)as el agy by 4 43S e o3liil Graph_search
S5l VU%A S h(n) & cuol digy (bbb 4 A8 0 oolawwl Tree_search jl &

o8 8 Kt 0

O3S (sBly Ay gl i |y Bas 4 ) A 1S 4 Cul Job BB (Setanysee 22U
asbno, S, a gl Slecwl Jed JoBh(n) aole Siwyon S0 oyle 4y
e N0y S 5l Bua ay ) lym (a8l 4 e h¥(n) alal,y ool > S h(n)<=h*(n) el
5 £() oL asly Jgod Jos h(n) )51 col 1 dsy sy (Bly 4z g() 48 ool jlasly

A5 e85 eSS N sk 5l o oly (aBly A g ) i S e (D) G o dalgd Jgud LB

f(n)=h(n)+g(n) ~
h(n)<=h*(n) f(n)<=f*(n)

v

-

f*(m)=h*(n)+g*(n)

Jad L6 Qi)

-ﬁ..uul.‘lﬂl.- o f',_,.i | ,_,_,..n ...:f.?{ﬂ} .L.,u.-._‘;_......l ._‘;. *
_l;u .._.I.Lll-ﬁ.:.._'l.lf.p_} thinﬂ_!-ﬂ--hj‘}*-‘(ﬂ)jjﬂ:fj) Jifk{ﬂ:] .-|_uu|.
.I_ul.lud.-ﬂa

a3 .__;...__l...a..._..l_.-_JA__l,.a "".a_,_,..i 'Ji—.u_f:..hi .

_-u:l'u i __|| ,.-_ _J U:_.A.ll_, il J-IE;#-_H-] ﬁSLD(ﬂ} L._J".ﬂ .JLA s
Ly om

TREE-SEARCH ;l aslamal L A% as), Jad LG A(m) _',Sfl i *
T g

Consistency '
admisible "



Y S gyt Eghae yigh
(1905) ) 5l S ygu2

Ln' wlaly 4ol as sl ), 8, h(n)<C(n,a,n")+h(n') alayl, , ST ccwl 5L h(n) ol
o=l eaddy o plislya Joes 4 ia C(n,a,n') 5 cowl ond wdgin cdls jla Jos jl oolai il
=2 93 gaome goluo L ySos S anl clio dls o 4 ol e (goluel jl 08 (goluel

(Consistency) (5)S)bw 1) o03)

Mm=dn an)+ M) Tl S e S a2,

:':q-___llll -.-l'|-l-'-'-_- __:E:_Jl--.l;.li_'f'

e )
frinl

far) = glar’) + Har')
=g +an an)+hn)
= g(n) + )
= )

(MONOTOTHCILY ¢ | y5u) il o A8 b & s & e 53 K1) o =

el 4 GRAPH-SERRCH jlsabicf LA™ ozt 8 50 A1) B

g pr3y S 1535 U 3903 Ml (s394 |y ol ol (oo 2800 555y St 0 5
oS i Faie jlopS (ol faije 4 595 58 ol 09 (0 Mg &5 (Gt 0)5 2 oS
adslae gjlow adslne ol dipis o a5y sl an jan T aje bl y S St L el
—o N a5 n' ¢ f(n')=max{f(n),g(n")+h(n)} adsleo 4! > 45 555 o 00l pathmax
A
wl5T sl Jod BB h(n) g asb ais J> oly oo ai3a €% 31 1SS

A3 o S 1 f(n)<c® Ll oS plas A* @

A2 o yiyd i f(n)=c* L oS | an A* @

A2 o oy [ (n)>C* b gl 03 zun A% @



i S e Egan phon

o 1) 5 diuje oS GBua i D90 Joaled ap A% oLSST ail Jgu8 ol h(n) &b )3 2485

S dagi g Jlte 4 cllas ol S5 (gl S smles

h < h* h £ h*
035 w5 kS (2 yme p3 dad by By Ay (i (2l 2 ) L o) (eleT &5 et )oSUl o
dSgdless JolS Jysmo 0 A* ) Kipe SlicS w pa gl A% Lol ol aigy S ol
U sla 0,5 cowl (1-Sew a8 ly Lesail acily dg g f(n)<c™® b 0L 3g0el (sl 0,5 a5
a8 Cuwl opl AL Al D39 (g9 50
Al Al g g dgamell Llaiidl ;oS B L sl6) S @
3929 e Jobo )3 39850l (5 0,5 (o) dla Lol aliio je (g dizja b (gppe @
A5l asls
)5 g x Gyl S 1 5 BliST o, U AF i sla 4,6l )
A Cowl ol cdenad it S AT 4 Cons 0,5 (58 i a5 WS e peend (6,500
aupe Jo oly b crwd jlydad oy e o dad iy S 1 f()<c U Ladg plod 48 oy 6Nl
2 9290 Loy sl Lol cwl )l (Suzmn 71 5l g a5 Jol8 AT goien 4z ST 3L (o0
Cal S oly Job 5l ol ol SO Ban qilS

| h(n)-h*(n) | <=0O(log(h*(n))) 5 ke g dlaad (g oles e by



1 S e Egan phon

o1 1)y sladg plad oty )9 Sl ol Aol 5l s ol alas oy A (g oaas SIS s
AF s (e a0 0,5 dlgs Bpael) (0015l alibls (ol iy USie (6)lgSS dabls 3 1,
09 45 3 uly S (L 8jme olo oy Sl LS S b gla s b Jles 6l
Sa e Sy e Jb gl 8 e oy S g o) lS ol c )l

SMA*IDA* RBFS: |t

A* Oluogas

wls 2pmmy FSHG) L 0 F 2 gdonal 23lan 4551 S cak I

Bl (oo el 0 L) e sl gls o5 s A% e
il ot b Slee pla a5 aSGT b b & ol

..I_LL:;;.Ll;u:_,q-_,:_,.a:-.ab._;'ﬂ:_;|_;_,;_€'ljl,,:h5|,‘§_

Al ks 3 ge g 3 gukomal (218 0 5 Slami b bel 3 gdoee 45 38 b (2 e —

" e T

;r'.-‘-"--: -

[ oty Jpbo 4 i o | e ol Tl

:ﬁlqﬂfﬁJ&th_’_ﬂj.@j+ﬁs-|—j—5_' EEJ;I:::'—-..E_'"S:..
Pl b 4 el Bl ol
) — b)) = O (log &%(m)

= s = o ] vt ==
315 o0 &6 dlable 31,6 5 aled T2l ST @

okl pla £ S dax 528 1) Ly dilg ai— ab fTang *
sl
ans ol RO <Ll S oA -

ey __i.-u,;'.‘;_f- P j{f}}zﬁ "."-"l'_,f'._ﬂ ﬁ’;ﬂ‘qi: _
ans i S Ea K> PRy g1 FAY -

liil .~ (optimally efficient) g T, &l s A* o
Ao
H )5&‘5
oS Lyl () e 4 el pladg plas Jolis (gl dtuy lad e L cannp L o585

contours 80



1o S 1wy Eyae po9®

e 0855 B b o dy o pidy BLisT ale Uy g il USG5 el oyl « adyl s
Hgdso JSb (phn dite e Sl 39 X9

{(IDA*)3g9a0 (5 alidls L SULST 552 5 Conr

S5 9 S )3 39250 (g 0l Sl ookl ¢ A% 5L 5y 0 ababls alS (gl ol ()5 o3l
CAF )3 as g ok )y S5 g oay) Sl j Job e Sl L El s ), S5 ias
s s wiys S ol > A4S cl () 53 0iss ), S5 ies Ly IDA* ciglis .ol o5 IDA®
ol adigy 1 Hlade ol F-limit (o aJgl jlageng b oodly ), 81 aiia g9y Codgine ¢ Gos
ol 93 551 Al e S ¢ sl ), S o Flimit ), ze8 Lol F as ola 0,5 S5m0
S sl o) S T e )y ieS Spgo (il ju p3 ol plad LS A8 aS iy Ban 1SS
Flimit apis e Uy o ye Sl oyLgd 5 39 (oo F-limit e oy3Sels « S5 oyl 55 4l
3955 48 Sl gl 45 asy Flimit o 45 Slej 5 sl (oo deeldl Uiyl ,S5 oyl 5,5 o 1o
Do (ool F-limit=c™ L ) ,ST ,0 Bun 398 9 Sl i i (gl 30 B

flimit S Ll £ aS oln o, S hadd alsye yn 0y coul aiy s Jool wiys S ol
os Sy 3 Cen ale LS (St 3155 5] iy g (o 5k a3 e
Al o Jlesl caiia pyiaS 84S ail 0 O(beH/0) ey jn addl L cwl s
N o S a0 5L 5 conl cowlio asly (gl ads o (s anjp Ly 5 Lus gl IDAF
oo ClgSs s anp L en g Cons (5 08sd )5 (6 asuss 1 ile ailiwlio Lol L 5w s 0,5

D9 (oo Gl ialj8l 4




A S e Egan phon

HRBFS) (lS5b o2 5% - odls) (592 9 Com

(S e Ayt S5l 552 g cnr Al ool Sl o )psSI S g2 5 Cn ()
Gl es (55 g G 4 o]l L cl s ] LS (St 48 lis al b
e Oyt T olacie dmd daldl Ly Caomus dcy 1y ded e Lo 1 ST (ol asy Ll el
¢ A8 jelos o ol il (e 0, S ST S () (eb o) S ol b ) il
Nl ol e a <l Sl ) nled GLBal ) il s L5 30,5 (o0 Gl 4y o 55l
e Algien g 0,50 (e 2Ly ) o hgeld Sy il S p oy a by ke
o bl S a0l 80 5 ol LT3

A Jg5 ), S5 el 0,5 IDA* wli s 55 w2,6- 5 5l Lol el 1L IDA* | oS RBFS
S ol digy A¥A 5len RBFS ¢ aily o 6 h(n) iles] als , Slas
Bl cady a g ol e o Sle) (Sammn s - ol O(bd) (s ol ] 5L
RBES 5 IDA* . 31y (Stuay L 0)5 (5 5tenS 351 53 o (29t yeS (50 9 Sy
s PIDAE L 5l ol Lagl an 1Ulg o dlus oyl aS 0S8 o odlatwl Sus) aladls ||
Syt ©leMbl RBFS g cowl ' a8 aijn a S 0SS o o)1y o0 e SO s )| ,S6
55 oyl ¢ 0l 4l Lige (6,00 g akibls ;81 S o (g)lgSs alails 3 IDA¥ 4y cons |
S 51 48 ol a3y oty oSl i el by a5 o 31 ol (gl ply s y9S!
s g5y |y, RBFS (gopins 5 JSi . SMA* 25 S 4 iile )uiS s3liil 59350 4 Labls

Amd o Ui 1) Slegy 5D by

---_ .;usls
I 4T L "'-——--___ )
( S-L]:I:I-\H\ -Z:Tinxacﬂ;a\ Ze-n.u-:l i
393 e AT —— 140

R _/ I 15
{iiua ::I Fagar a) li'Cl-r (\1“:__)

B L A "—'&zﬁ L e AT
.--.-' .--_1_ . T e ”
'Cl?llﬂ"’;) ’:____Pi.re A ( Sabiw :'
=6 ———"417 — 583



1y S 1wy Eghae igh

"_'A_'\-.
([ijisnxf; I(Eer'ud\l
~—an S

: SMA* 5 495!
Slogin adasls ad o Ly g po adadls L aad o iyd 1) Sy opyag A% ale SMA*
5 3-8l 2558 a4 Sl S Slejn, S Ll i o) 5 s (el (LB sl 05 (3
o) Pl (sl el lablo (55, s Siome (555 4 Sl A3l iy S L] 5o o il
o)j .))_{ J_tb‘9> oalawl U]LSA_EBB )‘ Sl ,\_,))_99.&_56_@;.9» |) O)jt_i-i‘ SMA*c)_a‘

wle 0,5 el ool 530y s Mears [igeld ola 0,5 igd o Bis o)k ol 4 a5 ol

Forgoten node *'



A S e Egan phon

S99 S 1 Sl sl oVl Ll (s aija 48 W5 e olsal ash Bl (ol
& o)l SledMbl Lasl o (60,5 o ¢ aslonss Glis alabls jlas la ccs ) s
355 oml Slej calplin - 998 (o (RS 0 gald CB 305y re (e oS
ity 045 (D9l oo Sl 5 3503 Gl jpe b 39 Cb oS AD Wil gl 0)lgd L
SMA* _olss
2y o3l g yiwd B aladls plos 5l ulgy 0 @
LS o sy Sele md e ojlal Al oS s b ) S5 eV @
025 G o5 (8 0D Sl o LS il 4SSl by sy el ol o9 S ) @
sl 4231 39mg U ol s
O A oS (g 0ydd sl (LS Akl AT by 4 el iy oS ) @
Al Al dgng (I yieS b Bud) yuumne
S5y G ol (BLS B )d (G929 Cunr gl 39250 (g alibl 4 SLoj @

Cawl)8 o 4 SMA*

Sy pla T ylacio 151 ol diiugy sla o oy (8L (slyms 0y9-late dod ws oSl o a0 SMAF
S ol Bl gl e g (S Gl e 1) o) S pipe sl cail s b
1S o o o B Sy g Bl g 200 Sy iy Gyt Ly dllace ol SMAT
Al s b yoacs 1 gl dcgorte s Lodls 35 y5om0 SMA* ol oy San LByl aLS.
9 (o (sl abable 3 Sy 5l (Se g S &5 o )3 camd b S

raladls  Suony bl edd dgasee aladls gl o363l Cudyi 1 &S

IDA* < SMA*<RBFS

285 o i |, dabls 4l ¥ L SMA*42,68)1 j| e 5 IS



19 S 1wy Eghae igh

0+12=12

[H5=15 84+5=13

20+5=25 2040=20

. 24-+)=24

AH+5=35 A+0=30 2440)=24 2445=20
n 2 A 3| A 4 A
2@ 12 13 13(15}
B E G G
=5 =D =+ . =}
= 15 13
H
i
[ ==]
A ﬂ A

15(24)

Ja oS5 555 SMA® o, 81 I -7 ICS
IS 90 Jilgi
A lorossg i Wil aolg ool comlo L L dgd o ey A (slome 3LiST @lgs ¢ yisu ol 5
(Hlas dsgel S sl Jo ol ajp (SSlsendgy (SIS oot Plae gl S (S
VY s ol 4dl (o ¥ ol ladisl eSS b wgie aSU Bl (o dd> 50 YV Aslone

L g ol (00 sl &Ys sl a8 syl cdlo ¥l Lol 5 a8 b Ly (ol als o



S e Egan phon

AR L opaly s 551l (2alS 1y gty Jale (ol (e mlio (Sl s Sy s
S5 eesS adlsl |y oy sl a8 ool 5l (LSt (S dagenln 1) La U ol o yiabsS
5las)le A gloxe gl l) St jom @b 9303l Jod LB x

Cnl Josd ULl S pouel byl 5158 Cas ol sl S 3 48 Lo s sl =h1
D5 buly L1 LS JBlasals j1)8 uliel gl )3 45 Sl jo ol (o 12

o Lonly b 3lazel 4 L a0l a Sl 1 el zroms (glpplSe 5l o wils Lols g sazeo=h?2
diols LS alol oyl (5as 5 bl |Lolsh £gemmemgid o dmslbne &5 (ol dlold g
Lol ;- Ll el Jod JHB 35 @5 ol 098 (oo 0amal ™ blagle abold b e Sy
Do ooy 0D P ABaa @ dls e S Al S

dslome Lpgl (gl h25h ] Stisygom ol Judio a8 umy (o i ) A (slomo I Jlio 5 IS
il 045

h1=8
h2=3+1+4+2+2+2+3+3+2=18

7 2 4 1 2

S 6 3 4 5

8 3 1 6 7 8
Start State Goal State

xlg 4 3a Ao Jos oly aBly ase diadyglp ol 5l pS s vy jLLas) a5 jglailen

sl YE

manhattan %



v S 1wy Eghae igh

Cawl 0445 . 5 A o dgod ) 5
Poad o h2 b LSy g hl St jom 26 L Lo A (glome s 5l (gl 90 125 US55

2aa

0+4 =S1Ad .hI'EA*J.p_-'_l_-:._Ib'
?_'-1_5 -
e
LT
i
) Zna . R _ Faa
'._E 184 ]._:l 1.4 ]._J 188
i TEE TE_
_—'—"'-F_- -_-\-\_—-_
__.'——'---_ _-\-_\-‘_‘--_
e T,
ida PR Taa
243 e 2+3 ras J+d14_
TEE TEE
TBE - ]
-\-\--\-
-\_\--\—
i
—
- —Ba Zaa SEE . -Ef'-
33 Z1a 3=4 714 3=2. dde I 1A
TaE @& T8% TES
12
4+150 na
TEE
-___.-"
£ 124
= 5=2 724
_BE
Zan = )
¥ T
ors: e hs LAF e et
T B
_—-__-'_ T
_'_'_'_'_'__—'_,—I—'_'_'_'_'_'_'_'_'_ -‘—\—\_-\—\_-\—
s -
| i
2aa 288 Zam
1+6 1e4 1+4 “ag 1-6 1484
- iy Th=
_'___—'-_-- _---__‘—\—\____
-__'_'_,_'—-' '—\—\_\_\__
Tomoa 2_4a -
M3 14 2+3L.1R4 2+5 14
785 ?-E_\E_\- THE
S
i
b
s
G 5 Za_
3+ Uxne -'"4},:;
785 J
124
4+1 [tma
TaE
5+0 i



VY S e Egan phon

e 03b L bF L aS el g0 et g8 oSt ygan @l CinS s gy S
J._wbd J—= o, S—os 9 LN $T > J‘?) Ja_,.uy 48l u»).u._f slao, S ol )_ﬂJH

N+1=1+ B+ (PP +  + () D9 oo dule 5 Oy 4 bFlS

S oot eSS g o 5T jlualisel LB Ges a1, Ju o AT Flides o
.l_'-. e |

ks
N

3 =1+ B (R (YD =192

e S 9 L (29— Ao g (0 Sar S sl degeme g9y DT (65 ojlal b
a5 LEIST gl (gl B e S et e IS el 3 1) Sty 30
2 olnls s Sl i Vs ame cowy Sy 5 bee sl oo et el T ay S5
S S St ponn o 1 bl 535005 T asy 5o lail )sSLs a1 Sty g0 S
Dy oy (SAS

A bl

h1 o h2 oL (ail Jsud JoB h2,hl 4ol 4oy L) h2 ()>= hi(n) « 1, i) 4 , 5]
L A% 48 ol 0,8 3 ol 15 colio g g Camcs slpm 5 3l o 5L tm 30 bl
hl ) Le b A% 4SS ola oy Solis jl i j S ans (oo oyt T2 (65,18 a4y
Labad aoly (o 0y S 2 Ly A% (g diusg an aS (dl 0,5 jo im D9 dmlyss S (oo b S
d pomie Sl pSes Ly A% (] 1 0gMe il (o 0y S 55 hIL A™ (gl 4y
FS o5 oo L Jod B (Sl sl el iy adpon 1 gdy (65503 sl 05 (1S
2Loj o 295 2 50 St yod @l ol Jade (¢ Al (loj 4 by b 4y £, S oalaz il

Effective Branch Factor
Dominance *



Y S e Egan phon

A Slore (B5Lai Ao diged o Jo (51, IDS ¢ A*(h2) c A* (h1) sl gocims dunlio
LYl sla 3o LA 5L dolas dius dges Lo hlgh2 lisT aily cus 4lp
L A% (553 52y Cunr g 0kipd )5 (o (552 5 o SaS g Csl 01 1 VF
0,5 dw S g9 Cunn (g Auid po ) awslie pu5 IS L sl esds > h2, 1l eolal
5 4 g Ly aond e ot |y bagmis o) 3 e a5 5 a3l B S slon
i e s 5B A% g ccul hl jl g h24S e85 ams les (o (Jodn ol 5l Jools

ol $LBTLIDS

Poe COlaiil 13506 § galws aisie o anlis

Search Cost Effective Branching Factor
d IDs A=(hy) A=k IDs As(hy) | A*(hy
2 10 i ] 245 1.79 1.7
112 13 12 287 1.48 145

& G80 20 18 273 134 1.30
8 6,384 i 25 280 1.33 124
10 47127 o3 El 278 1.38 1.1
12 64404 227 T3 278 1.42 1.24

14 347504 538 113 283 144 1.23
18 - 1,301 m - 1.45 1.25
12 - 3,056 163 - 1.46 1.26
20 - 1,276 &7 - 147 1.27
12 - 13,044 1,218 - 1.48 1.28
24 - 39,135 1,641 - 148 1.26

Moo Jowd b L
il oas Bl o) sla ySlee cla Codgdme I pam 45 dituen (B luo odd i 5 buwo
alge Lo ySlos g9y y (60 Cudgismo Ly Plus oyl il oad ool dins > &)le @
Sl 43y 5 s ym 5 algh 45 e S A 15 )9l A slame iy Sl
2 51 uS e lag |y s oly cp s oS hl oLl 59,0 JLS Jlgomen (¢ asls a Laid oo
U352 oS e Il o 9 (3 258 JLihe G b 53 gpe e 4 Mg s

Relaxed problem *



20550 5 53 1y Aslane o
€3l JB B g il B (oogas b a8l s> or A 5139, B &l 4 Sl o A &5»
2,5 Mgs Coly dtune dw (g5 (o0 (398 Juol I L yd g3 b o Bl

LB lgs o AS1 30, B (o 4l 4 Wlg o A Ll @

il JBBSIag B s alb auly s Al @

Db Jate B Al 4 wlg 0 A &b @
s S gl apd s 00t RS oy L Ly a5t Sy oad i als Sy > Yoo
s > aie Jo ol a1 uipcs) dlas S atie S ol 4 jaogn dals Lol
ST g ey diuo yog,) 5l edlaiwl Ly ABSOLVER s a4 (gl asliy 05— daloss Lol
S Sy jo &l aslip (] WS (e a9 LS 398 sk 4]y (8 LT gl S ole
& gl conoman sl ol Cl gasde (LS g a0, S a g A clase (1,
- Cal 03)8 1y gy slore sl 1 ko Bliis]
gl gmozme 15T ol St jop @5 (e 8L e (LS alg )y @M 1 (S
sl 2l balus 6, 555 4 sl Soun o madl «sb |, h1Lh2,.. hn Jood L6 Lsless) algs
h(n) = max(h, (n)..... h, (n)) ol 1) Oygo A St youd U oy yia0 ol
dan aSuibool Al e 55 coiS L hLh2, . hn Lilecss) alss j oS e Lolicss| mls oyl
3 by ys5ie ol plos  h el ol y cl Jomd U 55 h el Jsmd B ol o
S col o)l SLeMbl jl ookl s (g 0aiS Rt S Sy gloc gl KK Uiy el 1S
Voo aile g (69l geon ( Jluo (03I g9y gt (slyn! bawgy Jlgy o leMbl oy
=l gy culys j0 9 g Sl Bolas jobb ay g aiil a b 1) Aglons (i3 Lw 4 aius
6 03] 39 48 g il lacdiliae sl St (6)lal (ln alos Cilises (b dsiged gl ys]
 dltas 5 5l Soo iS5 5m sl o ol (ably (o Ao 5 0y sid oS LM Sl
g b S e (Blass] 2l S gl e s e Sl (LS il oo (S

ol »pes H (n) = Cl xI(n) +C2 x2(n) s ulo Jlio oleis a5, 5 odlaiwl pls



vo S 1wy Eyae po9®

4SS Hlo mem gla 4l | Sla coas s X2(N) g Cwydb Lo U La 4l slaws x1(n)

ity (adly s atm L il (ol 1,020 Lo 005,508 g ores j ham el

RWIRWJES
e (S99 Cum (S ok 55N

g2y G glad aS wing 00l (b ()9l 023 (yp & (e o o peN (g8
L S Gy (i) U Ll o g aiols (o 8 (s 0 9590 (pa5 ) pa8)Silansas yobo 4,
A o S ]y dlis o oly B & iy oo 5 M 0 (51 4SS o A
e p3 Jlio (e d Cuns e Bid 4o () e (oo (6 92 9 Cunar (Sl o168
5 L g9 ml il (b pre iy (b LSl e g ol i (20 i S s A
Oledzda)lS oty e« VESIawizme sbajlie (ool s b jl 3lj slaop)lS” Jolos
Sl (Ao (G529 G 6L wi)p SN dn ) S1adl (o 0 g SIS )3 by ol
1) sdes Cute 90 (Jg Mt

A o ool oS dliils oSyl @

> oy st colio Suilostusw slb i )9 S 48 (oo Lielig S5 Sl slalias 5 @

LIS (o g 2 b

Ao 5 (il ae S5 e o il Bun (8L 1 0gMle (e g i sl 068l
S el 2l o Vs 25 SO bl cle Gy BL dgeaie 5 Lus ol 3 atten

S da gl b (o Lad paw 4 (e (g Con

s gl B (FBaa) o pir nay pSla

() i p Sk

Objective function *



V1 S e Egan phon

Lt 5) it s 5 (395 e s )l Ly 45)o)Se (sl pigipss o 5L
Onby 4 Gl Bas asb anie L jblie oLl 55108l (0 (398 (o iyl Bin 2 ke
Ly 4 oy il 8 Goam sl Goam wls U jlite L)) 4 81 ol 3llas masiso b 03 (o
S Sy 5 e S s ] e iy (5L Sl 5 le oS
e gt o2)s SIS g al o |y ol Bam dg 2y g0 0 Ll e (st
b o ) Bl pasieo b pe Sl o)lsamcainy

cbe o (AS cd bs S0 5l (g 48 el (1l (e (6 92 S (sl o )oSUl ST (6 0]
S L 4l o)l 550 5 b (0l 3 I S (o0 9ol B 1) (8 I b 500 ey (b
e iy oS ol )0 el dins jLo 5)50 ledbl plas Joli (ings &S oyl (b Cunsdg
3l ol caS oMol )3 s ()1 )0 (Sl pLodl Ly g 9 03,5 9,5 S8 < b
A Vil ale 3,8 il S () BB ol 3 48T (e et la oiys S o)
S5 )oY loee 95 omina YOl > (il 4=V 63,98

1M (53,95 4 Spdime

A YL By b ay pma S oo eS8 L)l @l )hhde ili8l ey wi oS
45 iy S ol (o asls o paily () () lon a4 ols (i Ay Al 4
Slas > (e gmus (25 (62,55 4 WS (e ol )l cdl (Koluen 4 i (03)95
DS o L5l aluon o tap 48,88 sa bl a4 SO g | 0gb (e 0a el
Ol LialS oyl mudl aijo (ialShy (e porine JLid dy (6395 4 o910 51

gl 0duels
Halitls fas b L& 4o o s g .:-_.:5 LT YL aciloe A

L=

function Hiue-Crmiiva( problem) roturns a state that (s a local maximum
inputs: problen, a problem
local variables: current, a node
reggphlbor, a node

etirreiet - MaKE- NOUEINITIAL-STATE] froblem])

Inlrp llh
neightar— a highest-valued successor of currend
if Varvgneighber] < Vanvecurent] then return STaTe[ewrend]
el A .'.:'L:_,LUJM'

Hill climbing ¥



Yy

S 10 )de GEHas iR

D9 (g0 gty YD 4 (63,95 45 i ysSl

oo meu SLojllolaisly o garily (B o denl 48 ol gl A BM s pou 5L
09239V (Hy Sl 3o oy Lo 3555 0 oo Ay o A dlies ) sl ialioS

(el (oo woujSlo (63,05 1 (955 2
Olilgms 45355 o oo (sl meusSLoajl (ol 4y dyoie (diws)atlos™ La aflod
09y Y cdlbase e A dllce ). coul (6138318 alasy ) slo o )9Sl oy

(098 (ool (62,98 2 (299952

oo ol LSy L)l @bylide (1 a8 el el glas pda ol as b oS
LS 93,0353 9Vl G 4 oy s 113 48 Gl ote moy L ladgng <M

Csl (Sae (6395 4 Goprind,S 9y ©B) iVl (s (e o] )b 48

WSSl ialy M8 ywles

129 A JB.s 1 (53)93 a3 (soiums

A e Ly R B i b gl g i gk S ol Sy e sl =

Local maxima %

Ridge ¥

plateux %
shoulder *!



VA S e Egan gk

L ()95 4 4 gyl 47 (6395 4 o yp bl 0ad gy lae (63595 4 | Lalie slo )8
G590 4S5 (93)l30)3 A8 (o Joe @yl o) (358 (oo 0ol 1 G o A
s idgie ad> oV ilan il 38505 By g ) (o Clo A Al o ey Lagie)gh 4 ol
S 45 ,ke (63555 45 1505 Elgiconl camlio o pgnbes W b Il (Lsb (ol 5300
D Balas 53,95 4 @
Jlol a8 o olsal (Bolas b anly (o 4 YL ang) i8> ol ad> po )
(52395 4 (hg) A Camd (g ol (e Yo dgy &S o b el Ll
=) syt J> ol e (sla Lo o npd Llogd o |, Sem i atual e d o jaisl
b
il 521545
Vouy gb 28 e o o il el =

L S et Ll g e ) Jll

3 Br—0) 3 B 20)
o B AP

(E) B E
I\“ I} '!J:"“x L B
“(?“1 T7)
— e
C 3 " I~ ’
\O—E) L —iE)
i k=4 Py 5=
¢ F“.

A= e,

©

A - b= 1
¢ —{H)
I '-": I'?":i'

Stochastic hill climbing **



v S gyt Eghae yigh

2T OB gl 53,95 45 @
slodnle ghls 48" blao (sl (hgy sl ()ls el Lyl (G0 3YLE uS

Sl oyl 3,5 45
Uas oudy ol pob i |y o ole Dl & S g2, 6 45 Olen —
A2l i e T A

L
o )
Pt oY '.-‘-.'-'.:?.' — A
i _ -
= e o))

=] it L)

i =
\._-.J: — ..-—\‘;-"-' l_.-- -
A= "“-I?, . A b= )
B i E 1 _— R
W = ‘;»I .J'-H_ Iﬁ.\'
) = AP
:"': i _ “‘--_"'l
Wt L oy
k=] \B{dj—, N
iy | £ o .
| C e H } it
-y h_ S ET)
§E S A4 L
oy
Lo I

Ozt JoolS (s (= lol (gl (Solas) 398 00t o)Ll (63555 45 (slaen 5N
Hgd goi iBgie llae ey iSlo 19 Ngd (o0 idgle (oo ey ST

T Bslaidacm g9, (53,93 45

4 logminjl gy S Ghy)y =l WS s 0)lgd i 3850 )51 Cnliiine () (]
P9b (oo ibgle Bud b A )l g £oyd (Bolas Ayl Cljl a5 D9 o Julid]) (3,9
Sy gl el plas an Bua el plosl il el o8 ) ol S A Soap Jlesll
Caglbge Aibly (oo (2 plawlionn g —A s (slpaiome (BilaT 95l (63)55 48 Sgyd9d (o
g 4Bl o5 Lagdley (e (sl oy e sl ST0)1 (St b s IS ay (93)95 45

A8 o Iy (293 > o) by (B5lad same g9,k (63,93

First-choice hill climbing **
Random restart hill climbing **



S e Egan phon

[ A % L - . ¥ oaa = . . LR I
(o5 e algs (g, ol T ) bl S gt b g3 8 a

T -T'Il:-l l_{]_..‘._‘_._._:s Ls 52 .'_'._'||-_.ll L_{" -_.I-ls .l\i"- \.:. s

5

Dl S3B3E3FX
GL J © C3>B3E3FX
v EI HX
6 C3>HX

(o—(¥) A>D=>G

1yl (5w A (S92 9 Com o2 59N

aip by i)l b o¥ls Bl an (m (nls 4 9) &S o g ojlel &S (6395 45 os5)
Gy 3 39 Ciigin e ot 5a S 53l (5 Som [t mnd JolS 383 iy YL s
LS Lol eins] ol iolas 90 s L iy Lo o] iy doleas MlolS 8 1o S o lie
5 P o (SR 90 2 U S oo oS (Bolas e Ll 90)55 4 ol e s
i oSN ol S sl il ety S s O)ly s (il A b ab aab 1y LlLS
o 3 S (5 e 4y Sy S oy 58y 5 e 31y (LS 2818 S0
b e 35108 (o )38 (e moninn 3 s 03 20 055 510 S0 5 3 ) Bl aw
s ojhl an e a8 cl (ol o ol S )L (e mesies Sl 085wl o0 e OIS
Slas 09 ool (LSS (gy9db als Lal e 0gd 2)l3  ore mouivo 1 g Lo dgd odly LST 8
535 (o 9y (OLaj slod) 11 (LSS L &l (g5l and o268 09 )18 (sllae oo
b 53 (Hy 993 (e SLBl Al (e (9395 A 3 4 Sl (1l > )l (il 4
>k )l il dnd @) S-S (e Clol (Blas je b 4 La ssle )l (e
A A S oS50 polie (53l diae Bluo g L 4058 g0y laje VLST @l

Lol 5350 (63,95



A S e Egan phon
(]
©
a9 O
& =)

0k 6 St SEIUT IS iy, V-1 IS
P sloxe 51 S 5 Comer
e 4 S5 adabls 30,5 S i Ol (gl dnd g (99)95 A Al S sl b
D5 o (5> 4SS akadls 130, 8 K0y 5 S sla dn (e 95 e wipsl ) (Jg i
Lo plas dlnyo y 3. 4S5 oo gy a0l 0l g L33lass yodo 4 48 cdlo K b i )sSIl oyl
el ) 395 o ChBgio w9 Sl Uil e Ll 5l SO ST aS e aJe |y ek cla aw
Do 0 ), Jes cpl g oads Ol laae Lo oy el el kK @y gais)]
($3)95 4 3 48 Cel (ol p3 2o (Bolad g9yb (63)95 4 L (e 6 (s g G Cglis
S w3 aS b 3053 (oo ol iy I Jie gotus w018 50 S (Solad g9
Sy 3 395 o e (5e (st 25K Ot e LD e 55y (55
cdbk Lo smle opyipe 5l cdle k Olsul cls an Bolas 5, (comtims 3,05 3939 bl o
S S0 tnle S ol aSob 4 ¢ IS o ol L dnle e 51 80las jo o 4y |,

Al oo dmlo ol (35 e 51 Balas

(o SH 2 S Spl

el = | = . .
Ll ._Jl.a-kl.-_!.h..ﬁ.:-i;;.u \

Ik gdm glaldle aes sl Y

bl sl 1 oy 2 Uk (1SS Y

.
ke 3

—

b33 o8 & 28 5L ¥

Local beam serach %



M S igeye Eyas o

7 S55  9)
) ily el g3 oS 5 3l oaa Lo ol )3 a8 sl (Bl 5 oot | (o9 S5 oSl
Sl asgaome Ly (oo 95y (goomins d il S pt s S Nigd (o a g (s Sy gl
o duyp Ly el 5 )l o T Cmes dsgame ) 45 S e g9y iobay s K
A s 3 Db o 03 Linled (Lo S g a0 3l gl degome L)Ll ol slass I (ol aus,
D5 )8 e A Jold (Sgiw )3 0l jjg pp 9 WS pasuie |y s A LS b el g
ST 07 ez il poia—eg S s g Mg (e 0dpel s poigeg S Sy pi oSl o L el
S Ay ol g slad )5 5o 5 Cuns gl (JolST o s K S S o sl 0

Ml (oo B3 28 4 S5 oS IS

N

Ll poigog)S o aS Cow Lo pojang)S 5l (sl dsgorme Comon S iCamer Wlgi @
Cowd 4o (gl a0 Bl sl vy Sl bwgy Alg o d gl Cumes sl Sao > oly S
§ Conr Ban 9 (oo 03 Clutil 5,1 S pojgeg)S yb 4 il pgjeeg,S (bl @

Al o0 poigen)S (s A U] 25 M S5 s

Genetic Algorithm *°
population *’



al S igeye Eyas o

Slass ol a1y s pajaag S 5l cie So Sl cliles e 5 VW Cllas @
F 38 (e LSl Jol pgjoeg S il (Bobas (s adall S g 03)5 Sl
4o g Oldes S oLy ol o Ly pgigeg)S sl b dais o] 5l pgjgag S 90
o iy JUil olee 45 (5 S s 9 03,5 CLS ) pgjeeg S S (Solas jobo
A oy (ol oo & pojges)S ol 0 3 1y el ja A K05 gt

Lol U5 359 (o (2Ll 0)Lugd Cpmon 3l odal Cud ay syt (sl pojgen,S ol > @
J=8 5l B b oiys S jlads jo (ol a0 b 4 S il Sl als e S
9 o5l La pgjgag)S 5l (Bolas Copmen ¢ Cmar ol o 3l 0)lagd b dsyrs 005 (s
D9 (o0 515 v ysN]

A3 o LS 1y 5 A dlus o gl Si 03,03 5 e yo5 S5

32748552 32744912

T

24748552 | 24 1% __| 32752411

A

24752411

Y

/

24415124 | 20 26% ™| 327523411 32752124 — 32b2124

32752411 | 23 29% 24??48552 >_< 24752411

/

32543213 | 11 14% ™| 24415124 24415411 —| 2441541
i) (b} ic il i=l
Initial Popmlation  Fitnezz Function Selzction Cros=—0Over Wutation

Cross-over *®
mutation %’



S 10 )de GEHas iR

24748552

32752411

(32752411 |

[ 32748552 || 32744162 |
[ 24752422 || 24752411 |
32752124 3k 2124

[ 24415833 | 2441541F]

24 48552

23 29%

- T Cross-QOver TS
v e l:-l_‘a
24748552 |_24 s1% . [[32752411 | 32748552 |——| 32748012 |
32752411 |23 29% 24748552 | 24752421 |—| 24752411 |
20 26% | 3=-2?ﬁa;11-: [ 32752124 | —{ 32F2124 |
11 14% | 244153'3{4 | 24415411 I—-—l 2441541@'
e el L.-.:..i:-_- Cross-Over g
24748552 32748552 3z274efifs2

32752411

247'5:351_11'

24752411

24415124 |_20 z6% ~[[32752411 32752124 -[3F2124 |
11 14% [ 24415422 [ 24415417
L2 e bzl PP Cross-Over —




g S igeye Eyas o

S r:_=-I_‘>

[24748552 | 24 s1% _[[32752411 | 22748552 |—=| 327482 |
[ 32752411 [ 23 29% ~[ 24748552} | 24752411 |—{ 24752p11 |

[ 24415124 | 20 26% ~[[32752411} 32752124 || 3324 |
i |
[32543213 | 11 14% ~[ 24415124 | 24415400} 24419417 |

Sl sl s s Cross-Over s




A1 LBz ye Egmae hgh

(CSP)cusganms (55,1 Jiluws ity o
1S gel Aublgd fuad oyl 3 asdl

Jlo x> 9 Cadgaome (SLS,1 Jiluo Ly p2i @

CSP 41,0 50e gooins @

(Forward Checking)gls ag, Jou5 ®

CSP Bl Jo (11 B Seiaw o 1 23l @

Cudgame Loyl Fluwe gl oo gomins @




AY S 1wy Eyae po9®

("CSP )eudgam L, Flwo
Gl dcgommog X, X5, X, b s jl gl dcgammo o wgi CSP L codgi e sLs)l Sl
polae 51D, a5 U g aaly s X, pie ya Mg b o oy €),C,00, 0, (SlRiuD90 0 ]
ol 45 (r5b d Cnla el degamme 5 (Al Jold € Cudgiome ;o ASl o S
Gl b edl pa 08 o jasuioo |y Lo dcgomme 4o ol jlome S5 polie Codgdse
Lo o 1 S g gl b )3 culalty 095 (o iy 5 gl plias Ly o stz 4y (g 00l
L35l lade

LA el Al |y (e gk oS Cul plual 1 )5 jlw olu! @

Caib o e yp a5 ol o]t JolS Glw! @

oly S (i 8Bl o S0l g 55w sleolw I CSP ai o p Lo o olyz Js bl @

1S o 035l 3 |y L Cadgime plad ol 1 0gMe la yite ples Jold J>

108 pesSloll, T Gan b oS 1 s leds oy 4 LCSP I as

| e

|  Northern l ) J
i Territory

Western Queensland

Ausltralia || (T |

A ' ()
S ' South P

| Australia = g

| (54) : New South Walgs
. (TSW)

| Vlc\t;r_l-a_' B
)

Tasmania (‘I‘)
{WA,NT,SA,Q,NSW,V,T}: b i jl ¢l dcgoxe
{(R)30,3(G) 300 {B) o1 }: (aals) yoolis j) (sl e goreo

c,:WA#NT,c, :WA#SA,c; : NSW =V ,....

constraint satisfaction problem '®°
Objective function '*!



AA LBz ye Egmae hgh

WANT={(R,B)R,G),(B,R),(B,G),(G.R),(G,B)}
i WA= 30,8, NT= 5, T= 50, V=30 8, NSW=300,Q= 30 ,5,SA= ] |

ol o]y Sy o sl JolS o g 5 o s )

=t

T-ﬁw

b o o)S s Codgiome 1 Jl 1 Cudgasmo IS

:;.L;}.u»...-._]u_,s" =

=
.#Jﬁﬁ;ﬂu—:ljlﬂ_’é;ﬂlﬂl;_

5 _ . i - I|FFF ("
B T LGy P L | Jgy P PRy

(i)
(o)
o5
S
i3
@
(Ol slons) ' 655 50y Aliams

d93 dn oyl jl gliie o8, SO By pn ol 0 aS el ol Glusl ) glare dive > Bun

2ol oo puono Al Cluil B xes 4SG jsb 43S

FORTY 29786

+ TEN + 850

+ TEN + 850

""""" {F=2, 0=9, R=7, T=8,Y=6,E=5,N=0,5=3,1=1,X=4}

SIXTY

TWQ
s+ TWO ‘
FOUR s ke

102

Cryptography



A4 S 1o Eoan yogh

{0,1,2,...9} :auls {T\W,O0,F,U,R,x;,X,,X;} :
T#F#W 0 #U # R . 5L awils cglite polie b yuio : by Cudgime
All different{T ,W,0,F,U,R}
ST Sy ann, § bad 90 90 sl Cudgize d g o |y Alldifferent cosgi s
Sy (oo YL (6 ddipe Cudghome ym 298 4S5 )3 CSP dltes S sl (BB sl e
D9 S 29990 (sla Cudgaze 4
)5 il dlgeyd 15 Cyge @ ly o 1) 6)Kje) dis
Pl bawgi oad (30l Bgpa iz b (6) 50y slone St Vs
ol 005 ol Lows 13 M 48 08 05Sls 08y S LTy Gys 2 gsds t b ,Rlas
B35 oy gusno dlael jl acgame g Canl pBy) Jolis Lo Laxe : DR 90 3]
SO D s (G A 5B

Q, Qz Q; Q :ﬂ}9_f dno

(Raxa} : anls (0,.0,.0,.0,}: b iz

5555 58 by gt b s Sy 53 5155 o3 L oy b Cpdgione

LW N =

0,0, sy {OMHOHTHENEN)(EY))

)‘ kY] u)l.& CSpP Oy d Ao ul.y tglg“).o
&L Ol e (Obdslie Ly (ol piie (5 asgemns ) Lo el Sjluilond jiolos Jdd ey @
23l Jlesl B CSP yo (gly 4,0k 4 ey JS S5 4 |y Ban 905 9 Successor

0PlS ey 3 (Bl jaass 4 s o sgei sbul 2l 5 IS Sl Setnjee ol 0 ©

Al Al aiue



S e Egan phon

s & Al Sy 1l iyl (g5l agod 5l o3liil Ly Ul oo CSP altuws <S4

e &yl skl

0, e (g pite b o] a5 JB lul 1 adgl Cls

S ole ite Uy 5 8155 0305 s Mo 486, ite , a4l Alg oo e Sy 2 ans bo @il

a3l 4l sl wl 4 S jlaie M

$ & | sl JolS e Ol LT 2 B yg05]

sl yo ym gl G (g duia ot e (5 A 3R

13 s ol Al 4l Sg g yie N dlics y> 5511 il JalS Glacsl o s ol o 1aiSS

S ¢ oo (e 50 (plpli 38l (o 1 Bas b i ©B )0 9 390 dnlst N Bas

JlS el (s g b 51 51 el asly o CSP altus Sy o (sl (25 il sas

-8l Ao CSP Pluwe (gl aiilg5 (oo j3 (e oot (51 o yoS) oS 0lan]

:CSP Jluns glsil

6l aels Uy S L iz Jolis CSP s g5 0,5 ool : ok g dwemn’ ()
=3b) S50y e g A e ¢ 4d B (g5sal S5 Alts 2o WL o ke
gocalid ol s iie o el ojlasl ,S1as CSP abcs Sy 55 S1. sy cCSP
 a3ls O(d™ ) oS Sloglecsl s1ass oS3T 13 by e SN
a5 bl gla a el couwl fp Son dt S sla 4 iie 1 BLloly e (¥

cLayls gasiley o Jlie fleis an . e ads ) U guoco dlael 5l ol ac goome Ao aiily
Pl > 43l (o oo slael Legl (- Sao jpolio g ol jite 4 I8y g9, )
3l 5lome S 5 plad i)lacs Ly Ll Cudgime oo o (snlizel (cla aiels L
b 4 job; 51 Jlie plgie 4y ool codgazme (s jlasl ol (sla 438 Cin s
(soluals J Codgimme (L; S a2 plodl job, 1S anl wi S Jo b

O e cply oM e cwl L Sl‘ClI’(].Ob1 +5< startj0b2 J—e s Lo



) S8 10 EPas Y92

el slass 105 9,5 o (Soe sloglunl plad ()lass Ly s (0 ) (lagadgiome
- Gl (Bl
Joliio jloumy diwgn sl aeh Ly codgasme Loyl Plue =dlg (sLod o : dicwgm (¥

> lej clialie 4o Jola ola s GoSul (sgy Sliolefl (saiile; e Aitua
2920 (35198 5l Aol a8 dit s (gl diigy la jiie saalice 1o (bly £oyd - 3) Sl
sy Aoly Pluo cdiwgn (¢ dnld Ly (LaCSP jl aiwd oy y8g 20 . S Cnd
S aS asl ad sla (gglasl @ygo o ol La Codgiome il )3 &8 dits s
sl ador sz loj 3 Wlg (o (b (g dolip Plas . 2SS dbm] O (g 4l
D398 o by peite ol bl

1 L Cydgame glgdl

NT #£Red . 1l e 5 59y S (il

WA # NT . 15l piio 93 (g9, Cudgiome :"*‘;stfga (o

0l 655550y dlis Ao 3l juite Jiib b A g9y Cudgdme 'O YL A pe (2

T#F+#W+#0O+U #R

Cadgdnme Ky Lol 45 Wb o odeal | 3las b JolS cla Cudgzme A5 (53 45 b Cydgdone

L8l (oo 00l > ol S Bl (sline 4y (3l

4 8 Lo 0313 g 3 Lol ol b 5y U ol S b cgdgaze ol 3 1Y 13 Cugll (sl Cudgase

Y ogdyn a5l 530S G pd o A8 (o0 g S X b oSty Gloj aslyy ) Jle lgie

Vel )X joubyy 48 398 lal gl 895 4 Sloj Jouor ST py 0 b5l am amd (o

M Caglyl sla Cadgiome Cunsd dinge > ol Lol 398 (o0 Cguone S ol o LS 85 10 ) A

g Jlesl b yusie 1 SO Clal pd d e Gyge a4 Wile 0

unary '

binary '*

High order '®

Absolute '

preference constraints '’



Y S 1wy Eghae igh

¢ gblite SlalS Joao o ¢ 1055 A ¢ guiiloj dlis : iislio CSP by &0 > (sl o) Joluao 10085
g 4l o gy Ledaile i « bl (gaislej ¢ () K530)) ook (sloms ¢ 4l (sjpel K,
Flos a2y (o o |) (oM an (oS dp &Sl wle oLl Plue o 5l (8lg (s> Piluws
A gaile; g B Jeo (sile;

A5 Sgpm 5 4 hos i flp 3,5 gyies Mol CSP g1y '3 Rdie sorime
a2l ARSI 392y puite Sy & Sl (gl (g prine Hlade (B g e e | pusie SG aw a2
ol 3alyS5 S50 Plae Jo sl oS ol SlaBTL o o 6 5, Kdie (cgmims « 33,5 oy s
LS g 5 Jhe 4

3,588 gy 41 359~ F dlune Jo:Jlo

o
(start)
a""’k\-_-{{-\""-\.
.-"H-- H-\--\""-\.._\_\_H_
= -,
T (12)-
L _,A'l .
- .
7 /C \K\HE \\:&a T
v il .1 T T H'““-n.___
(21) (22) (23) (aihe (1) (22) (23) ()
NS 0 A N B N B e
% P 7 S S Xy
g Lo\ TS /
- T R ~
31\1(,.-1;‘ r’s,s' “!f;,:tu |’f.a1 (1.2) i/a,;‘] f’ﬂ;ﬁ "G,l'l
iy A .{ R W e

YT Y N Ys
1 | ]

OIOIOIONOIC)
¥ X X % A

J> oy L AT T N)(F))

Back Tracking Search '®



Y S8 10 EPas Y92

D5EE (g, & b (g imel STy Wlume JorJlo

e 1. —
. - 5 &5
L "- = "" ‘E";_- ’
T
‘3 vy 5 - ‘
i
LSl ot
L
o oo
Pl ki QL] o i

el Lo M ki (9 5 Cudgae Ly(MRV) ' a e suloudly paliio (il
MW S
3 Ty prine plie o yieS &S oS QLI ) (g pusie + 0]
1l 4y LSt (o
dgdue OBl Jgl dnyd oy i b yusie 1 o)
Mg agamme o S b lalle SLEST (¢
P Sue Bl oilesdly (gl pusite Sl dlie (pyieS 457 358 (o0 QLI (6 e 1 o
|y yctne y3liie 3y taS 4 LiSo L5l ) g paito 45 el 5l s, ol o) MRV (Gl

AS Cml (g yutio ¢ yusio oy Fdgd e L A She Lol )yt oy Sdga e JHle 4y Ly )b

Minimum Remaining Value '
Most Constraint Value '°

first failure '"'

least constraint value '



q¢ S 1wy Eghae igh

Can S Lo Jlassl an a0 Gl (g puxio Cyso ol o)l 1y aioly o iSog S

CAbaeled dalge yosn b gt G ydg 004 axlee

SSEM SURS SSE S

uL’?w‘ LSWA—SW—{DA—U] uL’?w‘ o ‘) ula.w_" )9A§l_9 J._a..im u.,_wd‘ dé:)b LS (u
S youd ] S0 Jlasl 4l Clucsl gla y ko g9y 1) Cudgdme op i 4 S 35 0

R~

SIS 3 as amd (oo i |y s)hde (o) () 1 Cudgatue (S b ylake SLEST (2

b o i o dloul ) w48 e olswsl Ll s dn alucen (cla piie ¢ Codgie
1y cyliiio 45 el ) paito Sy (gl oy ol s 00l )15 L it (gas olucil (sl Collan]
it 11y p3lie cyptaS 45 |, e Uy 08 e olswnl 48 e slonl | Cudgdoee S &S

1S o Gl olesdl gla

‘” Alows 1 wale for BA
B

Il ILT#‘l LT_F‘P|'~:<‘# Alows 0 vakses for SA

(A= guals” i) § 25 anls (30l S5y oy pIASTY 9V ogh (500l ) ) am



% B i (Egan g

Degi3)=1 -
Degldi=3

Degis)=3 J—> @
Deglf)=2

"y o .
(FC) " g pubis ow 52

g oo Bl il luen ke ] €8S lade (o piie 8ot

-0l osilos 3L jlxe ke g yuite Sy elyr 45 Ml o el olSin u2y )55

A HMHT =] M= b S8 T
LN Y Iy i iy iryiiernl
:P9‘) flf

(R —eE—e=0 o gl

o) P8

Forward Checking '



u G e (Ehan o

b (o0 4l (0068 g (V pusio)osilod (Bl ol (silbme jlado gud a5 madiw) (6 it 4
WA NT Q NSW v SA T
Initial domains RGBIRGB|RGB|RGB|RGB|RGB| RGB

After WA=red |(R) GB|RGB/RGB|RGB| GB|RGB FC Jpss

After Q=green |(R) Bl @ |[R B|/RGB BIRGB
after V=blue  |(®) Bl @ |R RGB

ALy Je lasl pgi (sl piite g iy (a2 40158 25 (o g0 X 4 Ol (B
o QL] jlade Ly 4]y (glide y o 5 ol o X any Cadgiome Sy 515 5l 45 0,5 o
5,105 0uleuBly jlome Hlade g yuxie SO aS Glbj . pesS o Bl Y Aoyl cunl plp X (gl y
gy oy 13 255 (o JLS SA aiehy V=] Ol ey a0 (0 4sib g
Canss )55 dlus sl codize L «WA=R, Q=G , V=B »Clusl aS s ad o asuis
S Jl 5 @y 1) (AT e gy (il 23,5 (e e d Sy a0y Sl
cAS ol ool 03 e

P G dgane (HLisl) isy

Samly pasd Ul e ) Ll dem Ll a8 o S b ()50 51 gk gy oyt 42 ST
ol bl 5l o w0l o ks SA, NT sl Q=G 3 WA=R 555 pgus jhas FC gt 5 Jlio sl
Olois 4 ]y 390 ol gydey (o) P Bl Al SluSy SO, Wl ced g B)lgmen pate 93
S el sl (6,55l

A8 g yuditie 4Bl Olus] (gl jpio dy Bl sl gl yusio 51 1) by Cudgdons g by oy oyl
U (i Cadgiime sy bk padidS (ySee oloj (2539) 0 g (ced 1) b s plo L
e 9k d Lo Cudgiome ))Se yob d Codgaee Ll puate plu e 4 59y Cudgione

A oo NTL,SA @ iy 4 GLWA 5l codgasme wledbl Ll L8 Jle o )b 086



ay S 1wy Eghae igh

o403

WA HT a e w A v
LN EL IR IR I ILEN LN ]

(=] sE EsE BB ESE] SE[ES N
[ — Eoes e BEeE] wmeaee

. .. . _ ¥ .
190 o bl b La Codgime Lisu ¢l zusmo ey S b Bl sl L LB

Codgaze Bl 5 o 4l cqs JU ARC I jolais . sl gyabis (owypr (5955 5 (665 Hluun doms

35290 Y Sl Jlome polie (phm X Mo jo il 4 STl 5 ST el JBjle X =y b el

sl

NSW=red  SA=blue 3! cul 5L SADPNSW

o, MT L& ] i L i T
[ =] N

NSW i blue cis L 35 o 55l NSWDSA

o — & - §
o el gl
1 -
= g e s
L " MT [=] R L L T
= . [ Jf BN |

"'--_.__‘%___..--‘

V jired g NSW jiblue Gis b 343 0 55l VIONSW

R~

A MT [=] I L3 L T

Arc consistency '



A S e yte EPas Y92

V jired s NSW,SA j blue Gis | 395 o 50 SADNT

Ehy—4=—0 — -

b ] HT (5] L] b ] LA

| — | . AL E . — L

—— S
o

x> Egyi jl Jd o3y ia dds o S Ojgio 4 MlgT e ATC CONSISIENCY o)y
g > 53 Sl pb 5l ey gpd (o) 4l Sy ads e SO D90 4 L 39 plodl
23S Epgo g 3l Alyh ol aBge oy 395 plol 395 e atiS PMAC (g, o 4 oS
e So JL 5Ll 58y jelate a4 S laj yo 15 wiled (Bl ()5l g U5 ,S plos
A o 0yl it a4 S Sla U s cel - Sen 39 (o Bl (¢ it daly ]
O(n’d’) el cpypas pArc consistency Slej Siox - 295 slool dsis (6,55Lub
Concs JU )85 Ubgy dn 531 cnln pusie sl n g aials palie sliwi d ol 55 a8 ailus
3 35395 1) (Cenptibgo pase) y2BLIS )y ool Jiasdo Lol 35 (b (g i gyl (omp 2 4
B (g0 Rl gl ()2 P9

e Gasuds Wy e |y oSee sla 6,85l plas Jb (5,550 i K- consistency K (5, jLw
@ oplpl amd jasis |y ol Bl e Jb )85k Jg ol )55LL NSW=R , WA=RC Ll Mo
2058 iy 5 Wl oo |y Cadgizme iy g g8 JSB K ()5l S8

o k-1 yo (gly 31 ol K- consistence codgise sls)l dlus S : K- consistence &y 25
doy bl 4zl sy pite (el Ky (gl )85l Jlade S adnon o jite ] IS5l lustl o (42
Node (5,5;Lu ) el J55Lw (o365 b yusio yo &S cunl -yl 1-consistence slixo Jio g
Cewl opl 3-consistence (slize .Cuol JU (gilo jlon 2-consistence. 35 0 0350 consistence
5L (65l ol 1ol (B8 laod jiite (ragu 4 Llg o0 lymen sla e Sl Cd o &S

,1- o5 ,a cwl K- consistence l_;9s 81, 5 S e o 00l Path consistencels yuus

Maintaining Arc Consistency '



v S igeye Eyas o

l_)9s <8l, 5, 51a_sb k-1consistence g k-2consistence ... 5 2-consistence consistence
caol O(d) o] Sloj (S 45 3,8 > 5,5 Cidie 9 |y dluwe 4l 0 A3L K-consistence

L9s k- consistence > K- consistence > ARC consistence > FC > >3 Cac
:CSP gl Jow seosimes
a1y CSP Jluwsjl (sylwsc  simulated annealing 5 (63,95 a5 ile e (somcims sla i yoX]
s 30l L it plod (imy aiiS o odlitl JolS e bs (g5lo dlgo s 3l Ll aiiS o > o),8 )0k
prie Sy e dlsyo pa 53 dmle &g U3 (o Cuns |y (5l o puiie dod &y gl b Al ke
iy ot IS 31 (Balal oS 5 Sy ol gl s s Aalis > Jlie lgie . dm o e
3 oo JUl gt Gl 53 (65503 Sl 4 g 03505 S ) 2jo S dmle U g Conl gt Culn
o= Gl St youd oy g OV elasls oo Sannd y g ¢ prxin S (sly s Hlade bl ) .
0310l 3 Jatunocs Uadly powwe S y9md (slyal loj . 08T (a8 1) b Codgiome dlasd o eS aS oS
Qg J.D.v|9> FYIIW
= S @ bbb ol lalie g ploj wile cou Plue o (sl LSS mowine Siuw 902
g dn |y Slodats alis )3 5 ©)90 ) Wl (0 85 Sl ol (oo (gopeien ;3 oo 3,

Min-conflicts Heuristic ''®



S e )de YR iR

M8, (9ot i Juald
1S gel dublgd fuad oyl 53 asdl

ool anllho Y3 5 b 534 @

Mini-Max 3 5!
0,8 sy gl 55
Gl oy @

uaﬁl.? GS’.;)DM.! QW“ 5y ®

W il pis g9l o5 alajb @

0 123 456 7 8 9 101112

25 242322212019 181716 151413



S iyt Syae Jgh

3

tdoddo
b Jole plo Jlosl il Jole o calole iz (sla bams 5> st abeole diz glo bz 5l b b (5L
Jan dlole sz g 5 absle dix (sla b Sglis & > 15 a2 2)00 ], ol b (S5
Jiloo 4y poto el Sou o Ly (285 )5 Jole CBlaal ] )5 o8 (26 (sl Lo 22 4l a5
i Slol) 4l L9 (oo ablid b (53 e 4 A blue (o) 398 (o0 dilaad (5 2 9 Cunr
ol S Sygo a4 la ol Jlesl a8 35,05 3939 Jole 93 b 5b 58T 50 conl slasdl ple jl adls
Ko o pll o 3 S g0 4y o o Jlosl &8 W50 292 ole g0 Lo (gl 51 5 29 0 plo
il S oS3l ST Jbe sl wil (0w dllre g (golas g3l sleil SV 55 (gatedgw polie
D9 g0 03> Lanass ol 4 =) 35l 8 g +) Syl gk
5109, W g5k axlllae Ji¥s

5y oo 5 ]y b sl s diadon cubls

b b el cunle ooy @

Jlosl §1 SasS () degarma 4 Yoano sl Jole 5 3l ol ol oo oy 0 ]y b sl s @

Sl o Ly 383 piled L o )] ol 4T s dgdxe

a5 gyl

o

&J‘ruﬂj\:—dllfQJLl 83 h;"_ﬁ,.:_’ﬁaj.i = ,lﬂlb_'b"]w:g-’l'\_;j)"ﬁ‘ls’h:nﬂll s JJL : @')h:)

MLJULLLH_JJEQL&QJ;C.-MJMMijijfuﬂmaﬁ'ldéq.qijL'l;aﬁn

§ Al on o e 0333 S1ils A a8 AL 0 48 93 510 5 S L 6 e 3K S5U
.ﬁpj&ﬁéluéﬁaﬂdﬁﬁﬂﬁja%ﬂgm
Sz oG 55515 plo sdijled o dil 0 K5l 30§l p e 635 5 ) 550180 S
,J...:IIL""gﬁ\___‘ﬂ.;JJ-JILﬂQJJJILL;JJJSJJ:QAJV#;.MJQJ;QFMJ#LMjhga;llw);
Jij'l_u:J_.a_g'lj,Ai'ghsaﬁj'g};hg'u'uJJ—...‘E'LT—...L‘ S ssbises o - Tl - ey
,J_Lm:\raj'ujj_}_ki'l_; J_g.’...«.'..___'ﬂ.;;;dg.;d-;'l‘;..c.'-'m:EMJM'QH;:JEHJL_M;&HJ.L&
| & dmte

.ML:jA.‘-b-'—q.-J\;l;;,;"'IJL‘.‘-.J..LL_-&MJJMJLQ_&J_(.:L;U\;J;L‘-

o
o



\'Y L;LBU“’)“\‘

Syae Jgh

al pr P = .y i = . = i . i ] . L
MgfojyaafH\_;IJIJJQ_ZJL:J,&.:JIJJ&:JL_-_EJJwlm\_;_g‘;j\_;l\_;‘;g.bjm

J...n.'a_;a;‘S'J:-u,a'u_g:h;_“aﬂ_‘,aﬂé:u&:-a.:&Jd'gvmﬁéd'ﬁj'%};ﬁ;: |

Skt b

L.n[;TaS'

= . . . .
a_gjj_gjib;:__ﬂq_:fé;qa:;,_;MS’ML:‘;nJe;Lq:-h,_‘,.h;lq.n:-;

oL RU-B LB VY -3 (PR A RIPY I..Ln.aa_g-;_).a.,_.s_)l:_).a-a a.,LHSJ‘;aL,J-L,,..nL\_,J.a.
3 P PEw

2

L]
-

Ia_.,uj‘.._<_ J."h.._'w..J..&Ld.aJJ ek Jf_g.)
uuSthjib\| J‘NSIMLJ‘W

uugJL ,al_q_ L.-ng

J{.,-i\.;j-.-":dﬁ—w;d—e-;*"-' "—e-3w5
TN &= = P O G [ = L

S gledile JL OIS SLL Sl a il adbplndl OT 555 i b2 &S S e

,:,_.nq_(JI JI_J._.J-QWJ._ J’JJ ‘J}':"-.S'”I'J azb-..l..:..._nm :.:‘;'IS‘ .._..:5‘4,." e whla

i T P joMIL.Lﬁ D gad .,ﬁf-‘ ,:)Jnfll

| s g0 e o

Lol YD

'S ud b LS b b bt




Yoy S 1wk Eas Y92

:Min-Max % ;45!

2SS o S > max il oS oo )l 0 max gmin S5k g b1y 60 40 sl (o5b Cond oyl o

3L sl 3 9925 plos (3L Bl (o0 asll g5 (e 4y dany (o N oy iy &) Cugh e 9

O)jgmo d g G s (295 g0 4 Sl5 (00 (S3b Ko 29 (0 031 arasS (o5 4 bl

9d il dlge)d

el QLS5 5| SeelsS” g 4 398 (o0 e § (i Ao Cumdge ol el Sl

a5 Sl e8> K Sl plS a2 S b S ey |)(Move,State) ] g sopmidls &G

Al

o le o 3 (65 & SVl pd b sl oad ples (3l bl 457 08T o pasetia g3l ol 1l (905

Db (o 0dpel (S

Glym g Y dae 0y aishad 13 Mo wad o Cud d2e S SLL b @ &6 ol :“VLSM:?M’ FLY)

i glbieoy 455 65l )3 e X5)l> (g £95 gl b (Gjb (pdn > Sl Jo Goluw (ly 9 ) CEL
Do (o0 040l 5 jlitel WU L B wlic mli pl WS o jusd —)AY B +)AY

(tic-tac-toe) ;U diges S

il By ) rewB j JSb im0 LSS ]y 65b €850 (UL 998 O g adgl Sl
o0 S pldil Wlgs o1y Sew <8 > pdgl max (SG5b adgl cls o aed o ol 1y tic-tac-toe

o0 dw 5S95L STl o deldl Min g Max o Cog 4 (6Ll MIN & 3laio 09 MaX & laio X

s 398 (oo plad (53l Ml ol yy doxiio aSLI L ASl 03l 515 (kb g (Hligdges i3y 5 ) 355

11,5 epmax oBwd i, Sbb cdls ol ciedgw i (g3b B3 13 Sy b 4 o 00l o

Sl ymin G50 gl 9 wod max gly S5 polis

Utility function '’



Vot S 1wk Eas Y92
MAX (X)
X X BE B
MIN {O) X X X
X X
X0 x| o] [x[
MAX (X 0
x[o[x] [x]o x|o
MIN [O) X X
x[o[x| [x[o[x] [x]o]x
TERMINAL [ [O[X| [O[O[X X
0 X[ x|o| [X[olo
Utility -1 0 +1
:Jbe
&K
M1

MINMAX-VALUE(n)=
'UTILITY(n) if 7115 a terminal state
vy MINIMAX - VALUE(s)  if nis a MAX node
| min - MINIMAX-VALUE(s) if nisa MINnode

sefuscassarsin| © \

4 max




S iyt Syae Jgh

m Cé ) Ges poySle Shawl 5L cayd )0 Gos Jol (s95 9 Cunr e &8lg > minimax ;43!
g Anlgd O(b™) Sloj (Shome 1l awsly g9 cdls ja 13 Sl &l > b slass 4

Lais iy > 5] 5 592 dalys O(bIM) S | ShimetiS sl o b |y 55,3 plas winyoSI 51
WD g dgde Gy 4 MINIMAX 150,65 gy daled O(M) e  SauosadiS sbul 15,8 S
ol digs 5 Jol8

85 M 6 (5L

o sl b bl ) s (S o)d v la 53k 4 1y min- max w68 waalss oo 58]
o bop dw (g5l S ) Jle sl w1 50 Sy sl jodlie Sl S oSy o sl e
dodgw )y pl ¢ SLL clls (S 43 098 (0 031 i D45y & (VA VB V) jhbp CBsA S50
4 oSl (g0 4y (saiedgm B (3l 03y gy (i dldmd o LS Sk ye (sl ]y el gl
559 OS5 oo 2l ggdge b Yaane o) diz sla (53 )5 o sl i olae S sl
SIS o8 i plsis % 39 o 40 (g3 g U g 395 o Sl 53k (il 3 30 an
o (sl 4y 5 0 woxie Coagle 9 () ol i plpl sl s € Jlie 3 BoA (69 Jlos!
C aS oy @ andl ey o cwsi |y Wl oles 4 C Sjgo ol e 0 28 ales C 4 5035 4

to move
A

(L2680 (423 (61,2 (7.4-1) (5-1-1) (-1,5,2y (1.7-1) (545

Alliance '8



S iyt Syae Jgh

plosl |y Jas plas” minimax i yo3J) 5l eslitnl b A S50 0050 Hlas o 1y 50,85 aw (g3bi b
(IT85)%sl> salgs

(( 0-B) L-WI o ,»

Mawi Cams &S B i pl & (5L @Y i &S sl pl minimax georiue S
hUS b 4 oy o |y ey aSloly il 1y ol ai) cpl ol oo dilawlie. canl led @IS
DBl pdy Gl e €853 (Sl 0)5 Aot (a9 e el | ol Ll sl o
oi2y93) 3 0 ool Ly ym.dgd o 0duel Loyd s ls 4l ool gk goies cé s 5l ol 3l Gls
O ly Sl eS8 > 0-B wyd 9 luliwl minimax 4 ,eXl0gd o ool 0-P o, minimax
DS oo oy 1y 1,05 B ol 4 )3 & ol LS Ll oya 105 a8 S e e e

M aalgss cpl Sl jieS g 00,8 il eStmax S 5b &S ol (g)lde 0. Kiud gBge ydlie By 0

el a8 il adly bl w.ad daless cpl 5l gin 5 00,8 cély min (SH5L aS cwl (g)lade B g

b sy il e o sladgs Ladd (loj 2 55 aygeoe Lo doesid 3 5 Gl Jloe )9Sl S minimax

2 (S (Bdnls) G558 oy i & 0P oy b 0 5k 5

MAX

MIN




SUE et

Eyas yigh
MAX MAX
MIN
MIN
MAX =3 MAX [3,40] A; 3
MIN [-0.3] N . 5
3 12 8

MAX

MIN

MAX

MIN

(33]

MAX

MIN

MAX

MIN

(3.3]

MAX

MIN [3.3]

A G5l €855 3550 1 Ay prenas 531 sy



S iyt Syae Jgh

O S 028 Sl 5 ogllas 3,5 )5 (cw)p 3)90 Canl ying oS 558 bl 3 ST el ply
O(b™) sy sl amy acsliyy (il 355 oy Sl 338 (it Ao mpd9b sl Wl o (5
oS oLl aslas jeb a1y bl 55,8 (ile <ipe sls 4 5108 wypr |y O(D™?) canl 3
2l 39 Sl (Kae ))ST sladgs 5 b (53b 53 g2 anlys OD™) o) 3)90 slogs Sl
O axlse 0)gd Gygo 3 B oS 0233 jlo o> g S 3 1) g (objl Jlade sl yige cnlpli
55 bul Jade wdd sanlio lo Cusbge (il o2 Jgiordgdi duslxe ol (0L Jude 355 el b
.Cws! Graph search 4,61 > closed cuwd Joleo Jodo plogds o 00uels
)l 0B oyd > Ao job a4y ol by

D9d oy JolS jgb & cE 35k 0 )5 o Cunl (Ko @

Dy Dgo sy 9 390 (owyp JolS jobo 4 CE )3 sl (See @

S LS minimax i, 93 Ly ys5 ol Sloj ojl S > 0P piysS) @

Yl ol 3l 4Ll (65503 K58 &5 Wb (o0 peladl Gy 4P L a b))l o @

sl Do e )
G o9 M 53 S1ls (S 05 Sy 0luj 3 polie a4 (S poyp (352 90 @

Col gt (J9p 5 o Max s 51 g cwl yigs (2920

A B
) bl e i T e
"y L'_{F f= § & ~al. | = - 3 II..'
MAX upo B el ‘-"" [.—I 1.:1., b
3 e . N
A e d 03 A A
T AiL | e IHAX gl
MM (. .-'"I __ ,-
) mmax sl W o5 v Soe
| r < - < ST .
/l \ o LS oo bzl O
oy xS [ asle o7 €
MAX T o JI
A o W wbemunn gl s

= A4 Sph o



S iyt Syae Jgh

45 walgss B by 0)5 plaS W55 sl 00— Boyn b pj sl 55 5 Skl

128U S5 oM Silowouas
oo |y €83 il (rng CaonB 0P oy aSJl 5 WS ogoin 1) (b <0 JS minmax w2 545l
Cromad doei )9 021> debl LG s & )b L oo b AP o pe 025550 3929 cpl L A5 e
B sls 49d5b g0 (65l Cd D Bos 0,5 dlpiiiin PlEAS Ly 1y JolS cB 3l xawg
0By yg MINMAX iy )oS 53 ;503 O ylonsdgdd o3lisol badgs gl 3LaxsT ™ b)) @bl sdiedgus
D385 Cygo y 5 Sl pass L
siedgwjl (3 (BUST Qb5 U culgd o3l (BLasST o)l @b b gaiedgw b @
15,5 o ]y Cantbly K,
Bl g Bse dx 4SNS o asuiie goil cbestS el U osesl LTy bl cigell @
P9 Slesl8 o)
(25 &l
by & ol G o g1y ol 0ol cumse | (g5 Hasl 3)g0 (ghedgw I duesd ¢ b5l milos
Wl caolio > ds 5 b Sbsyl mboyly (S b))l &b opl curs 4 (55b
Lol d4n (gtiodgur b5 4 g polie bumd o s SLb &Vl 0 b))l mb aS cpolie @
Al Cuwlie J2d (o Cos
S Bpae (3L o s (b))l @l Clasle @
LS uSsie |y 3y (Bly glo il s> 0 b @ ol S e vy > @
S e B ) Falie (o3ie LS el K cuogad o sln 2L &l 5T ke

S @l 53 50 Jlte (glypa B8 oy Jadie Sy lging 03505 ez o 1y el g

Evaluation function '*°
Cut-off test '*°



e(n)

If 015 win for Max. +e0, If n 1 win for Min, - o0

H l‘X P O O X
Else — T
(Passtble mumber of rows, columns and diagonals avatlable to Max) .. ()

(posstble mumber of rows, columns and diagonals available to Min)

AN S 1wk Eas Y92

Do (g0 0300l > jg (Jad b, @b gg ol (Slsl ks
Eval(s)=wfi(s)+waf2(s)+.....+Wpfy(s)=)_ fi(s)

fi oo 3590 ;0" Miedmd o Lis |y I 1)59Wig Cumdgo SO )3 9390 Sluoguas W fi (ol oyl ,> oS

b ‘D‘..\g)ib ui':)')l o Wi 5 dxio (69 slo o).g(obl.)d July “°

el ey Ll 1
WENE G “:.L ‘L.""'n

em=6-4=2 em=4-3=1
gy Coma gl
L laidyss Gos oliseinl o (59) Cadgize (313 518 copiua Glise S sl o]y (n 5 o,
d Boe 2j 2 11 oS plos sl glad o (plply 298 (0 pasudie (G5b Sloj sl Codgiome Sl eslil
13 oo ojlel (g5l ilsh asli) oud oalitl loj l3ee 435 g0 B (55 (Bas.dg: JalsS 330
odd JolS' sopeine (py Gres bawg (B0l C8 o el 39 (0 pled (G5b g & SojuliSS ol
catly algd Jlos 4 1) aiuldgdl gl il ool (b))l @lyf o9 (e Jd> 4ibS (o 2 )
it (S o5 L9 035 )18 SV gl b B b)) @b
ARSI
o il ]y cs gy gy ses STUSLEval(X)=n 45, l,dd oy Ges px clb &S 0iS 58
Mg minimax ,liée 5190 cpl . Cowl Minimax Jiie (gl)ldg s (5 Gos ) 503 X o]
0 U 395 03l by 0L oL 1 gl Comgacianl oSl X clostsl ddl (g pSanie glis

WWigd (o 0duol Sl (goomine  SLol oztius pliomwp S e Cuxdge

Quiescent '*!



S e )de YR iR

295 (0 035 IS MINMAX w268 S92 (12 35 2 slo gy APy b9y 32 09Me

S5 09 Guos(¥ ol 4 9y o ya(Y w9l goima(Y Ggdw sly ,lasl()
AT

P50 (o g A (Sie Sl Wadgas Sl iy (el 1) (Sl ol o &S el Db
oS L 8 S gkl 5k 6 s Sl plgis 4l sals plxl |y eS8 ol o SV ciy o 4l

D30l o Bagw 4]y 265 0400 0y95 Jlgie sla ol

Queen lostam m Pawn lost

horizon = depth bound

of mini-max
> :
m Queen lost
mle..p bz @l _r" :v—lﬁﬁ

w

1 (il Jole gl)ly as” o 55U
Sl Lulys )3 Lle a5 5,15 3529 (93b5 ( plw BB e @0l et S (HBly (S5)
b oLy il (Blai yaie S bawg |y 039 i Gl BB 8 3L sl il (o0 )3
3 ] )3 uBbiS e a5 |y i oils 45 ] (gl S 3 AR o 5 4 L
pazedios A ploxl LB 4 (SLS > dsgeome L5 098 (oo i) sl g oS (GS0k bawy

b 0 ol sl 0)3 ol L maxymingsle 0)3 s 0gMe 55 disg (g5L CB 2. gu

Horizon Effect %



ARA

BB 1w yde O il
MAX A
0 12 3 456 7 8 9 1011 12
I ‘IF 1IF ~J
CHANCE (@ & . D O I =]
31 e i

MIN \V, / V4 \/
CHANCE © ) ) @,

1736 118 1118 1136

11 1 65 65
MAX A A . A AN
TERMINAL -1 1 -1 1

25 242322212019 181716 1514 13

d_k.iuﬁbl.&a Y FXW @L‘S uu)l.u} o;,b}‘dS&Lb d»huwwhu LSLQ o)fdoJJJbb ul.ua) )g.lab

S oo b 53 el S 1y () )g (V1) Mice el gl 5l LB coglite clls YV ] 3 48 5,15

Cul YIVS OT Jhsl

Hlaie Lol po ds STl 4 il sumeio (655 paonas paokds 465 &S Canl (pl (gam dlsyo

e ) oS dnloealy A 550 e b (1 SKile wailss (oo 25 4 50yl dg3g saladminmax

=8 2l SLLy mingmax sladg.pedd o Cogas il pais Jold sla (g5b yo,laml 590

Db (oo dmole pj Oygo A wild pais e (Jg 39 (o0 Al

v=">  P(n)xMinimax(n)

chance nodes

3=05x4+05bx2

Wi &
O(bmpt),

glane glasll s, sl

(Expected MiniMax) JUAST 8300 S o o 993

MAX

CHANCE

MIN

STy pe WSl s Ba) 6l il A-D RS

Expected '



Y SWS i wyde Eguae gk

sle Oy sl n o 3 aSusl — O(b™n™) Expect minmax(x) ei,e-  Sloj 5o
Sl o Ol HeSB D g B Bas Slem,dege

fomild pais b b 45 Curdge (b))

Ola (oo s )l S e ol o (6,850 da Sy o))l A e baas L Jlal e minmax w65 o
(ol o 0,5 3929 b Lol .8 )5 poliie muoual 9 3900 o3kl [y Fee e Vo) polde b ¥V yolio
IS5 50 &Sl jo canl pyipe al <8 FXYN Sy polie bl IS0 0058 o bas casls oyl
bas Wlasle lsbusiminmax w63l 50 cplply caol cpyipe a2 ¢8> Foel¥s Vool S polie b o
asye b Uy JLis) 395 I8 idly il pate ST g )05 <8 sl s 6 b S 3

s 3l )8

al a2 al a2
2.1 1.3 21 40.9
0.9 0.1 0.9 0.1 0.9 0.1 09 0.1
2 3 1 4 20 30 1 400
(call)



SB

:‘)d)..\n

Syae Jgh

sibio gl Jole 1aiid Juad

1S gel Aublgd fuad oyl 3 asdl

oI g e s Jole

Wumpus ke

ol it g W Joo— skaio

18,35 sl

S B g jlielis;)l o2
&l 0,135 e 43 JYuw! sagSl

Resuoltion 3,4

GRS dyg) Dy} g gl gy 0SS 5 s o]

Slench > ;E{E_'EEE_::
— —
';":?E-;EI-EEE — —— f—-“
%3 S ~Ermeze .
“ro' Stench =
s 1 I 1 s
VTG
L e
Stench S ~ Breeze —

START

-
“Z Breeze —
N

—
<= Brevze —
T




Ve S 1wyt Eas Y92

:uiﬁd‘b » ‘;Mm'". J.ol.c
5 gl s gammn iy LSk Sy L cwl(KB) ™ il oLl iy py it Jals ol 55n
(tate Meo) 7 il alassh ol P ams s Sy aden o il oy lj S 53 SDhes

dy Cle (0,5 Al (gl caly b S o ol L s 550 0 ) aledl 9 20 0 ol
399 (ASK) (isls oL Suly 1 03— oteasyy Jlgss s dly (sl (0l (TELL) jisls oL S0k
EMar i bl 1l 5 i) s Jols col o San )LS oyl 590 o 4 5L azils
—= W;L;”_,% AS ggym KBl b ool gulss . a] (o oty osdd Oos jl (i
s pLasl LS ¥ 098 (oo Slg318 Jele aalyy By yon o pols e o glistal A])3 el
9

03,5 8lyd ol yguin bawgi by I (5 an S (oo D WSO 4 @

Ll

Tell(KB.Make-Percept-Sentence(percept.t))

2 plsl Wb 1) las da a5 oo Jlge GEb oIS, 51 @

action < Ask(KB.Make-Action-Quervy(t))

DS ey n Ty g 03, S 6, 33 Tell Ly Ty oad olswl Jos Jole ®

Tell(KB.IvIake-Actiml-Semence(actioh.t))

function KB-AGENT( percept) returns an action
static: KB, a knowledge base
t. a counter, initially 0, indicating time

TELL( KB, MAKE- PERCEPT-SENTENCE( percept, )
action « ASK( KB, MAKE-ACTION- QUERY(?))
TELL( KB, MAKE- ACTION-SENTENCE( action, t))
t—t+1

return action

OB 2 (e (sages Jole S V-V

Knowledge Base '
Knowledge Representation '
follow '*



S iy Syae Jgh

Sglite o 93)> Ladele . adly (oo (Sgp0 el Ly aldele a4 d (L3 (b (e oo
Mg (o Ll ya
a2 9 b (o i Joele 398 (e et a1l 2 10ES0 @
Gilw odly Ol @ dagi o 3yl Slaal
9 il oLL wleMbl g ool fladlw e w oyl 3 185l 00ly s @
25 (g0 03l Lt A8 e IS o (5 12 45 ole oS
j90ly slod
90,5 (e ) (Jlie ol ) majlo s Jad ol Lo )9S g ualie a a SOl Sl 8
ok Jole po (el 03,5 0L Y i 5 a8 jo b plameS ple ol s 1) 255 Colo s
=) ©ygmo 4 jeely (Lid HLS lar e Gla suin.ds b (asuios (PEAS),LS Loy e cla suie
|
calspo y =Y gubedye s L Jbg S o bl =Yoo s b Clswl: +Yevr 1 2,5yl
e 3 eolasil 1 =Y .
b3 ¢ S99 Jlgoxen lampe )3 s « WUMPUS g0 (sl po )3 (- (59— Mo
= Jos s 88 4 5 ablie Cysuo > SUE L wumpus ad aniS Mb gl mge
Mo 31l g il S
O35 & A (b s (i S 11 R

O3y S gl gl iy ol cCanly 4 53,5 e 4 4535 1S o

TSSSS S < Brog— —
4 é: Stench % /—-r_‘?‘:’f — PIT
—_ < Bregra —
ViV | Zooees P
3 L B _J = S_'.ei'm"\% PIT ;";_:_’3/(4 o
w1 1 -
== ~ Gold %%~
S555%s = Brogan —
2 = Stench % —fze T
ﬁf’“‘ - Bro—— Brae—
1 e ;_’:_e/a = PIT ;:” ere
Lk - -
START




S iyt

sl ool ladpo sloidlad I )5 3 150N,

)l S > LlbeS s wumpus 4l b

Al s

9m0ly s (aoo SLeS 39

ol s ol Lo STyol b s 1 olS bl 3

ool asaiie l3) (in Cumdg aly 1 ala8

j9mlg (sLd 4> ALLST a8

T4 74 34 44 = Agsar 14 24 54 |44
B =5/8878
G =GRS Gold
OK =528 squars
1.3 23 3.3 4.3 P = 1.3 23 33 4.3
S =S8k
V= Visiss
W= oS
1.2 22 3.2 4.2 1.2 22 3.2 4.2
r?
0K OK
14 21 3.1 4.1 14 21 3.1 4,1
A P?
:
0K OK OK OK
(a) (b)
il 3 sdal g Cumadn g () wumpus gl Jd Jals o g5 ok ASEN g S sl gl For IS
[None,Breeze,None,None,None| <&, 3 S adl J 2y (<) [None,None,None,None,None|
14 24 3.4 4.4 Al =Adgsar 14 24 3.4 4.4
% -
B  =5r8528
G =G, Gob'
OK = SaF sguars
By |23 33 43 Po=Ar T3 wr 2.3 33 pp |43
5 =S8mh S G
V= Visiss B
W = Wirmows
5 5 B 5 - 5 & I5
'I.z 22 3,2 2 1.2 5 22 3.2 2
s v v
0K OK OK 0K
2 [4 2 3 4
1.1 2,1 B 3.1 P | 1,1 2,1 B 3.1 P! 1
Vv v ki v
OK OK OK OK
(a) (b)

3 a2l I8 2 ) g (o) [Stench,None,None,NonNone| <l i g a s <8 ja J) sy (il Jale &8 o gan alf ga -t 05
[Stench,Breeze,Glitter,None,None| <&y

Eyas yigh




S iyt Syae Jgh

WY .
. d]o.«o

Dged ol (658 a5l e e 4 skay el iy Slasjl ly (ewy (b S slate

ol e oyl Gl s ) ol asgosme Jold Lily oLl a8 03, 0,Lusl M3

YA

Tprd gt a1y (e aen i ol g e 03l gl i olaiil L g0
plosl ol Glae assl S Gy 551 ol lae a0l gate S0 ey o i ) it
OSee Ly 1) ader S0 (i ) Slae il dder 1a Lo (3,5 asidie A
L Copd Sow sl p2 3 ador pa ol aspe Ghaie g (sl 0)l35 3laie )28 (oo aSuie
sladly oyl 925 ol el S (g5L8 5laie j3 (Tg muylis il el g ol ol
sl sl ag . cowl alaie pliiwl 5l 0)8 Lo Cudgise Jog diiwn Lo Glais da Codgize
e Mg o By 35 55 6500 gy S S (o e0lital ™ o Mol 51 (S
=2y ela a0 ldasccwl cwypmJae oo ddes a5 el ol Gislixe cewlo ddos
A8 o a1y ladye dlos b b siwyd plaS g i
o X+y=4 ml:x=0,y=4 m2:x=4,y=0 ke
m3:x=3,y=1 m4:x=1,y=3 mS: x=2,y=2

Jae o N o 001 Cons X, do S cewl (oolael o Sae LSy idae Jle opl 5o

2,13 popso ¥

0ol Jao S g g0 sl o))3 5 S Ll p oo SlS 1 S0 @

.)yduﬁ

Do oo 4SO (¢ dlex Jho il Cuwyd o] 0t ales a7 Slida, @

iy paled Jao U270 0 )13 U0 gl y 1SS

Pl 9
Ml| F| F
M2| F| T
M3| T| F
M4 | T| T

Logic '¥
Syntax '%®
well form %
Semantic '*
Model !



S iyt Syae Jgh

S o Lol 4 1) gl 0)g dyis cMas eplssiy sl oy S iyl a5 2T o shins!
CMos oy bl i s oo 3 a0 OMos 4 S )0 1S odlaiwl U g W)y
D9 g0 0al pllil
5l Gy 5B A8l Cosyp & e 55 S iy ST ol B oo a2 B
(asledre & Pisledso)
ﬁkb
ol b ales A3l a dles -
Cewyd o bl cewypadas Jao a5 lkad y SSe dloul )b aks a dles -
ol
Cul Cawpd 35 b il cuwsypa 51 -
Col dligd @ (goyd B (o> ~
oLSo ks alor S s S (sog 2925 48)S p LS )3 ader S lgie 4 My oo 13D 0L

.Jw;l) Cwwyd | Cuwyd KB U‘ )JASL-;’LQL;.SJ PLQS)J(I )f] Ja-°39)§1 ol L)’”"b

(KB slJie Cocledio Jousl Cowyd 550 sl Cowyd KB &S Jao 2 3: KB Fal

(entailment) @j5uw)

KB Fu
JS;M.I_,;I ;ﬁ—ulﬂﬁLﬂrrFEﬁBh‘;u .Ii:I1 .
<

.I-:JL- .;....-_;..‘l \'-\;.—#l \;..uu_r:.b JE.?B ..:T _;.'! o L;'_In.h-lr;.‘l l|l-|.-u." _':.-"' o=

il WA =XV Xty =4k

Cloma gl o o 5VIIAN) S b=l o L Y P ol el
Dk e T SO

Entaiment '*?



VY. S8 1y Eghan Jigh

15l )b e sl (sl 31 Mo & plilial porie yizg 5> o

ongaslg sl Jas

D
~a LI
o . 22
| — | :E'ur.l H H
- W lm | ?
o L
~8 (@@ L]
e

kil 0358 bl s [2,1] 40 5 g el 03, 6 bl s g3 [1,1]a0b s Jole
Jole - g3 (oo BLSTKB a0 S 5 jowsly (65 0l5-8 9)50 )3 Jolo (i b wlualie
Seon 401 ¥ ol 31 ALy 13 399 4l [121[2.21,[3,1] (sl <0l 51 (S 3 45 &b oo
D99y - 1 259 (1Sew Jio A 23 plpls sl ablo L o sl ac s a b el
pLos 33 LT a8 0 (o g 38 (n (ilocs |y (o slidie ploa ™ e (g loud) oy

S5l (oo Cawyd 30500 Cowl Cawd KB o&S7 oledoe

ongasly sla Jas

il

KB = Wumpus-world rules + observations

Model checking '**



oy = "[1, 2] is safe”, KB fa,, proved by model checking

‘M S iyt Syae Jgh

=[]

KB = Wumpus-world rules + observations

KB = Wumpus-world rules + observations
g, = "[2, 2] is safe”, KB Fa,
L KB &Moo don dsgore (los (o pliliwl § glisinl posio jolod 5 )i dpp 555 sl
9 0L 5Ll o=l 53 (jg St plilil oS 5 a5 e (lgis 4] 09 olS Ll g
Sy o aslen 1 gliswl v, 1500 @yl el oS )Ll sl 3o 50w 58l aile glicuwl
KB H 0 iy oo (835 oo )2y] oty i3l olSL
(4 o) gl oty |y dsbly plil ol M an b8 gl ol oy )e I Sy , 512 o
glil w)s X S ol wglae Caoga s S0 Coro D9 (oo A e glitul by oSl
S A9y S Jie )l ) B ams (oo pd a5l 3929 45 ol (igw aitS | e o
sl y3g 1l alite Joce gl 48 458 o LS LolSin Juo Lbolad ol g rliit
A e ) sl alizal o (gline oS
395 o pliil 48 M dan alsn 55T el JalS glial oy S S 20 09 JolS
o Sl sy Ly dss) (oo p a5 il (Lo 487 3By olST )Ll (sl a9l oy |,

Caogad S 5 9 Jool s L d)ly 5939 olS )Ll )5 59w Ll a8 e85 quouns ol

3
Soundness '**

3
completeness '’




YYY S 1wyt Eas Y92

gy S gl adipe a3yl (bt U ol )Ll i clealol s (Jg el gllan

2O 039 usuo 5 oS il

sl o Gl LGKB jl1ay; dep 0 don = KB |—,-r.t .
O g 5 Al Oy sl o ol 1 25, L KB i 0
D AL = :lzual bl Sl 3 0 o = al el
g e w1y, (soundness) Cowe 0
KBLo=KBFa
Bl JuE1 glzzel 4 o (completeness) ooy 57 0
KBFa=KB}| a
gl wyy oS (First Order Logic) Jyf i gl oo il

’ e
a2
S 3Py retes 3 A0

18! 8,155 Ghio
2 Gasis |y SVl G g pine Gl (oo o KaS a5 ol (gaelgB de oo ¢ slato

D)‘}j

Sl Ll o)l5. 50 il aily cwydb Uy cawyd (o))l dlgine 48 el (55 alen:'”

ao du g ol edlw 0))335 .S pe g ool t i £95 90 L 0)5 5 o dd o olis poqur,. ..

b S (5 gy Sy 3l 055 iz ) S po o)l g G S sS slo o5

Sl
tewS o kilg,

NS (oo A ) o)l 55 & cunl (6 Sles dmot,~) pads @

Cwl True Sloj bddy cowl gaislos 90 ,Slos ol i(and,?) the S5 @
SusbTrue o) Sglos 93 yo oS

4S el True Slej bdsy cowl gibshas 95 , Slas li(or,V) ad s s @

b True b o)l3 51 (S J8ls

Propositional '*



‘Y S iyt Eyas yigh

ol S5 g True o] pabo 4 S e wlFalse Sl ${(=) by S 5 @

.AsLFalse

4 oL o 55yl 5 a8 o Jas 0)35 93 g9y 1 () b gd S @

el Cawp> a3l 551 oo )55 55 o

(L 2,155 Bl lxe ): Como Joun

P Q|-P PAQIPVQIP=Q|P&()
false| false| true  folse| false | true | true
false| true | true | false | true | true | false
true  false| false false | true = false | false
true | true | false  true | true | true | true

(b 0,155 (8o 320)0 5,35 3laia ol 5

sentence—Atomic sentencel Complex sentence

Atomic sentence— TruelfalselSymbol

Symbol—plqgltl...

Complex sentence—~sentence |(sentence A sentence)
I(sentence Vv sentence)
| (sentence —=> sentence)

| (sentence < sentence)



V¢ S iyt Eghae yigh

Gy b odny dng e ddb cewpdl Jol Byl by o) 5 S5 ol pn tpadio LI g,

Doy daled Cawyd 0)l55 IS i)l pgd

pc A

ol eab sl a5l 7935 311 s :
ool p 2 z939 S xedxe A

Jie

S P pgd Byl u il oo (JU ) gl b by 0)i5 S o ol e 1 JU S i

D2 dalgd o ()
Sl 0)55 55, 5l Jites oL S 2 aug S oo ey ddpod [y S je0)j 5 S, @
Al Canyd Ao ] oy Sl
p~p | pv~p
pv~=pbp—p:Je

A3l oyl diinen o] odimd

p~p | pr~p
pA~p il

T|F

F

p=0.u3b

tatulogy '’



\Yo S8 1o yle Sguan g
Jl)~(pAg)=~pv~q
DV~ P q Ag | ~(PAQ)
Poal ., 4 P q pAgq
F F T T T F F F T
F T T F T F T F T
T F F T T T F F T
T T F F F T T T F
weo s (65, o2
Dpvg=qgvVv
)PVg=q p}uﬂl@b
2)pAg=EqAnp
pvigvr=(pvg)vr S
_ Sry CS S
HpAa(@ar)=(pAg)Ar
5)pv(q/\r)z(pvq)v(pvr)} R
RN &Y
O)pA(gvr)=(pAg)A(pAT) &

.

e

7)p/\(pvq)5p}
pv(prg =p

NpA(~pVg)=pAag } .
10)pv(~pArg)=pvyq

ID~(pvg) =pr~q| _

OB 903
12)~(pAg)=~pv ~q
13)pvF=p 14)pvT=T 5 pAF=F 16)pAT=p 17)pv~p=T
I8)pr~p=F 19p—>qg=~pvqg 200p—>qg=~qg—>~p 2D)~(p—>qg9=pr~q
2)p>qg=(p—>g)A(g— p) ) ~(pe>q)=pgq=pe~q

ST sy ly 25 65yl e e (e

(p—)ar]sp=r—p ol

[(~pva)ar]= p=l~pvoarlvp=lpa~qv ~rlvp=l(pa~qv ph~r
=pV~r=~rvpsr—p



AR S iyt Syae Jgh

L) Lo 0)l35 (s (o0 Gl s dsgomme  degomme ol slael d S (oo Lod o)l35
o (oo yinled Px,Qxs- -

P.ixt4>T XER oy S

px’y:x2+ y2 =16  x,y€ R :oyuxic 9

S o s 0))i5 Sy ]y L 0)l35 S, & it oSMe b yguu
AL Cawyd bl plie (¢ den (sl 4 H(og08 Hom )V (A

8l Caopd 1l polie J pdm il 4 (5392 9 9w )T (o

2l Cowyd Wb Hlade g gl ax( o yow )T (z

Al Cawyd Bl Hlude S sl 4 (5 kasdl Hew) T (5

VxeR, x' >0 VxeR, y' 20 Vzez, 7 20 Vxez, x -9=0 =x=143
Al xez,x-1=2= x=3

(1 ygw S 5
Vx,Vy p(x,y) Vx,3y p(x,y) 3Ix,Vy p(x,y) 3Ix3Jy p(x,y)

(Vx, px)=3x,~ px (3x, px) =Vx,~px b ygw duls

(g
(Vxe R,dye N:xy>4)=dxe R,Vye N:xy<4

(Vx,xe A, >xe)=dx,xe AArxe B
& . . & . & . . '.\Y‘A sor
J.a_wl; Cw)yd dl_m 0)1)_§ pl/\pz/\p3...pn dLm o)l)_§4_§_\_¢,.§ua)_e H CM‘
Pl S 1) g @ygmo gl ) 395 4zl G (6 0555 > w0y 135 gl iy jl Az s

) 03l iy O ygio am gl 0_519.\_;£9§p1/\p2/\p3...pndu 0,135 il (—alaio

p 2 3
. ..)9w &

Inference '**



YYY

S iyt

Syae Jgh
1z Wil pilgd
pNrg pP—4q
~P N
g ailge &8)(> p,—p el sl (A

pP—4q
PRG , PRA Gple Gis (o TD el e ol (o
op g ~p
pP—4q
p q - q—or .
L : bols 151 ol (2
S PpAg S PpAg Sop
1S oy ) 5 e gl (e zJlie
q=r (" q—>r pvg (Ve
pvyq ~r ~q iolg>
~r s~q sp
sp
(Y ko
s = q
~ r =~ q s—q ~r—~q r—~p ol
g o.q so~(~r)=r S~Dp
Y Jke
Np vJ
rvq r—=p
r—~p pvq p—s
~ _) ~ ~
p—s P—>S: q :P
~q LFS - p s
)

= B KB 1y ol g s )5y 0 So a8 08 (o 4058 bey ol 2 1S G (g,

39}9 036 C/_M:).)U p_§\> ual._n)w_} rb-.’."\f.—“’) ua_‘il_ud‘_:)_ﬂ oD & [abo] ‘) CLM‘ Jasrv.m

~P—=q
q—or

~r

~p

] C,wu).) W'§'>



VYA S iyt Eyas yigh

e el |y gl Jas g 258 oladjl o o)l glate b 1) 55 (1 ol (J e

oSl asd (o3 ol adge o Jlas! 1L asS ol |y Lhwge cudly (o8 (B W15 09,8 S
oS3l 43S o i) CBls ), ST o Sleae (saenl BT 5 005 o0 03 58 Sl il
09,5 Culpls i ploml (hgod gt b (o0 03> Jg0 0ad cSby Jle (il (o
«uS 1l ]y aawse Caniles 80551

88 1ty (dewge (X555 09)5 : P

$ Jlo cdls s 53 i1

395 (2lpdy dBoe @ jla> 5l q

don! GBI us Slaas s

Lgd 03y oo odds ci by Al it

(~pv~q)—>(rns) r—t ~(pArg) = (rnas)
r—t
~l’ ~ —~ —~
. . r_ -~pv-s PN
S~ T ~rVv~s L PAQ P
)

alice lss Gy o Jas 3 STl 5 STl o ilato )l oo dbox 933 (55,0 o2

a=pf If 04:,3 and 151:0{ sl awsly

g | ‘_fﬁ e 52 a2 o J_?l aih JS'I editl e B 3 R o gz "

JELE-E

« u=hiffufPandPka
(G
I::EF"-J".H:I

(e A B)Ay)

{{ce v B) v )

(0 M) commutativity of A
(%) commutativity of ¥
(oo (FA~))  associativity of A
[ (v )]  associativity of

o) = o double-negation elimination
[a = #) = (=d = -] contraposition
(v == &) = (—ev W J)]  implication elimination
(o 4 d) = ([0 = @) A = o)) biconditional elimination

i A F) {=ex v =)  de Morgan

eV J) = (o A3 de Morgan
(e @Vl = (lan @)V oAqy))  distributivity of A over v
(levidas)) = (lav @A levsy)) distributivity of Vv over A

. 3
Equivalence '



YY4 S 1wyt Eas Y92

(o5l ddgan dlon ) Ll Casyd b e plad 13 451 sl puine dlon 277 4390 pwino
Gy Lo Jice (S JBls) oday 5 55T el as Loyl ades S0 "7 G Lo

Al Cawyd (e gud 5 ST cnl Suis Loyl dles Sl

SR @0 ¢ )hicl
Al e ja b Je plad e Sl ol (Valid) oee dw 05,
(ArnA=Bi=B) A=A Av-A Tme-Je -
el b s e Ll

KB ko iff (KB = o) is valid
Sl ez b Jus 3l e e 51 (satisfiable) L4 Gae dew a5, ®
AvBan -
el e 33 J'Jma,n_‘-;;.l;.n__._.’.__'.ij;_-d.u_-ﬁ;_ o
Ao A -
:E‘;‘I Lo e Ll

KB ko iff (KB A ~a) 1s unsatisfiabe

ol Jeeml asS o lo)lyotalesm Jao pusS abb cewpm Jis o0 alos , 5]
Loyl ]y adex a8 (Jue (8L i (5-S0e slo Juo (8)lod S 90 0 Wl (00 (05 L))l
b 45 30 o)l ) S o35 e 3 e S 4 Ll et 39 o 5
i L0t 5 51 Laib g 5 §1 ] ) it O s iy (oS0 s 0 Lyl g el 2 &5
55 putnn ~0L 81 L 5 51 ol i L) O 5L

181 0,135 i 4> JY ! 5lagS)l

095 e St LasS ol ooy (e ol SN (sLng S e 4 i o
bl (yls8 bl (Lagsll ay L9-d (e ooliiwl Bud d () Sl gl 5l sl 0y

o= p,a

anp L anp
5 ' a

rand Gis - ¥ : (Modus Ponenes) o lawl wld -

Validity '
Satisfaibility '*!



Y S 1wyt Eas Y92

s g ) (Pumo sl gl 5 45,5 (ol 8 elatwl )50 ol Jlie yo )3 (ilsE )]
oab aiS dlaie sl (5l po pled i3 93 (1) ogMe WS (o M I Jae S)led &
WHigd (oo e Al 93 4 OLII sl (Shg)digd 48 S LS 4 glutal (ileS Glgin Al oo
slod Jlte g5, 1) U 99 o=l oo Jgaa Gl Sl oLl g gliul ply 8 5k 5l oLl

oS (0 sy jowely

ongdely (sLis Ollas
el a1, | il E::I L '::;I-J_:'u e P;. o | .
! - 1 [ -1] -rj of e 3 - - o 1] '.Th} RlNPl,l
P, R>:B,=(P1V P2y
—5, R3:f3,,(P11V P2oV P3y)
B,
R Y | - P A R4 ’Bl’l

B, & (A,vE)) R5~162,1
B, (A1vPh,vA;) S~Pia

sl o1, g] e e ST ks Bl o pa By ans ajled 0

".GL!;IT'-._;L!-#JIJLTJ?"L;};|JJ._;H,J ...__i-l.il."l-i_;.'l" .
1

il opilgd 89,k 51 LS

iole>

o D9 o aaS LSl gl e 8 5l (ol adlis 58, § LG m Lo slail ol & 2l3)
0l S W)y mb)la Sale ctuds 3 G o o o Jo oly g8l an s La lgl o, S
25 oalitl gl | e (gl 068 )3 g (o0 g Aitn gliitol (plgh lad (sin

3\ﬁgi‘935% Cools

Opled g3 Mg il oLl )3 Baiile (wlie (sl pade (385 48 Col (ol (2l5iSy (Sl
KB a0 5)ls 5,8 isly olSOL p3 assl 5y las by o (comis ol g L9 (o0 48,5 )8 4 gliiiu

(KB,fl=a o1 KB|=0ar )59 o0 4|

Monotonocity '*



! S iyt Eyas yigh

oo Jaaa 5l aalaw! L Ll
QI)KB|=a LT 5,50 raonas O o gl ados (gly a8 el ool il Buais oS il oo
3 ot 23S0 ) plill iy it (6 03 ¢ il iy (gl
Gaie ) ol w55 O ol Cewd KB aS” Juo yo 15 LISl wyp g b Joo y5,le
TT-  uye- S el gl o)l55 Jow o a False U True clesl Joli La Joo gl o)l3-5
9058 o JosOc KB & (gl 105 el J oS ol guoeio g JolS o )5S S Entails
lowtiino 1y Cowl guoio i )5l ool vccwl alise Lo Jas slas an 1ol 0 aedl dion
Jie 27 LT 58l sl 55 Jrao 1 5l 05 KB, 5105 o il oaly |y i iy
00 oyl ccdly aalgd 1,0 (27) oled (Sicomo La Jace ool (w11 )y 5959 o Sao

S o ilosd Bes Cjgo 4 153, O(n) olad (S,

aGi3w] slp )y Joaa )l aslaiw)

By, B, A | Ba [ Paa [ Pz [ P KB £y
falsze | false | false | false | felse | false | false | felse || troe
Falae | false | false | foalse | folae | folae | trwe | folae || true

false | true | folse | folse | false | folse | false | folse || true
| false | true | false | false | false | folse | true | true || true
Jfalze | true | false | folse | felse | true | false | frue | Lrue
false | true | false | false | false | true | true | true | true
false : true | false | false | true | folse | folse | folse true

[ true | frue | brue | brue | frue | true | Irue J"m[.wrr 1l _||'1.lI.\r

0)Lad aAlawgy pGiTw)
;ﬂluhu;!uwﬁ_hljl __,;-_;;q'.h._;.urh:u;_‘-'.-_:r'
function TT-ENTAILSY KB, o) returns frue or fifse
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« Prove that Colonel West 15 a crinmunal
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Enemy(x,America) = Hostile(x)
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... 1t 15 a crime for an Amencan to sell weapons to hostile nations:
Amencan(x) A Weapon(y) n Sells(x,y.z) 2 Hostile(z) = Criminalix)
Nono ... has some mmssiles, 1.e., 3x Owns(Nono. x) » Missile(x):

Omns{Nono M1 ) and MissilafM1)
... all of 1ts missiles were sold to 1t by Colonel West
Missrle(x) A Owns{Nano x) = Sells{Test x Nono)
Missiles are weapons:

Missile(x) = Weapon(x)
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Enemyix America) = Hostile(x)

West, who 15 Amencan ...

American{West)



‘i S iyt Syae Jgh

Pl dsg) sl 8y ot 95!

Mol el w29 S ol 3+ 08 (e JLS (L2 S re L3 513 (sl s
il Cepd (b ader S Slodde plad j 1. 008 (o 98 GBI oL 53 39290 (o]
=8 L5l e aeldl ailyd ol 39 o LSI KB )3 39390 lis 4 b ys des ] daous
il iy S ] 15l S (550 il U 59 3Ll KB aly q iy 45
Ao e plool ias 8Ly Gledbl a Zwl o ole gliciwl 48 cowl e gla piuw
5 o e Iy sl Mo cyne (slmd ST,5 51 oolitnl U o iils oLl Lo oyl ol
. 3,5 olas! Resolution s 3o

reinaet (5 2 i a4 LT

.4-'Nn'a4|.'.'|'|lf':'.w | | MazilorMI) | |4'}l..':.:r."'.'|:-.l.'|:-_ My | ||’-.'|:.'.v.'|'--'\'.al.':.-l Americal |

&

- T ]

r'rn.'l'h'.lh'_lf'_ll_l | '!?_'.II'_I\.|’.|['._'_\r__||.|'|'__'l'r||"."r|.l ||r_|'.'|'\..'||||_'|’".':l|.'.l\.l|.l

\ ;
\ =)
! |
L} - 1
| -~ 4
L \
ArvegricanH et | | MaziferM | |{}:-..1_-..'_"-.'|i-.l.'|i-__'..f.'.' | |,|':.'r.'¢'.l.l|'.r_‘.'uului-__-.‘n-r\-_'l].:'.;;.l |

&

= 'g.uu -]
Crim naly Wesri
ey :["-_-_,_
NS :
- T -"-..-J ‘l‘-\.\
J iy b e A
Wepew (M) | SelPry Wend A Noaward |_|'.'.-n.'.-|"-r_'i.'.-|-u.: |
.l' _J-"'JJ
L L)
Americany s : Missifey ATl | | Cherg o, T ) Erentit Yo ne Awedica)

: Datalog 31> o0 L

oLl 1y 15l w5 roes A3 gl 4 po cynmo (slmd S5 5| (ol deganmo ol 45 sl ol
el o 392 pi (95 0 (s-bymn iy sl 150 (e log Data il
= gl 4y cme sLoa ST (sl gl 4y (g5l 0,85 o )9S ST o0 5 sl ]yl
dgd e (sla S5 slaei L Datalog (gl ods a5l 0,00 i yo- S puiomod . ol guors g
Cdgle Gl (S0 Al & ader pilue (i oLSGL ST (S el 5 (g 298 (0 iSgie
- canl b izl S ol 5 392



11 XTI (g i

Pl Bl gl 4 Lo o e

P Jose cadae SG Jolis )] pidie S ousS o S 1y lg 3 Lo dd o ) ST 50 13,03 ol
al> o )3 Gurw 358 (g3l eSS Cowloas plisiwl -1 )1, S5 0 aSPY cdds L as il
Sllas U 6l gla calae plw aS aad wojlal g0, S piSola Pib |y Picygld udas
s sl dlwg Wl A e 1 Wlg e gubal esdgd aS 0L gukel S cla )| SS
glswl . Be b olob O(1) loj p oas adlds mlas 4 S 255 o 03 ojlal ik oL SL
29 A L 09 e 488 LSO sl wl sl 03y oLL j0 (gl 00 S jo b d gl as,
o 4SS Seld st ay Lo pl K LSO 0 a SOl n (i3l ol dgy (o5lu 000 doMS
s Canwl 08 BLSI KA1 )1, jn idasl s 51 plas”

PR d1g; jlw 0,05 ok 59X

alos Glil & (KB o3l Mox) i adlis 3ulis 4 U 20)5 o e Cuows 4y Bl 3l oy oy
2 g 0 a5 g5 Ulaal a8 Goals pb 4y s b o)oK cpl sy 08T 0 Sy 1) Gua
P Ay S glais  olg o ]y Blaal cund L 09d 0 Slen]iE sl Bua b iwey Jolds Ladd Ll
e il Cutdge b gyl a3ls U W Loyl Wb Goals cud 0 39350 polic plad &5 i )3 o
ol lp dadl o uiels g cwl S HL Bee Jol wiysNl Sarcds gy Lo 020 wi)sNl
(0O(n)) cuwl ad dlos b3l plo cas o 6Nl

Py @ 2 JSe 93 il sl dgy (il 0oy BMS e g L 0y

Slaal plod b b Bun auslie : Jo ol b ddls deng o w1 a9 JoBU —all
Ay ) S99

& b absls Bua b (LS ol 0,3 s oly L ()0 glo B i s 4 1yaee 1,6 —C
. 2y5 o0 ploul Cuwl Memorization co

) \Wu_.c).é GSlaal gla Js ol aS) (i s dg) (g5lw 6,00 i > Memorization
5,8 o Yy 8 Goalscuwd jd 4 iwd  SMes o8 Blaal g cwl Giwy Gl Lol Gua
4 oyd Blaal ) dn dae ey L g Ngd o (6 )lg S0 iS abasls )3 (Wi sl bl
WQ)}_QLJMU_ADJULI_N] u;’;_f)b o5 o)_ﬁ.'>5 L;l_a:J_>o|) um)lcu.lﬁ Slawlbo Lg)|).§JLg\?
s 4ol 53 (gl 03y S jobo a4 S il I Gua JYaiwl eo ide dg, jlw 0y
3gd g0 aB)S IS Selgy (s g (lae

Sub-goal '”?



yio S 1wk Eas Y92

o 53'..:.:- = -:__..,.?r.ij Jl.h

Cademinerdy W

ity sy S e}

— Y e
| Americanse) | | Freaponi | lS-e'l'.fsr.'u._\'.:x J

3 et o AE

gesrlis

Crtarinali W=k W, T

.-I.llle'.l'.:n.'.ll.ljrﬂr.ll | Weapamiy) | |§'=*h'.~r.1'._t-.:: | Hoalefz)

b

Missiieryd |

MY

I oty ”"Lsrq S Wesn

[reromives| [Femonsy | |':-;}}::.?:‘.:;:—|

bt

R R T &
Crireinali ety wWest)
= ——
—_— T
| Amverican Wesii | ] Wegpmarnid | | Kellaiy vz
e
H

Misitlers




RS S 1wy Eyas yigh

= -f

('r_'rr.'ral._'.lrli'n_'l..‘.'_ feWest, wM!. zNono}

e \\ Tl
S ..._.--:'.".-.-.J.-... — ."/:-: S, _h... —— .
[-J.uuufn.-r.-rll';:.r_.-] [ W emaemeivd ] | Setls Wese W1 =) ] Hewstiler=p

§ i T =Pl |
H 1 &Py |

Missiterss | [ MisiledM | [ OwnsyNono M |
)

- T -f

Crimimaly Wesry fvWess, WML, NoRo |

.-I-wr.'-'..';.'.lrrFf'g'.*'r-'| | Weapamyi | L'-'='-'-".'-rIl'r.'-r..'-f.'.:J | Hastitei Nowal

H P oA y
1 1 2 Neure |

Misxiders) || Migsifeydddy | | OvwasyNono 00| | Enery Noro, e
T I} {1

H( (e ) Solgp (oungh aoliy
Ot 35 pb ilate i 20 (b5 & el g 20l sl 3 ) 25 @ 3late T Sy b3
e V] o] (plaiil & (i g aoby . ool 015 03l Ly S5l aiye Bt cslize 1 (b
9 290 ABld ewy U5 #9050 LB Hioled b Wb i 4SS cudyle sMel sl el Koo
Robert  abslxe )3 oyl oyl g o« Lish ol 69y » gliwl slasnld el b wb o] Jolue
ol Y8y s alaly obj copl . sl &yee & Kawalsi

Algorithm = Logic+Control
o5 bl Jol asye 3hate p)8 L &5 st (pme 3,518 5l sl asgerme Selgy (sl acly
Gl Sglate

WS oo o3litl b Sl (gl SorgS By g bajesie (sl S By 1 Sy

90 oo A o (g Ak dm g Lol 1l 3,818 Sy e sl

Db ool 13l o b @

395 o asde 1 b alex gl

Programing in logic '™



11y XTI (g i

s ke

American (x) * weapons (y) ~ sells (x,y,z) * Hostile (z) = Criminal
Prolog : Criminal (x) : - american (x) , weapons (y) , sells (x) , Hostile (z) .

o 4 g WS oo odlaiwl Horn (sbes S1)8 (g9, s gy (gjlw 035 ey il gliciwl (gl Solgy
Call 5 S b SamelS waty s 0595 50 bogaste Cal oad okl el o l5 5 (gl 0558
oo Job o b polie 1 (Sye ol dlod cund . Canla cnd (5513 Solgp b 10 aag b6 sl
B[] cede 95 o Solags b5 0 Cond o a8l G pj b puitie ¢ Sl Wl o polie Cul

cusS e tail |y sxleudl ghead |) cund 2 Jol pais . 5,5 0

Solg) 1blhis uagd aslby

+ Algorithm = Logic + Control
2l e S b a —ipe sl SR L 2 K il 0

&

4'.;:._';_,.‘.._..5!5‘ (o= ] w'l......: LR J."-:'..__..-" b ol soles. I'._"._;-.Ijjl._;ﬁ‘;l

x | e~ = p L]
luﬁ.‘l‘)sﬂl",.!_; h_,'#n.#}a.‘l_-l.ﬂ—ﬂ.-ll.‘,._-
= | oa
=200
head :- literal,, ... literal,.
o P
criminal (¥} :— american(X]l, weapocn(¥), =ell=s{X,¥,Z), ho=ssile(Z).

NS SN VR [P O P I JPIP=: PYSCIN UL WPy T
(Append L)

append([],¥,¥).

append ([X|L],Y, [¥|Z2]) :- append{L,¥Y,Z).

-
L D L]
3

append(A,B, [1,2])

:La,'....l.; *



1A XTI (g i

Sgl g sla Jua
1 X g dlla Sy ) Bas - df g gpiun -
dfs(X) :- goal(X) .
dfs(X): - successor(X.S).dfs(S).
C el (885 dad 5) 3 SUCCESSOL [ 2l 2sa s S 55 4ila a5 s

D O3S 358 (o) Cad 93 (0 gal 4dli)

append([].Y.Y).
append([X|LL.Y.[X|Z]) : - append(L.Y.Z).
sla Ol s - append(AB.[1.2]) 7 : Ji g
A={] B=[1.2]
A=[1] B=[2]

A=[1.2] B[]

1Sy )90 53 R SIS
5l ok e wb 4y e oo 4 48 ol EMan ) gl Wlo> Jols acliy yn @

35 (o0 Gygo Bos Jgl Gt wi oS b s dgy (gilw 0po0; job 4 b pliiul ples @

Sy Jod Lo dloyo cp 31 4 Sy alor S Ol el Comns o 4 iy S0 3

L3¢ e 43S Back traking I8 opl 4 48 Liolesl 1) 503 cla > ol S o oM g

: Cut g
o 03l Selon by 4 pemes ol sl (o b cut jgued Sy (b5 ) eree sl Slygies § (S
CAS iy ialS giis lo; U ed,S (aBgie yoy 489 Joxe 5l 1) Back traking pjulSe oS aad
Sl ale G petwd leslael Lol s 4
35 lgSs (o p |y e3aste sl Bum i g2 35 Wl e 5 @ led 4l @

0,5 Jaled B yan (g S dadls Lo aoliyy @

: Cut g ;1 saliw! 3,lg0
Ol - Canl Bl fpme Ban (gl |y Cunyd ()98 & oS Solgn 4 pudled (o a5 Sloj @
s & CulSil g () (0 > Bip dy (2 Al |y e ol ST ST 05 acut

8l o

ol 50 g cwlols o Bua b subad (gl 0 Aol 000K Solgp 4 pudles 0 &Sl @

D9 (o o3lawl joiwd Cpl jlaass asldl 1y s



e S iyt Syae Jgh

& 05 (o Selon @ CUL 500 0SS W95 ) (See gam Glo Gl pudled (o0 &5 Sloj @
Al gam el s 4 500

Papleyd dag i Jlie &
P:-a,!b. a’b—P
P:-c. c—P

LIV Ll
0,33 Gdaio . el gl 6)l3S late ) Jdow 4Bl Lyl aseuss (Jgl adpe OMes (lyy oo
Ui 95 ol asiye aie 15 Lol 1l (6,505 Lo oS0 St ,500 Sy JoSe Sz 93 4l
Gdato ;> RESOIULON 15L5. 3908 Jo ey (65505 Lyians il j1 S 105,808 JoSia

3l (o pj S5 4 Sl as e
Al Gk a
hv Vi my VTN My

(Lv Vg Vv v&_:;vm.]‘-.F"'Vﬂﬁ_]‘-.-fﬂﬁ_l‘u'“'Vmu;IE

Unify (], —m) =8 &

—Rich(x) v Unhappy(x)

Rich(Ken) with 8 = {x'Ken}

Unhappy(Ken)
Jbas CNF alae Jloy py8 4 &Mas casl oY ol a5 ,0 3lais )0 Resolution jl edlatwl ¢ly
c s I 5l (Jad Sl 5 Jold gilas Loy p )8+ 59

:CNF @ Jia Jolye
by Sy Sl @

ahle Bha ~ Jasl e

(P s ) oyt 2,5 >l o

\\7d . .
S92y sy Sladlp @

Resolution '
Skolemization '



D S 1wyt Eas Y92

R e G & bajguw JES] g (oges jow Bl @

N v e
Ve iy ®

Cragaly gl €2 el il gn sawd 4S S - ONF Jlef &y pua do Jaad
Pl e
VA[VyAnimal(y) = Loves(x, y)] = [ZvLoves(y,x)]
yCeain )l Tl )
Tx[—=Ty—dAnimal(y) v Loves(x, v)] v [ZyLoves(y.x)]
WIS m sl o T
—7x, p=dx—p.—3x, p = Vx—p:
Tx[3v—(—Animal(y) v Loves(x, y))] v [IvLoves(y.x)]
Va[Iy——dnimal(y) n —Loves(x, v)] v [ZyLoves(y, x)]
Ta[JvAnimal(y) n —Loves(x, y)] v [FvLoves (v, x)]
badled saliiul laa pate S0 Sl Cud€ gar o lallial gla et ¥
Ux[3ydnimal (y) n —Loves(x, y)] v [dzLoves(z.x)]
2l Gl samydale ¥
Tx[Animal (F(x)) n —Loves(x.F(x))] v Loves(G(x),x)
)y e 5 s
[Animal (F(x)) n —Loves(x, F(x))] v Loves(G(x).x)
uliad venloa T

\‘

[Animal (F(x)) v Loves(G(x).x)] n[—Loves(x, F(x)) v Loves(G(x).x)]

-

HEJVVE VR3] WO B Kt e

Sl Dl Bl o8 ygm Sy g ST 0l yuie S 5l il jgw &S Canline ol a4 (g5l 3 il
Sl yusio | yow 9 &S [V X, PX)] V[T X, p(X) | Jo Moz sl cplpls . a8 oolaiwl jusio
o Bl 1y by By i (- ey pU S ) bt 51 (S0 Pl ST (e ooliul plics
32 35 0 Sygo ygw d,Sles 0jg> 4 dogi b dlie (la pU osd . el anlgss o B8l Wed
ol b T Uy syl b (L o8 5 5,80es sjgm Ko

Tx [Ty Ammal'y) A —Lovedx 3] v [Iz Loved z x)]



V) L s oy gp
PSS

\VV 1 e 3 . . & - e . ¢ e e
il pte 285 (6ygm g 0joy> ST g 0ad dgaome LIL (3929 b (ooges sy 09> 53 (S pite )S]
.J)b ‘DU

ol 045 39ae P y3 39390 X g 3131 q 40 dgg0 X o
Ix[px,y)] —, q(x)
(e gSuwl) g9 9 yow i ] 8
Bl e i Ol 6iS)5 e b ey (i C)le S T XL W (X)) A8 58
AR W) Xl a9 bl ) C Jro (0l jlude L3l (og0s jouw gub 0jo> I X 51 @

ubw‘ ‘) F silea L;”L’ ML 3[1?’»;;\'5{%: ....... Vxn (PP dl.tb)}w 0)9> J>|.) X )f‘ L4

Dl W F (X, XN) Sygo 4 Jols g3,

Sloyd azgi ale cpl jd Sl >

3 x,p(x.y)
VX, dy p(x.y)
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(AY = guolS” wdige ) § canl blis alos (CNF) clause p,6 ,Silo a5 plas-)
[VX, P(x) =Q(x)] —R(a)

(AY = ignolS qutige ) § ool Jlio b (s a5 plas=Y
dyVxVz[P(x) AQ(x,y) —=R(X,y,z)]

(IT-AY ) § cul blie e Clause g3 555,150 51 S5 plas=Y
[VX, S(x,R) — L(x,G)] — H(R)

free !’



YVY SWS i wyde Eguae gk

: Resolution »>,40 45 JUs
Pl ) 25 KB s 5,8
c Gl yaiie 0,5 51 L 0 cuwgd |y Sldl b Sy (A
. Cawl S S5 Rover (o
o)l cawga 1y b 445 Rover (g
CAHb Cuwd |yl )3 oS st R | pan A8 Gl (S
X oy b 45 il e yaie : H(X)
X (g S Bz : D(X)
X gl (60,8 il Cuvgd Bye t L(X)
W)y¥x D (x) —— L (x) vH (x)
<) D (Rover)
z) ~H (Rover)
s> IX (D) N L (X))

: ¥ 3,190 CNF
@) ~D ) vL(x) v H(x)
<) D (Rover)
z) ~H (Rover)
oS>:D(y) M L(y)
PS> e 1~D(y) v ~L(y)
: Resolution % 451

oS o ol gl ase hie sl o)) g0 ] oS A 5 ©lus b ] -
cpS oo b Jolee sl CNF 4 ,CNF 055 b5 (59, L) o5 (o 9 lus )b Y
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~D () vL(x) vH(X) ~D(y) v~L(y)
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:Resolution lwgi West (4391 0 500 OS]

—American{x) v - Weapon(yv] v - Sellsix.vz) v - Hostile(z) v Criminalix) | |—| Criminal{ |r1r"esr."|

e

American West) TV American{West) v 1 Weapon(y) v SellsfWesty,z) v 1 Hostile(z)

_-\‘—-\-—._

| — Missile(x) '-L'cc.;:m;.‘r.w‘ ‘ - Weapon(y) v - Sells(West,y,z) v - Hostile(z)

\

Missilel M1} - Missile(y) v - SellsiWest,y,z) v - Hostile(z)

‘—\—\

- Missile(x) v — OwnsiNono.x) v SellsfWest,x, Nono) -1 Sells{ West M1z) v - Hostile(z)

]

| Missile(M1) | - Missile(M1) v - OunsiNornoMI) v - Hostile(Nono)

T/

Owhs{ Moo M) = Owns(Noro, M) v = Hostile(Nene)

2 Eremvx.America) v Hostile(x) =1 Hostilel Neno ) |
Enemw Nono, America) Enemy Nono America | |

=l ==

:Resolution auwy 4 jake,Tuna Jls

e Jake owns a dog .
e Every dog owner is an animal lover .
® No animal lover Kills an animal .

e Either Jake or Curiosity killed the cat ,
who is named Tuna .

® Did Curiosity Kill the cat ?



\Vve

S iyt Syae Jgh

A. Ix Dog (x) » Owns (Jake ,x)

B. vx [ 3y Dog(y) » Owns(x,y)>Animal lover(x)]

C. ¥vx Animallover(x) > V¥x Animal(y)—=> ~Kills(x,y)

D. Kills(Jake, Tuna) v Kills(Curiosity, Tuna)

E. Cat (Tuna)

F. vx Cat(x) > Animal(x)
A1. Dog(D)

A2. Owns(Jake,D)

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

C. Animal lover(x) * Animal(y) * Kills(x,y)>False

D. Kills(Jake, Tuna) v Kills(Curiosity, Tuna)

E. Cat(Tuna)

F. 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 lover(x)

Owns(Jake,D) |Cat(Tuna) |

{x/Jake}

Animallover(Jake)

{}

| Kills(Curiosity, Tuna)->False

{x/Tuna}

*Animal(Tuna)

«{y/Tuna}

Animallover(x)"Kills(x, Tuna)>False

{x/Jake} ‘

| Kills(Jake, Tuna) |

Kills(Jake, Tuna)
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