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Percept sequence Action
[A,Clean] Right

[A, Dirty] Suck

[B, Clean] Left

[B, Dirty] Suck

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

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

Return action
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Percept sequence Action
[A, Clean] Right

[A, Dirty] Suck

[B, Clean] Left

[B, Dirty] Suck
[A,Clean], [A, Clean] Right
[A,Clean], [A, Dirty] Suck
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Model-based
Goal-based




vy Sadioh clb Jols 1pg> i

100k STy ool
5 25 o el b STl olsl 1y lelad] b dole ) sl o3l STy Jole ole g5 oy o3k
|5 el 03l STy Jole S Bpgyls ole Jo sl 15,15 dlibls a5y oo 03l |y lST,5] dosi b
il Blo LB 4y 3l s b sl Ay sl plSe (T LT 4l g lagme (b oo bl 2 o5 (] ey
basglie > (o)l Jolo acliyy o JUo plsiny il S8 s o] g b aunliio > Jolo 4oy STyl
e sl 44T ) Seo Yl Sl o Jeie
5 HiS1 g5 93 J1 " Jos = by opils g oo plnl Jae = by (3lgd (gm0 S olsl 2 oo Clsl 143
Al (65256

oS Wy oSSl 0 gl pols ymile ST it

pritgoe o190 1) 395 sl oISl 398 S35 L iy 0 sl S 2g 8
St shiadign 5 35 g died ool 45 L)l 1y Ltk LB Shs ol el STy cglay fole 24iS5
5 0350 paoual Cawyd Slgy (Jad STydl olwl p &8 0S8 0 )8 S0 50 i ool LiiSTy Jole W5yl (gdg050
Slyie 33l 42303 352y 6k Cagy pie SN o 4y 51 o A3l il Cagy ol Lpne 4] i
madls 23S 0 )1 0y Cadg) den glalapes )3 oS ol LSy slaole 3550 )3 IS o5 (g ey CISL
ol (o slradls ) 5,5 aS (olai |y (ASLeldl Wl Jole ST st Olial JB e el coly (o sl
40 45 33k Al g > ey 5] (el S S5l |y s Bgols Jole 1 Jlia sl s s 1Sl
s 5 sl 8o 005 b3l o3les STy ole (S eyl whuas) 1lgd 1503 gpe s Al e 63 3 bagio yob
cbie Gl (9,8 Jas (holal (ole SO glalase 3 plplo A8 Jas i (abd ol STy ol
ol Yo alsle tix (clalases ;5 Jg o
o0l STy Jolo 4t L
ol odal 5 S 53 ol Hlisle g odbe LiiSTy Jole 4ol y

Function SIMPLE - REFLEX - AGENT ( percept ) returns action
Static: Rules a set of condition - action - rules

State < INTERPRET - INPUT ( percept)

Rule «+— RULE - MATCH ( state,rules)

Action < RULE - ACTION [rule]

return action

Utility-based’

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

If status == Dirty then return Suck

Else if location == A then return Right

Else if location == B then return Left
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Function REFELEX AGENT_WITH_SATAE

( percept ) returns action

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

State «— UPDATE-STATE ( state,percept )

Rule «— RULE-MATCH ( state,rules )

action <« RULE-ACTION [rule]

State «— UPDATE-STATE ( state,action )

Return action
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function Best-First-Searclpfoblem,Eval-FN)

r eturns sol ution sequence
nodes := Make-Queue(Make-Node(lnitial-State roblem))

loop do
if nodes is emptythen return failure
node : = Remove-Front(nodes)

if Goal-Testproblem] applied to Statefode) succeeds
then return node

new-nodes : = Expandnode, Operarorgproblem],
Eval-FN)))
nodes : = Insert-by-Codinew-nodes, Eval-FN(hew-node))
end

Best-First Search
Evaluation Functior!
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Search Cost Effective Branching Factor

d IDS A=(h) A=(h,) IDS A=(h)) A=(h,)
2 10 6 6 245 1.79 1.79
4 112 13 12 2.87 1.48 1.45
6 680 20 18 2.73 1.34 1.30
8 6.384 39 25 2.80 1.33 1.24
10 47,127 93 39 2.79 1.38 1.22
12 364.404 227 73 2.78 1.42 1.24
14 3.473.941 539 113 2.83 1.44 1.23
16 - 1,301 211 - 1.45 1.25
18 - 3.056 363 - 1.46 1.26
20 - 7,276 679 - 1.47 1.27
22 - 18,094 1.219 - 1.48 1.28
24 - 39,135 1.641 - 1.48 1.26
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function HILL-CLIMBING( problem) returns a state that is a local maximum
inputs: problem, a problem
local variables: current, a node
neighbor, a node

current <~ MAKE-NODE(INITIAL-STATE[ problem))

loop do
neighbor+— a highest-valued successor of current
if VALUE[neighbor] < VALUE[current] then return STATE[curreni]
current < neighbor
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Ll 2l oSl cal g9y 1) 053 (sl o8] o 038" o Jgl 4o Bt 421, o )3 39290 Moz 5 g
255 bl
roid NONO J5i8 1y iy doelsl puolicie slacile 4y 1S5 00l K 85 canl culis K o) w65 o 958
Sl K Sy 4 g IS Lags Sidge ol plot 5 il po Sige (g0lia gyl o AL o 50l
] 00 4B 9,8 y0uiS oyl 4 Cowl
ol p e WESHAS 158 ol 25l oS0k 53 39290 cMer 0 2245 L
The law says that it is a crime for an American to sell weapons to hostile nations.
The country Nono, an enemy of America, has some missiles, and all of its missiles
were sold to it by Colonel West, who is American.
Prove that Colonel West is a criminal
sl oo Mgy dinluol golicie (clacdle 4y &8 S5 ye]
American(x) JWeapon(y) [Sells(x,y,z) [1Hostile(z) = Criminal(x)
Al o Sidge 3l ¢l NONO j0i8
[k Owns(Nono,x) LMissile(x): Owns(Nono,M ) and Missile(M.)
Al 0 4t g3 Gy JAS Lot aSge oyl plos
Missile(x) [1Owns(Nono,x) = Sells(West,x,Nono)
sl dnlsl e 55 Sibgo
Missile(x) = Weapon(x)
] o5t A3l S ol yaihd &' ()95 o
Enemy(x,America) = Hostile(x)
el o550l S West
American(West)
ol 155 50l 4e53sNONO 08

Enemy(Nono,America)



E9ae 9P Y\Y

... it is a crime for an American to sell weapons to hostile nations:
American(x) Weapon(y) USells(x,y,z) L Hostile(z) = Criminal(x)
Nono ... has some missiles, i.e., [k Owns(Nono,x) [1Missile(x):
Owns(Nono,M1) and Missile(M1)
... all of its missiles were sold to it by Colonel West
Missile(x) ]Owns(Nono,x) = Sells(West,x,Nono)
Missiles are weapons:
Missile(x) = Weapon(x)
An enemy of America counts as "hostile*:
Enemy(x,America) = Hostile(x)
West, who is American ...
American(West)
The country Nono, an enemy of America ...

Enemy(Nono,America)
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Criminalf Wesr) {x/West ]
Americanx) Weapon( y) Sells(x.y.z) Hostile( z)
P9d Pl
Criminalf Wesr) {x/West/
American{ West) Weapon(y) Sells(x.v,z) Hostile(2)
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Pow PE
Criminalf West) {x/West/
American{ West) Weaponi v) Sells(x.v.z) Hostile( z)
[
Missile(y)
role U
Criminalf Wesr) {x/West, vyM1 ]
American West) Weapon( ) Sells(x.v.2) Hostile( z)
[
Missile(y)
% P
Criminalf Wesr) {x/West, wMI, z/Nono}
American West) Weaponi v) Sellsi West. M1.z) Hostile( z)
[} | @/Nono |
Missile(y) MissileiM 1) Ownsi Nono, M1 )
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Criminalf Wesr) {x/Wesr, wMI, z/Nono |

.-'mwrni:*ma"“'csr;] | Weapon( y) I,Se.’.’s."lr'r"csn Ml.z) I Hostile{ Nono )
[} | Nono |

| Missile(v) H;'Hr‘ss:fﬂ'.-‘ff! J ] IG&-.*rrs-r.'\'mm.,-HI ;l IEnem.w Nono,America) ‘
| wM1] L] |} [
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Algorithm = Logic + Control
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American (x) * weapons(y) " sells( x, y, z) " Hostile(z) = Criminal

Prolog: Criminal(x): - american (x), weapons (y), sells(x), Hostile(z).
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criminal(X):- american(X), weapon(Y), sells(X, Y, Z), hostile¢dko <
2 Cod Sy W5 el R0 o) Sl 4 ) S 05 il
Cod 363 b ply (JB cund b dl @ppend( [ Y, Y) ¢
append( [X | L], Y, [X]|Z]):-append(L,Y,Z).e

g on

append( A, B, [1,2])? .
o Gl %

A=[] B=[1,2] -

A=[1] B=[2] -

A=[12] B=[]
WS glg 990 53 8 SIS
Slodds calae ob 4y deud jeb 4 &S Gl OMes I lallos Jols asliy yo A
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Rich(Ken)
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Ux [y Animal(y) = Loves(x,y )] = [Ly Loves(y, x)]
58 Gl |, gl #3
Ux [~ Uy = Animal(y) OLoves( x,y )] O[Ly Loves(y, x)]
> S g 4l W
a[xp=[lk-p, n [Kp=Lx-p
Ux [y = (= Animal(y) OLoves( x,y))] O[Ly Loves(y, x)]
Ux [Ly == Animal(y) U=~ Loves( x,y )] U[Ly Loves(y, x)]
Ux [Ly Animal(y) U-Loves( x,y )] U[Ly Loves(y, x)]
o puxito jlo 3 luliwl **
Ux [Ly Animal(y) - Loves( x,y )] U[Lkz Loves( z, x )]
il plsSsl
Ux [Animal( F(x) ) U—-Loves( x, F(x) )] ULoves( G(x), x )
(o505 ) oy Bl
[Animal(F(x)) 0= Loves( x, F(x) )] ULoves( G(x), x)
UrUajs %
[Animal(F(x)) ULoves( G(x), x )] U[~Loves( x, F(x) ) ULoves( G(x), x )]
1 o (5 jlw Oyt
e Sy ) G Slgi el o So g S edlitl e Sl jew 2 oS Caslies l @ (gl 3 il
odlitul plion (sbyysio j| jow g3 o8 [LI X, POO] V [OX, P(X)] J2o (Mer (sl cplplis a8 o3l
21555 ey (BB Wgibgn B Unygew Iaer By 3 (b e £ it |y Bt S (S0 o il S s
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Ux [Ly Animal(y) - Loves( x,y )] [l Loves( z, x )]
PU S it a8l (59 gd 05923 5T 9 0aD dgamme wil (3529 b (oages g 09> 3 (S yeite 5] 24K
Sy
sl oa 3940 0 33 35250 X 5 3031 Q) 13 35290 X 2o
= X [pxy)] g (x)

free'
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:Resolution dawgi West 9 g3 ¢ y20 wbst

S Americonx) v - Weapon(y) v i Sellsixyz) v - Hostile(z) v Criminal(x) ‘ |—| Criminali Irt"esrj|

. . N S 2

e A.

e B.

e

American West) T American{West) v 7 Weapon(v) v 1 Sells{Westy,z) v 7 Hostile(z)

|

|—|.-‘-.|‘r'ssr'|'cr..s y Wca.pc:;.r..s‘ |—| Weapon(y) v - SellsiWestv.z) v — Hosrilelz)

|

Missilel M1 ) 1 Missile(y) v - Sells{ West,y.z) v — Hostile(z)

- Missilefx) v = Owns{Nono.x) v Sells{West,x Nono ) | - Sells{ West.M1.z) v - Hostile(z)

]

| Missile(M 1) ‘ - MissilefM 1] v - Owns(NenoM1) v — Hostile(Nona)

4

Owens{ Noro,M 1) - Owns{Nono,M1) v - Hostile(Nono)

| 1 Enemwx,America) v Hostile(x) | =1 Hastilel Neno ) |

‘ Ererw Noro, America) Enemw Nono.America ) |

= ==

tResolution dwg & jake, TunaJlw

Jake owns a dog

Every dog owner is an animal lover

No animal lover kills an animal

Either Jake or curiosity killed the cat, who named Tuna

Did curiosity kill the cat?

[x Dog (x) » Owns (Jake ,x)

Ox [ Oy Dog(y) » Owns(x,y)>Animal lover(x)]

. Ox Animallover(x)—=> Ox Animal(y)—=>~Kills(x,y)
. Kills(Jake, Tuna) v Kills(Curiosity, Tuna)
. Cat (Tuna)

. Ox Cat(x) > Animal(x)
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e Al. Dog(D)

e A2. Owns(Jake,D)

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

C. Animal lover(x) ~ Animal(y) ™ Kills(x,y)—>False
e D. Kills(Jake, Tuna) v Kills(Curiosity, Tuna)

E. Cat(Tuna)

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

Dog(D) ||sDog(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)
{bdJake} {X/Tuna}

’Ani mallover(Jake)

Animal(Tuna)

{y/Tuna}

Animallover(x)"Kills(x, Tuna)—>False

{
| Kills(Curiosity, Tuna)->False

{x/Jake} ‘

Kills(Jake, Tuna)

| Kills(Jake, Tuna)]

{
False
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Sl
=K(X) C M (x)
=K () 0Q(x)
L(N(x) OM (g) OP(x,y))
- Q(ali)
K (amir)
L(ali)
Q(ali) = M(amir) .. P(amir, ali)..
K(amir) = P(ali,amir) .» N(amir) C-K(ali) .z

Sl blae ©Mas ot donis i san 5 5l Solss™ Y
[xcat(x) C owns(Hamid, x)
Ox (O, cat(y) Downs(x, y) = animal —lover (X)
OxOy(Animal —lover (x) Danimal (y) = = Kills(x, y))
kills(Hamid, Puya) [Jkills(Behzad, Puya)
Fish( pupu)
[x(Fish(x) = Animal (x)
= kills(Hamid, Behzad)
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Sazwa ((UNIfication ) g5l oLy BBy clile 5l zg; plas™ ¥

P (f(x), f(x)) P(f(x),y)

{ P(x,x) ™ {P(y, f(x)) o

{P(f(X),X) . { P(xy)
Py, f(y)) P(y, f(x)) ¢
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[OxShiny(x) — Niceweather (x)
OxCyHealty(y) [ Niceweather (y) — Gotoswim(X, y)
Shiny(Saturday)
Healty(Amin)
[IxGotoswim(x, Friday) - Healty(x)
Gotoswim( Ali, Friday)
Shiny (Friday). Healty (Ali) .
Niceweather(Friday) Gotoswim(Amin.Friday)x
wlord olo Jgl adye gahie ©ygo 4 o] opilgd a5 Ll oL Gl ) Jlote maplgs o &S oKin 0
il 5wl ) slasby) I SeelsS cupmn o
taw Jgl (g9 .l
( Forward Reasonings )., JYswl .o
( Backward Reasoning, y., JYal .z
( Generate & Test Yool 5 Mg (oo
A=AA Jof ¢
<l (Unification ) ¢l LS 1B R(X), F(A), F(Z)o,ke b p; olle 5l Selss 5

R(F(2), x, F(B) )« R(F(2), F(y), F(x) )i
RCF(Y), ¥, x)- R(z, F(2), F(B) )
AR—AA pgsp

el 325 Ol 93 Sl LSy (mges ) sl 4L Sl Selus Y
Unify (knows(Ali,x),knows(y,t))

{y/ali,x/t} < {y /ali, t/ f(x)} .
A 3k Sy LB e ol {y/ali,x/ali,t/ali}¢
Sl Canlio 5 Gl (slaolSoly | SalsS” g9y » " gl 4ye (hate 1 gy (slo s " piygSI A
P(x) L Q(X) = R(x) P(X) L = Q(x) = R(X)
P(A) o P(A) all
Q(x) —Q(X)

P(X) CQ(X) = R(X) PXCQ(X)= R(X)C A

P(A) 2 P(A) z

Q(¥) ~Q(X)
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Dol oo AiSu)y H9d g &l HST e 5 a8 Slglhs o slasllail gy Sels o
A o e Bun b &S (o0b; slacusdly Ay jl ) el 2
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M Gl p

Sazwa ((UNIfication ) gjls (s LB 5 <lhle 5l zg; plas )

P(f(x), X ) P(Xx,y)e P((X), f(x) )w P(1(x), y )l
P(y, f(y) ) P(y, f(x)) P(X, X) P(y, f(x))

V=MV Jglpe 5

Dsder Selon 2 WIS Gl bdgiowl gomina el ) CMer Jl iy pls Y

path(X . Z):— path (X .Y ). link (Y.Z). path (X ,Z) : =link (X ,Z).
path(X,Z): —link (X ,Z). o path (X .Z) : — path (X .Y ). link (Y .Z). .
pX . [X1Y]). append(1].Y.Y).

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

V=M pgops

Sl 465 gl adye laie o Clbo! dlus WY

2346 bl ol FALSE 5 pdy Gl dex jo gl TRUE Gl 1y e 0 g oresi 2 loial, )
(Ldlee
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Ox[Cy Animal(y) O [CLoves( x, y)]d[(kz Loves(z, x)]

[Animal( F(x) ) O [Loves(x, F(x) )]U[Loves (B, x )]
[Animal( F(x) ) O Loves( G(x), x )] [LLoves( x, F(x) ) Loves( G(x), X )}«
[Animal(A) O [Loves( x, A)]U[Loves( B, x)].z
[Animal( F(x) ) O Loves( F(x), x )]2 [[Loves( x, G(x) ) Loves( F(x), x )]»
oS il cayd blie @ile ,S1 .00
Loves( Father(Bill), Bill )
{Loves(x, y) A~ Loves(y, x)
Loves( Father(Bill), Father(Bill) ). [Loves( Bill, Father(Bill) ).
Loves( x, Bill ).» Loves( Bill, Bill') ..
Sl plS 5 o)le > (Most General Unifier Juus’ (s o ple N5
P( X, F(X), M(bill) ) P( bill, F(bill), Y)
{X/bill, Y /M(bil)} .« {X/Dhill} .
{Fill) /Y, XY} » {XI1Y} ¢
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A—AY pgop
38 s Jgl 450 3haieys (CNF) (ibae Jloy JS 1y 5 jlee
[ OyAnimal(y) = Loveg x y)] = [LyLove(y, X)]
Canlys 5 glime 4 &S
Everyone who loves all animals is loved by someone
M Glubip 5
S i |y 5 Baa ((Resolution ) oo gl eacls 5l solil b

Kills(Curiosity , tuna) :_sda

0§ CyAnimal( y) = Loveq x y)] = [CyLovedy, X)]
O CyAnimal(y) OKillg % y)] = [z~ Lovey z X)]
[OxAnimal (x) = Loves( jack, x)
Kills(jack,Tuna) OKills(Curiosity, Tuna)
Cat(Tuna)
[OxCat(x) = Animal(X)
AR—AA Jol ey
8 S axnl, Criminal( West )olg o LT ausl 5 cygo 4 Jgl 4550 Shte » &er o 590 5

(005 V/0) 238" Sl ]y 393 40,085 gy (o5 2501 L il
(0,057) -aules (Resolution)ols! Lbss b .o
DX, y, ZAmerican(x) CWeapon(y) C Sells(x, Y, z) C Hostils(z) = Craminal
2)[(xOwns(Nono, x) [ Missle(x)
3)[IxMissle(x) JOwns(Nono, x) = Salls(Mest, x, nono)
4)[OxMissle(x) = Weapon(x)
5)xEnemy(x, America) = Hostils(x)
6) American(\West)
7)Enemy(Nono, America)
AM—AApgdpy
eyl 1) 0 Alies
"l oy Bl 1S pel G a5 iy Ky 1) iolacSiige oled g 3l
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