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function GENERAL-SEARCH( problem, strategy) returns a solution , or failure
T N U N é g e initialize the search tree using the initial state of problem
Q‘CE'“°JL“M4€L€*’QJ‘JUNJ:“§L§‘J{L§J‘*{°;UL>‘:"JE&° b

= | d
s S oop do

. if there are no candidates for expansion then return failure
.JoﬁsuojeﬂLMJbﬁ-LwJ‘ ®

choose a leaf node for expansion according to strategy

& = & . - P . & - . . . .
o }‘;.5 odo A e J‘ U9 éi.i @ | ) P S if the node contains the goal state then return the corresponding solution
s 33 0SB &S 4>“uT Lopdy Gy Sl o idas else expand the node and add the resulting node to the search tree

J.;)‘Ju-l.&\au?-b‘jdﬁﬂ\fdffﬁj &‘QEJJM end
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Straight—line distance

o Buchamst
Arad 66
Bucharest i)
Craiova 180
Dobreta 143
Eforie 161
Fagaras 176
Giurgin T
Hirsova
ﬁhﬂ' 176
ugoy 1+
Mehadia 141
MNeamt 134
Oradea 180
Pitesti 10
Rimnicu Vikea o3
Sibiu 253
Timisoara 29
Urziceni 0
Vashi 199
Zerind 174
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329

0: [A(366)]
1: [S(253), T(329), Z(374)]
2: [F(176), R(193), T(329), A(366),

7(374), 0(380)]
0

3: [B(0), R(193), S(253), T(329), A(366),
Z(374), 0(380)]

4: [R(193), S(253), T(329), A(366),
Z(374), O(380)]

N. Razavi - Al course - 2007 8




Alosys (seaTms olga
LS8 il 3 el S s § ol
Fagaras Csas cJl> dasi adsl Sl :Jle —
Iasi = Neamt = lasi = Neamt = ...
ubl:bﬁ)@&‘f@g)f&)ﬁ&L:Ln\cabln)gg'ﬂ)g; AT,

s o K bl 5515 e 8 ples L(D7) Sl Ty

(J8 s g e 5 1) o T

A* (son3man

S bl (il o 4l 8 odd Ladie O ST ST ols s 3 28 Sl ek

il o~ L;W}UCS sblse ;.:fjA*
%4}&\{4‘&5@&‘#‘)[](]1)4}@?6)&@ —
.ML{J:JL:)')MHU‘jSJQCM‘%)J»KE.XS@J;‘J")MA;i}ALUCS‘_gﬁe.'m.? —

LS

f(n)=g(n)+h(n)
T2 0l 03 gy s 43 52:2( 1)
ABOR G 1251 o ol )y o 50550 smedes aua (1)
2,08 13 AS o oly 55 e auja i 1)

N. Razavi - Al course - 2007 9 N. Razavi - Al course - 2007 10
A* (;A.mm J0Ow
S A* (s083ma
601366 AS” e oslizul (admissible) J s bl ¢S ) op S5 5IA*
% @ @ NCRU 7 g P MJA]]$(H)Q|J.> « h(n) <[1$(U)U‘N ey
: 447=118+329 t
) : T=118+. 449=75+374 Iy -
MR e o
G s Sz 0
646=280+366_45=2D3+176 671=291+380 (b s e G) A(G)=0
3:‘:,:.9 '-‘.::: ZJKJ}b 4
G o) () G 0= hw) <)
591=338+253 450=450+0 = A{7= 00 = . et
526=366+160_—4T7=317FT00___553=300+253 d‘f,‘ﬁ 5 5 3 Mﬁ \g,w bSLD(H) s s 55 tdle
¢ T Mj: Ol V...Ms\l.p j:g}gs\l.p JJ.AL;) R ..«\.A\yu
Q y vilcea (J.wla L;‘
418=418+0 615=455+160 607=414+193
N. Razavi - Al course - 2007 11 N. Razavi - Al course - 2007 12




Jns JiE Gy

@il o a gl Sl Jps bl (1) w5l ¢Sy gp &S
SO a4 Dby &l 81y 450 AF(01) o A(n) < f*(n) bl
Jw»ladnﬂo;

ub-)‘ “"JJMQQM)MJA;JAJ‘}JJAD&MW;‘)}.A&
w\@buﬂ?wcu\a)ww

e ol i |y iy 4kl ooen) figp (1) St s 1l
(J;)L;w

TREE-SEARCH i esliel UA® (sl Jo 6 (1) 3V s
NG LIV

N. Razavi - Al course - 2007 13

G,)

(O01) A% (,Sixe

S0 15 Ca y sedis W5 Gy Wl aig ) Ol &K US55

(W).\..ul;GA...@JMQMJﬁb}féJ)wLwrSa;&ﬂAﬁfda;ﬁra

Start

[ . {':2
=2(G,) h(G,) =05
> g(G) Sl g 50y 0y
>fin) W PR, PRpeS

ST s DBl 8L a8 6115 Gy S35 g AF ) S H(G) 2 (1) 0

N. Razavi - Al course - 2007

14

(Consistency) )5 :@) S0

b(ﬂ)SC(I],H,H)"‘[](H) :J?‘c“”‘)g).h"&::“‘.’.)}:*& ¢
:r.i)‘.\ CJ.QL )\f)l.wal *

()= () + A1)
=gn)+dn a n)+ An)
> g(n) + A(n)
> f(n)
(MONOtONICItY ¢ oI oK) il o 2l & (G e A dsb 3 M(11) con °

ool 44 GRAPH-SEARCH jl oslizal L A* (sl ,8 50 A1) $1iais o

N. Razavi - Al course - 2007 15

A* Sisg

'MD@Jfﬂffﬁdeiw%}wb‘ﬁb\.&a;A*:”,

N PPH \,uf-contourc,,,\s w A*
[<[; 68 il o =1Lk ;CL‘” Joli 7, 28

16
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(RBFS)3in5ib 03)3e3-Jo) (s93uma

function RECURSIVE-BEST-FIRST-SEARCH(problem) return a solution or failure
return RFBS(problem MAKE-NODE(INITIAL-STATE[ problem]),)

function RFBS( problem, node, f limif) return a solution or failure and a new f~cost limit
if GOAL-TEST[problem|(STATE[ node]) then return node
successors < EXPAND(node, problem)
if successorsis empty then return failure, co
for each sin successors do
f1s] « max(g(s)+ h(s), f{nodel)
repeat
best < the lowest £value node in successors
if f1besf] > limit then return failure, /Tbesf|
alternative < the second lowest £value among successors
result, f1besf] < RBFS(problem, best, min(f limit, alternative))
if result+ failure then return result
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RBFS soaims JGo
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RBFS (sqaims Jlo
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(Simplified) Memory Bounded A*
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h,(n) = number of misplaced tiles
h,(n)= total Manhattan distance
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2+5
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[$2INGYJT)

(Dominance) b3

hy(n) > hy(n) o3k wslsn p sl 510 e

(122l J 35 W6 Sty 3 33 5 5)
.Mpdfﬁwdljj.s)bwblﬁbza@T .
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d=14 > IDS = 3,473,941
A*(h) = 539
A*(h) =113

d=24 > IDS = 54,000,000,000
A*(h)=39,135
A*(hy) = 1641
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(b*) Yoo alainil yo35Ls

(EBF) j5 5 claiil ;556
b d o oly Gos 5 15U N st Iy Lo g 4l 3 28 sla o S slaws S
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Poo Clainil je35 § gaTus adje oy anlis

Search Cost Effective Branching Factor

d IDS A*(h)) A*(h,) IDS A*(h) A*(h,)
2 10 6 6 2.45 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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(91375300 HLsHS B )i53)98 W3

«aladls Cars b Lade dn jo Caw gl 095 5l 8, YL ailor

function HILL-CLIMBING( problem) returns a state that is a local maximum
inputs: problem, a problem
loecal variabhles: 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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Simulated Annealing
S o3 sle IS o plowil b e (sla e ST Sl o] 0
;;‘J(mhwk)&Q\ffé‘wjo)‘ub‘cﬁ)x‘ULA\

function SIMULATED-ANNEALING( problem, schedule) returns a solution state
inputs: problem, a problem
schedule, a mapping from time to “temperature”
local variables: current, a node
nezt, a node
T, a “temperature” controlling prob. of downward steps

current+— MAKE-NODE(INITIAL-STATE[ problem])
for {+ 1to oo do
T+ schedule[f]
if 7= 0 then return current
next+— a randomly selected successor of current
AE+ VALUE[nezt] - VALUE[current]
if AE > 0 then current + next

else current + neat only with probability e® £/T
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Local beam search
(¢S] s (Jns (s9alms)
Ll o sl Bl jb 4 S -k Lgy s 0

pd o g o K g O3 ples 1SS 8 s 0
35 5550 o (st giea S o Sl T 51 S S e
b e 56 KO3 S Cad Ole 51 Syse o)

N. Razavi - Al course - 2007 54

QAT e

s <S5 5 ol a4 ]ocal beam search ;| o5 ©

PROBLEM

Selecti
election Selection
of parents

Population Reproduction

of solutions

Population
of offspring
Replacement

N. Razavi - Al course - 2007 55

Ga0) slo @3)93))

2 ol 0 LS S L e - S

(Corez) Solas [y gt ij& J

355 o plai3l 3 gdoes 48 gaze o (g p ath, S L Ll S0
(5505 50— (& 5 o 5l sl 4y )

<YL st (Fitness function — Sl 26 bl mb e
AST 0ol e OV (1T,

’f;@@j&”WSJJﬁJJW‘(&‘LWLSMJ*A °
(Selection) ol —
(Crossover) il —
(Mutation) _ig> —

N. Razavi - Al course - 2007 56




QLT slo eI

24 31% [ 32752411 [32748552 =] 3274¢Tb2 |
23 20% @\24752411}—-{24?52411\
20 26% 32?5:4411 [32752124 || 37Bb2124]|
1 14% [ 24415811 | 2441541[]|

(a) [1:3] () (d) (=)
1nitial Population  Fitness Function Sel=ction Cross—Owver Mutation

LS b bl |y KuSK S ols s i sl 1 S5, ot
@ *7/2=28 :4ay Sle oo tpaiin)
24 / (24+23+20+11) =31%
23/ (24+23+20+11) =29%

N. Razavi - Al course - 2007 57

G sl @3y)3))

Crossover Jos sl Jbe &S @
Parentl Parent? Offspring

- W W |
| | |
(3,2,7,5,2,4,1,1) + (2,4,7,4,8,5,5,2) = (3,2,7,4,8,5,5,2)
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Gy @32)e)!

function GENETIC-ALGORITHM( population, FITNESS-FN) returns an individual
input: population, a set of individuals

FITNESS-FN, a function that measures the fitness of an individual

repeat
new_population < empty set
loop for /from 1 to SIZE(population) do

x «~ RANDOM_SELECTION(population, FITNESS FN)
y « RANDOM_SELECTION(population, FITNESS FN)

child < REPRODUCE(x,y)
if (small random probability) then child « MUTATE(child)
add childto new_population
population <« new_population
until some individual is fit enough or enough time has elapsed
return the best individual in population, according to FITNESS-FN
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Online DFS-Agent

function ONLINE-DFS-AGENT(s") returns an action
input: s’, a percept identifying current state
static: result, a table indexed by action and state, initially empty
unexplored, a table that lists for each visited state, the action not yet tried
unbacktracked, a table that lists for each visited state, the backtrack not yet tried
s,a, the previous state and action, initially null

if GOAL-TEST(s") then return stop
if s’is a new state then unexplored(s’] < ACTIONS(s)
if sis not null then do
resulfa,s] < s’
add s to the front of unbackedtracked(s’]
if unexplored(s’] is empty then
if unbacktrackeds’] is empty then return stop
else a <— an action b such that resu/f b, s’ |=POP(unbacktracked|s’])
else a <~ POP(unexplored|s’)
s« 8
return a
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GOAL-TEST((1, 1))?
— Snot = Gthus false
* (1,1) anew state?

— True
— ACTION((1,1)) -> UX[(1,1)]
b ‘ G « {RIGHT,UP}
j e sisnull?
2 — True (initially)
« UXJ(1,1)] empty?
1 S ‘ ‘ — False
1 - - . -  POP(UX][(1,1)]) > a
— a=UP
« s=(11)
* Return a
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— result [DOWN, (2, 1)] <- (1,1)

- UB[(1,D] = {(2, D)}
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, * GOAL-TEST((1,2))?
S _(1,2) — S not =G thus false
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‘ G — True,

5 * sisnull?
— false (s =(1,1))

UX[(1,2)]={RIGHT,UP,LEFT}

— result [RIGHT, (1,1)] <- (1, 2)

5] sl :
| . UX[(1,1)] empty? | ~ UB[(1.2)] = {(L.1)}
1 2 3 — False 1 2 3 « UX](1, 2)] empty?
« a=RIGHT, s=(1,1) — False
. return 2  a=LEFT, s=(1, 2)
e return a
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Learning real-time A*

function LRTA*-COST (s, a, s’,H) return an cost estimate
if 57is undefined the return A(s)
else return c(s, a, s°)+ H[s'|

function LRTA*-AGENT (s°) return an action
input: s’, a percept identifying current state
static: result, a table indexed by action and state, initially empty
H, a table of cost estimates indexed by state, initially empty
s,a, the previous state and action, initially null

if GOAL-TEST (s) then return stop
if s7is a new state (not in /) then H[s’| « A(s)
unless sis null

resulfa,s) < s’

H[s] < MIN LRTA*-COST (s, b, result[b, s|, H)

b e ACTIONS (s)

a < an action bin ACTIONS (s) that minimizes LRTA*-COST (s’, b, resuit[b, s, H)
s« s

return a
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