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function SIMPLE-PROBLEM-SOLVING-AGENT( percept) returns an action
inputs: percept, a percept
static: seq, an action sequence, initially empty
state, some description of the current world state
goal, a goal, mnitially null
problem. a problem formulation

state + UPDATE-STATE(state. percept)

if seq 1s empty then do

goal + FORMULATE-GOAL(state)

problem + FORMULATE-PROBLEM( state, goal)
seq + SEARCH( problem)
action + FIRST(seq)

seq + REST(seq)

‘ return action
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function TREE-SEARCH( problem. strateqy ) veturns a solution, or fatlure

initialize the search tree using the mitial state of problem
loop do

if there are no candidates for expansion then return farlure

choose a leat node for expansion according to strategy

if the nods contans  goal state then return the comesponding solution
else expand the nod and add the resulting nodss to the search tree
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- A state is a (representation of) a physical configuration.

- A node is a data structure constituting part of a search

tree includes state, parent node, action, path cost g(n),
depth.
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function TREE-SEARCH( problem, fringe) returns a solution. or failure

fringe + INSERT(MAKE-NODE(INITIAL-STATE[ problem]). fringe)
loop do
if EMPTY?( fringe) then return failure
node < REMOVE-FIRST( fringe)
if GOAL-TEST[ problem] applied to STATE[node] succeeds
then return SOLUTION(node)
fringe + INSERT-ALL(EXPAND(node, problem), fringe)

function EXPAND( node, problem) returns a set of nodes

successors +— the empty set
for each (action. result) in SUCCESSOR-FN[ problem](STATE[node]) do
8 +— anew NODE
STATE[s] ¢ result
PARENT-NODE[ 3] « node
ACTION[8] + action
PATH-COST[s] ¢ PATH-COST[node] + STEP-COST(node, action. s)
DEPTH[s] «+ DEPTH[node] + 1
add s to successors
refurn successors

www.students.madadyar.com




bl glp (b Y

ad jl gam 05

www.students.madadyar.com



b aiS o Job jad>

M dL.)l 9 ol J,...]y LSLQ o)§ Miss @

28l ya8s oot (¢l
alasls )5 o0l 005 (sla 05 olu STas @

www.students.madadyar.com



g £lgsl

‘ 135 L 3 90 » (S8LAl wuleMbl &R (\

PlAS 383 Housils 9 3wy ) VL JSlgs (50 LS (Y

S )9ad (S9ximwa b AlaBT (gg=xima

’




gl Ban pé ) i g Mg ) aleintily wlgS o L leets oSl
A

XWAE ‘_;QLH.M.{‘ S 9 Cww> L ST S 9 Cuw> o cj.iia

L

www.students.madadyar.com



sl
Jhiad

(b) claz) Sk e

.a)f).b d‘wa 31433)5:51» =

d -
a8 (15 Bek oS Gas T
Im e

(Mol colys o cwl (Sen) > slad gas Sl b P

g laj 53 ouds a3 Slea S slasl el ol

sy g s alablo )3 03k 55 sl o8 Sl lal p Lind @

www.students.madadyar.com






(




(BES) gelamt J§1 (& Gty

Al o S e G g 0 B bl s g 4y 10
..Uj.i‘;oob‘b“;e}l..s/d*'l &o&j‘ﬁcd Wého;ch;‘;uQ)L:ﬁQ°

0305 S G g Nss e o0dls L3 Che S sl J’C“"‘J"‘db'f Jd> slga S
PRI Prs

AJS&‘J&"JMJ}W“SBFSMb@‘::y;?obw&ﬁ"

www.students.madadyar.com



D &y s i s )51 p2) 3)d $9)
T Py oo

: A
G u 2B w4 s

=



T 39T Cuwds 1) p9)




. 39 (50 03wl o 0315 Yleidlw )l (xhoww ST @i 9Tl 5w 03y iy dngS

S pgo ol e 5o (F

Sy eads okiles aie
B o ST(Y oxilgs puase ,ST (¥ 9 oS g5 o
JUPSICION ) POV 2ol olas),s
Slda 5 3979 D90

S o S ()
adyl Ll 9 oS slow

oy 1,8 ol ya 1,

29 Pg)L\J Olg=> Cuwl
raie Oygo il g Sly= Olgie 4 1)
Ol 5 o sl )5 9ads

Vo, a g0 ,l,8

0‘95:.3')5.3.@,»

9




7o S9Tiama @i 93l (5w o3y I JUe S
®
F BE——A




-

Sl a ) elai)l d

-

Sl 35339 ) S GeTws ©ds)



Complete? Yes (if b is finite)

Time? 1+b+b2+b3+... +b + b(b4-1) = O(bd+1)

Space? O(b4*') (keeps every node in memory)

Optimal? Yes (if cost = 1 per step)
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BFS ) ul..o) 9 alhol> J).uao u|).¢,c

Depth Nodes Time Memory

0 1 1 Millisecond 100 Dbytes b=10
2 111 1 seconds 11 kilobytes asl y3 c‘; Vouu
4 11111 11 Seconds 1 megabyte <ol \os a; A
6 108 18 Minutes 111 megabytes
8 108 31 Hours 11 gigabytes

10 1010 128 Days 1 terabytes

12 1012 35 Years 111 terabytes

14 10" 3500 vyears 11,111 terabytes
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Complete? Yes, if step cost = e.

Time? # of nodes with g < cost of optimal solution,
O(bceiling(C*/ e)) .

where C is the cost of the optimal solution.

Space? # of nodes with g < cost of optimal solution,
O( beeiling(C*/ s)).

Optimal? Yes — nodes expanded in increasing order of g(n).

www.students.madadyar.com



T3S 05by pa) I 590 b Oy dis j b 9w @iy )9l = Jls




'”°¢&Mbﬁw“)°}‘€‘-§@pc)§w ‘i tan ®
53)&“)4&5&:}2&«')0@‘.&Q;EJ)MQGM)_,W‘U;‘LA‘ |

.bg.wdn ﬁbu‘ (LIFO or StaCk) iy g L5)Lw soly ©

IR alasl> 4.3)‘1{:3 said 8513 lwo snile 691" %gL:s 055 ¢ Ll jj.a

www.students.madadyar.com



A 8 T M,
S o

L t‘{"u"-?“ﬁ‘:t“

(o ﬁrit’ﬂr WInreT)

T
K, 5, S, L S e
i ”*v’i!v%!-h‘v'»’*

"‘

A
A 4

o, ."tt';': ] i:‘
Tl

£,

AR Timisoara
SRty

"

t“:{t“#&‘t“'&f‘t t

. ' Gl
@_ra_dea . Ul'lli <’

.‘ et e
T, I I I
*tw.viw. :

O3 53 3dome Db (gliad & 5L et ) )0
Liq-:__ﬂl A= -

Zeri@ GibiD @iso@ L .;..» \_§.:- S )| .!u'La L
g b 150 S : b

www.students.madadyar.com



www.students.madadyar.com






sl

(DFS) <= J3) s

Complete? No: fails in infinite-depth spaces, spaces with loops

Modify to avoid repeated states along path.

Complete in finite spaces

‘Time? O(b™) : terrible if m is much larger than d.

*Space? O(bm), i.e., linear space!

Optimal? No.
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function DEPTH-LIMITED-SEARCH( problem. limit) returns a solution, or failure/cutoff
return RECURSIVE-DLS(MAKE-NODE(INITIAL-STATE[ problem]). problem. limit)

function RECURSIVE-DLS(node. problem. limit) returns a solution, or failure/cutoff
cutoff-occurred? + false
if GOAL-TEST[ problem](STATE[node]) then return SOLUTION(node)
else if DEPTH[node] = limit then return cutoff
else for each successor in EXPAND(node, problem) do
result <+ RECURSIVE-DLS(successor, problem, limit)
if result = cutoff then cutoff-occurred? + true
else if result # failure then return result
if cutoff_occurred? then return cutoff else return failure
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Complete? Yes, if L>d.

‘Time? O(bl)

*Space? O(bL), i.e., linear space!

*Optimal? No.

* Yes, if 1=d and step cost has constant value.
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function [TERATIVE-DEEPENING-SEARCH( problem) returns a solution, or failure
inputs: problem. a problem

for depth + 0 to oo do
result < DEPTH-LIMITED-SEARCH( problem, depth)
if result # cutoff then return result
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Iterative deepemng search l =1
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Iterative deepemng search l =2
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CS 3243 - Blind Search 14 Jan 2004

Iterative deepening search [ =3

Limit =3 ON

..........................................

www.students.madadyar.com



.

- Number of nodes generated in a depth-limited search to
depth d with branching factor b:

Nprg=b2+ bl + b+ ... + b%?+ b%L + b7

Number of nodes generated in an iterative deepening
search to depth d with branching factor b:

Nips = (d+1)b° + d b* + (d-1)b”2 + ... + 3bd2 +2bd-1 + 1bd
« Forb=10,d = 5,

> Np;g=1+ 10 + 100 + 1,000 + 10,000 + 100,000 = 111,111

s Nipg = 6 + 50 + 400 + 3,000 + 20,000 + 100,000 = 123,456

» Overhead = (123,456 - 111,111)/111,111 = 11%

www.students.madadyar.com



IDS) (5,155 03358 (aoc (5920w

» Complete? Yes, (if b is finite).

» Time? (d+1)b° + d b* + (d-1)b? + ... + b = O(b9).

» Space? O(bd).

« Optimal? Yes, if step cost = 1.
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43,k 99 (59ime

» Complete? Yes, (if both of searches are BFS and
b is finite)

» Time? O(b""?)

. Space? O(b"?)

» Optimal? Yes, (if both of searches are BFS and
cost is fixed)
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Criterion Breadth- Uniform-cost Depth-First Depth- Iterative Bidirectional
First limited deepening search
YES*  YES* NO MES®  YES* YES*
bd+ 1 bC*/e b bl bd bd/2
b1 bce bm bl bd b??
YES* YES NO NO YES*  YES*
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function GRAPH-SEARCH( problem, fringe) returns a solution, or failure

closed +— an empty set
fringe < INSERT(MAKE-NODE(INITIAL-STATE[ problem]). fringe)

loop do
if EMPTY?( fringe) then return failure
node +— REMOVE-FIRST( fringe)
if GOAL-TEST| problem](STATE[node]) then return SOLUTION(node)
if STATE[node] 1s not in closed then
add STATE[node] to closed
fringe + INSERT-ALL(EXPAND(node. problem). fringe)
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211

O o
111
O o7

: 43Lay 33 (59 b 03T w3y juuse
S-E-F-G =140 + 99 + 211=450

2 Al OMTMJQ)*HM

S-E-I-H-G =140 + 80 + 9/+101=418




EEEEE———.....

Complete? No — can get stuck in loops,
e.g., Iasi > Neamt - Iasi > Neamt -

Time? O(b™),
but a good heuristic can give dramatic improvement.

Space? O(b™)
keeps all nodes in memory

Optimal? No
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g o0 Jo5 g o KTh = h* )f‘

Dgm o0 dups g oS h = h* Jf‘




e 0 b ot LS T ogr a3 2 9SG &S led S L 3l gt ol 55

o Slars Gy 5 Ol dujp b gt $blie oS5 AT Ggmitns i s

AT s sl gt o

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

N o ) Lo ol ol ieasss ansa T(11) gdly o
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A*ﬁ;&r&%'
Al Jgd b Son )00 S h(n) Sl ag @

(Admissible) Jgd b Ko ygun ©

. . R LR “w . . . & M . . . . |
--*-’)-’U'ft*"’g”‘j %“&‘)MDJJ&QUW) M)Ada..su

= h(n)<h*(n)
= h(n)=0

0 <h(n) <h*(n)
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.Mbwh*wpb%d& J-G S1e

2y ol dod o5 Lasl < (suboptimal) <y pj Gus S G2 wS 5,8 ©
8(G2)>h* e

el o 43l Ay dad Bn 0l b g d 0 AT as el @

Start

Dz N

@ G,
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f(G,) =g(G,) ,since h(G,) = 0

g(G,) > g(G) ,since G, is suboptimal
f(G) =g(G) ,since h(G) = 0
f(G,) > f(G) ,from above

* h(n)< h*(n) ,since h is admissible

* g(n) + h(n)< g(n) + h'(n)

« f(n) < f(G) J(G)<1(G2)

« Hence f(G,) > f(n), and A" will never select G, for expansion

T2 %k il
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h(n) < c(n,a,n’) + h(n') -
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Nedict f(n)=g(n) + h(n)

87
] lasi
N
N 032
Fagards
\ M vasiul
Rimnicu Vikea \
A Timiscara - \
142
111 211
- Luxo) Pitesti \
2 N \
Io 93
35 Hirsova
(] Mehadia 101 - Urziceni
3T !ll'_“ a5
= 138 Bucharest
Dobreta [ 120
» Q0
Cralova Eforie
4 Giurgiu
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1) The initial state

J66E=0+366

Arad jl goyd b Bucharest (sgatws
f(Arad) = g(Arad)+h(Arad)=0+366=366
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After expanding Arad @

383=140+253 H7=118+320 440=75+374

AiSas daclas S 5 5 51 S pa sl 1, (N) 9oy 501, Aradi
f(Sibiu)=c(Arad,Sibiu)+h(Sibiu)=140+253=393
f(Timisoara)=c(Arad,Timisoara)+h(Timisoara)=118+329=447
f(Zerind)=c(Arad,Zerind)+h(Zerind)=75+374=449

Eacal SIDIU g SLATSI (s yigs
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c) After expanding Sibi
[+ rexpa a u _ GEE&:"} B
__._—-___ e HHHH_ o _______———.___
e T R 447=118+320 440-75+374

____----""-- P 0 _""----_____

B46=280+4366 415=230+176 671=2014380 413=220+193

S0 daculans S 355 5 o ya 1 1, (N) 5008 501, Sibiu
f(Arad)=c(Sibiu,Arad)+h(Arad)=280+366=646
f(Fagaras)=c(Sibiu,Fagaras)+h(Fagaras)=239+179=415
f(Oradea)=c(Sibiu,Oradea)+h(Oradea)=291+380=671
f(Rimnicu Vilcea)=c(Sibiu,Rimnicu Vilcea)+ h(Rimnicu Vilcea)=220+192=413

el Rimnicu Vilcea g wlaasl (s yigs
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id) After expanding Rimnicu Viloea @
-
e s H47=118+329 440=75+374

E#E-EEIDHEE 415-239—#1?& ET‘I EEI'|+EED

-ﬂ-

53E=366+160 417=317+100 553=300+253

radiSs dacalas S 50 3 S 4 81 1, T(N) 900 s 501, Rimnicu Vilceal
f(Craiova)=c(Rimnicu Vilcea, Craiova)+h(Craiova)=360+160=526
f(Pitesti)=c(Rimnicu Vilcea, Pitesti)+h(Pitesti)=317+100=417
f(Sibiu)=c(Rimnicu Vilcea,Sibiu)+h(Sibiu)=300+253=553
) Fagaras ygd wladsl s yigs
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(e) After expanding Fagaras @

447=118+329 449=75+374

646=280+366 671 201+380

591=338+253 450=450+0 526=366+160 417=317+100 553=300+253

AiSis dacalans S 555 5 S 8 51 1, f(N) 500 s 501, Fagaras O
f(Sibiu)=c(Fagaras, Sibiu)+h(Sibiu)=338+253=591
f(Bucharest)=c(Fagaras,Bucharest)+h(Bucharest)=450+0=450

CadlPItest] ygd Glasal oy yigs
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(f) After expanding Pitesti & A.:md)

447=118+329 449=75+374
> - @ @
646=280+366 671=201+380
91-338+253 450—450+0 526-366+160 553.300+253

D D @S

418:418+0 615=455+160 607:414-!»193

fadiSus ducalas WS 50y 3 S o sl 1, F(N) gouys 501, Pitesti
f(Bucharest)=c(Pitesti,Bucharest)+h(Bucharest)=418+0=418

awdBucharest yed olasil o yigs
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e

RBFS

function RECURSIVE-BEST-FIRST-SEARCH( problem) returns a solution, or failure
RBFS( problem, MAKE-NODE(INITIAL-STATE[ problem]), 00)

function RBFS( problem. node. f_limit) returns a solution, or failure and a new f-cost limit
if GOAL-TEST[ problem](state) then return node
successors +— EXPAND(node, problem)
if successors is empty then return failure, oo
for each s in successors do
f1s] & max(g(s) + h(s), f{node])
repeat
best + the lowest f-value node in successors
if f[best| > f.limit then return failure, f[best]
alternative + the second-lowest f-value among successors
result, f[best] < RBFS( problem, best, min( f_limit, alternative ))
if result # failure then return result
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el

(a) After expanding Arad, Sibiv, Rimnicn Vilesa & 966
< mizoar) Czzind 3

447 Ha

TS =
546 415 526 d

Craiova CShiv 2
526 H7 553
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(b) After unwinding back to Sibiu
and expanding Fagaras m 66
b, . Cimizoa) CZerind 2

G Eod ooy @i

417

CSbis_D Bucharech

¥l 1 450
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lc) After switching back to Rimnicu Vilcs

- a.udlv.-:zt;uurLi.ugEPi:c:ﬂn ' 355

Lo, ‘m'
IR @),
546 S 450 26 -
CCrabva ) (Pitesti > Sbiv )
26 417 553

Iﬁmi raiova .-i'nricu Vicea
418 @"—"%5 B0T
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7 2 4
5 6
8 3 1
Start State

1 2
3 4 5
6 7 8

Goal State
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IDS = 3,644,035 nodes

A*(h1) = 227 nodes
A*(h2) nodes

IDS = 54,000,000,000
A*(h1) = 39,135 nodes
A*(h2) = nodes
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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 03 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 - 158.094 1.219 - 1.48 1.28
24 - 39.135 1.641 - 1.48 1.26

N2 s 13 esliznl U 550 ol ;56 5 A 5 IDS g smins 55 a8l lawy o 0 5 Kl
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