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1. Introduction

Definition

Artificial Intelligence is the study of how to
make computers do things at which, at the

moment, people are better.



Intelligent behavior

e Learn or understand from experience

 Make sense out of ambiguous or contradictory messages

e Respond quickly and successfully to a new situation

e Use reason in solving problems and directing conduct
effectively

e Deal with perplexing situations

e Understand and infer in ordinary, rational ways

e Apply knowledge to manipulate the environment

e Acquire and apply knowledge

e Think and reason



Turing Test
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Turing Test (cont.)
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Applications of Al

e Natural Language Processing

* Intelligent Retrival from Databases
e Expert Systems

e Theorem Proving

e Robotics

e Automatic Programming

e Scheduling Problems

e Perception Problems



Definitions of Al

e The goal of work in Al is to build machines that performs
tasks normally requiring human intelligence

e Research scienctists in Al try to get machines to exhibit
behavior that we call intelligent behavior when we observe
it in human beings

e The capability of a device to perform functions that are
normally associated with human intelligence, such as
reasoning, learning and self-improvement.

e Al is the science of making machines do things that would

required intelligence if done by men



Definitions of Al (cont.)

e The field commonly called Al may, perhaps, be described as
the totality of attempts to make and understand machines that
are able to perform tasks that, until recently, only human
beings could perform and to perform them with effectiveness
and speed comparable to a human

e Al is defined generally as the attempt to construct mechanisms

that perform tasks requiring intelligence when performed by

humans



2. Problems, Problem Spaces and Search
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2.1 YanuileywnlugiuasState Space Search
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State Space Search
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State Space Search (cont.)
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State Space Search (cont.)
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2.2 Search Techniques in Al

Exhausive Search
Blind Search Breadth-First Search
Partial Search
Depth-First Search
Search
Best-First Search
Heuristic Search

Hill-Climbing Search

Simulated Annealing

15



Block World Problem
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1. block X 145 block @u3il -> 219 X Uulse

2. block X waz Y Tufl block AUty -> 219 X U Y



BFS of Block World Problem
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Breadth-First Search

Algorithm Breath-First Search
1. NODE-LIST := {initial state}
2. UNTIL AUNL goal state 1158 NODE-LIST 2149 DO

2.1 medNEnmaugn(lidadn E)aanain NODE-LIST
2.2 FOR EACH operator ‘ﬁ match nu E DO
2.2.1 14 operator s state Tuiad
2.2.2 IF state TusitElu goal state THEN quit WazAUAN state 4

ELSE Wi state LiniLanAvnaaas NODE-LIST



DFS of Block World Problem
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Depth-First Search

Algorithm Depth-First Search

1. IF initial state=goal state THEN quit LAZAWAT SUCCESS
ELSE UNTIL success 54 failure DO
1.1 #4149 successor (lidaqn E) 249 initial state
<l\,mloperator
IF 1348 successor THEN AwAA failure
1.2 158N Depth-First Search Taalii E 11l initial state
1.3 IF AN15AUANURY success THEN AUAI success
ELSE vindqilil
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Comparison Between BFS and DFS
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Comparison Between BFS and DFS (Cont.)
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Heuristic Search
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Examples of Heuristic Functions
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Examples of Heuristic Functions
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Examples of Heuristic Functions
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Hill Climbing



An Example of Hill Climbing
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Hill Climbing

Algorithm Simple Hill Climbing

1. Evaluate initial state
IF initial state=goal state THEN AUAN initial state WAz quit
ELSE current state := initial state
2. UNTIL Wugoal state w32 1u#i operator #1bdiilagu current state 1 DO
2.1 1a@n operator ﬁé’a"lai‘lﬁli’ﬁu current state Lﬁ’ﬂnam new state
2.2 Evaluate new state
IF new state=goal state THEN AUAT new state WAZ quit
ELSE IF AN heuristic U84 new state AN91
THEN current state := new state

ELSE IF A1 heuristic UR4 new state L{ANI1 THEN #1618
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Simulated Annealing
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Simulated Annealing
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Simulated Annealing

Algorithm Simulated Annealing

1. Evaluate initial state
IF initial state=goal state THEN AUAN initial state WAz quit
ELSE current state := initial state
2. BEST-SO-FAR := current state
3. T := constant
4. UNTIL WuAsay vaa Tusl operator ldiilasau current state 'l DO

4.1 L@an operator nealulaldnu current state LNRNAR new state

4.2 Evaluate new state
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Simulated Annealing

dE := (Aheuristicu@dcurrent state)- (AMheuristicuadnew state)
IF new state=goal state THEN AUAN new state UWAY quit
ELSE IF @1 heuristic 449 new state ANA1UAY current state
THEN current state := new state;
IF A" heuristic 124 new state AN91Ua3 BEST-SO-FAR
THEN BEST-SO-FAR := new state
ELSE 19 current state AA1L3U new state AaaiANUNazLlyY
WINNw p
IF p 4ANNINN21IAT random(09141)
THEN current state := new state
4.3 waguan T mnanus iy

5. AUA1 BEST-SO-FAR 1ilumau _



Best-First Search
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Best-First Search

Algorithm Best-First Search
1. OPEN := {initial state}

2. UNTIL WU goal state 58 b state Luaaagle OPEN DO
2.1 4 state NAA" heuristic ANgARANAIN OPEN uazlwdadn X
2.2 IF (X=goal state) THEN AuA1 X 1luAinay
2.3 /5149 successors U4 state ‘Iiju
2.4 FOR EACH successor DO
2.4.1 IF successor sialaitpsnnasnelunas THEN

v

LAN successor L& L1 OPEN Lazan parent state 19

9/
1l 1 =\

2.4.2 |F successor Lﬂﬂgﬂﬂé‘/ﬁﬂﬁuu’nlﬁqLLﬂzpathalMuuﬂﬂ’NLﬂu

THEN Lﬂgﬂu parent state LLAL update cost Tua



Best-First Search

» Best-First Search ¥1N91uARANU hill-climbing lagNaawLAnA19AD
-luns@iuaq hil-climbing aslaan state NANaALasLAUlInY
Tnadi states A iignas19a7n parent state iR Uaznall
welunsaiuag Best-First Search axLA1l states a1y Liveld
Tuaunan e path Maulillaidivin states lwani
— Hill-climbing qzuqmﬁﬂ successors HATLNALN current state
welunsaiuag Best-First Search state NAAT heuristic ﬁﬁqm‘lu
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A* Algorithm

» Best-First Search 11l algorithm aginsdneuadalgorithm A*
o Tuvnatlayusauenheuristic function(® - (HuNsAdulnalss
unaad f dadluneiduasenlid)uas state s lnqaaniiiy
2 d9UAD
f(s) = g(s) + h'(s)
Thadl g AaranduiiAnuans cost ann initial state B4 current state
h' ﬁﬂ‘W\'iﬁ"fi"uﬁﬂﬁ‘zu’]m(estimate)cost Q1N current state 014
goal state
f aﬁtﬂuﬁx‘iﬁﬁbuﬁﬂﬁzu’]m cost Q1N initial state ﬁﬁgoal state
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A* Algorithm

AALAUADIA*AUANEINANBest-First Search
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A* Algorithm

1% (1 . ) T ooy I
e D1 h' 11l under-estimating function AA4 h(WINFUNAUAT cost
Q1N current state 714 goal state %ﬂﬁi’lﬁﬁuﬁugﬂﬁﬂﬂmu'ﬂ)

1511sznulaqn path ftAann A*1uLilu optimal path

A,
Bi(3+1) iCi(4+1) D} (5+1)
ff.ésw)

h' underestimates h
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A* Algorithm

A
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Means-Ends Analysis

. (1 a v P Q
e Means-ends analysis tHutmadalunsunduuinuunity dwamn

BN997N state-space search AFINITLAAN path AdtUNATaRINTEAE
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A

* AUYAFIUVRIITUAD
- @rN1TaUeNAMNLANANG(difference)TE11914 current state NU
goal state
~ ®IN1TOULN operators ANUTZLANUTRIAMNUANFAISTES operators
wanianunsainlianasvisavnalil
o LHANLAYNLANFAIITEING current state NU goal state Waa operator

NAINITORAAMNULANFANNALYNLADN
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Means-Ends Analysis

- lunsaiflaigunsnld operator lalaainss azma subproblem luiad
1’7‘imm'sn°l°fi’ operator ‘ﬁ

-TﬂaunsuwNAlﬁH’ means-ends analysis MILSNAA General
Problem Solver(GPS)

» Means-ends analysis Azl AR rules NaziUA8Y state Wi
14 state Tusinazdlaseasredayanizanda difference table

» Operatorisznaumas
— precondition : L’faiau"lmﬁqﬂ% operator
~ result : @81 state lusiniazulidanniAnuasainld operator

» Difference table THN1U1UA operator NAINITARAAMNLANAIN LUN
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Means-Ends Analysis (Example)

RAREN M :

0 ‘vjuﬂuﬁ(robot)r?’fmn'\ﬁl,ﬂﬁaué’ﬂﬂiﬁ’z:(desk)ﬁﬁf?iwm 2@t19a8]
drauuanniaanilslilBnaanils uarAsramszsasgnsrellsos

e Operator WLag difference table it LLﬂﬂﬂugﬂMﬁﬂﬁﬂlﬂ

e AMHLANAIINAIATTZUING start state WAz goal state ABRAILIAUA
aaslfe dearaanlalag PUSH waa CARRY

e DLAAN CARRY, azLNA subgoals Aa at(robot,desk) O small(desk)
6:I'ix'lsubgoal at(robot, desk)¥indt5alaeWALK

1 1 o v o [~ U
whsubgoal small(desk) lugIxN1saNlUgIL5aLA
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ﬁ')’ﬂEi’NOperatorsdluMeans-Ends Analysis

Opertor
PUSH(obj,loc)

CARRY (obj,loc)

WALK(loc)
PICKUP(obj)
PUTDOWN(obj)
PLACE(obj1,0bj2)

Precondition
at(robot,obj) O
large(obj) O
clear(obj) O
armempty
at(robot,obj) [
small(obj)
none
at(robot,obj)
holding(obj)
at(robot,obj2) [
holding(obj1)

Results
at(obj,loc) O
at(robot,loc)

at(obj,loc) [
at(robot,loc)
at(robot,loc)
holding(obj)

- holding(obj)
on(obj1,0bj2)



n1ag19Ua9Difference Table

Push| Carry| Walk | Pickup| Putdown | Place

* *

Move object

Move robot

Clear object

Get object on object

Get arm empty

Be holding object




Means-Ends Analysis (Example)

e MNNISLAANPUSH AMNLANFINSZIAINYANUB LazCNuUDAzAag

annanlunnaly
A |B C|3 D
Push |
Start Goal

o luaUIU preconditions 4I;IJ’J°II@QPUSH‘I:!’$‘N at(robot,desk) LLaL
clear(desk) az1ilu subgoals fabil

e at(robot,desk) ind1L5alalag WALK

» clear(desk) ¥indgalatag PICKUP,PUTDOWN,PICKUP,PUTDOWN
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Means-Ends Analysis (Example)

o uwazld PLACE iWasgna®euag @93 preconditions Aa
at(robot,desk) [ holding(thing1)

NAAUANMNLANFINTENTN C has E azAasgninansa bil

A B C E D

i WalkiPick upi Put down iPick up iPut downi Pushi W

Start Goal

e ANNLLANFNNTENINN C NU E drN15an1anlasbd WALK, PICKUP
LAz CARRY



Means-Ends Analysis (Algorithm)

Algorithm : MEA(CURRENT,GOAL)

1. IF CURRENT=GOAL THEN return success
2. IF CURRENT wsmns19a1n GOAL THEN
Laanmmumnﬁiwﬁﬁﬂﬁfyﬁqmm::ﬁ'ﬁmmwumnﬁiwﬁgﬂﬂﬂ
UNTIL success or failure DO
2.1 \@an operator O Nfislulaaasuazansaldannu
wansneiila arluTlwAwAN failure
2.2 lef O NU CURRENT Taaid514 descriptions U249 2 states
O-START : state 17i preconditions U424 O satisfy
O-RESULT : state Niaziinanld O ngzvindiu O-START
2.3 IF (FIRST-PART <-- MEA(CURRENT,O-START)) and
(LAST-PART <-- MEA(O-RESULT,GOAL)) success
THEN AKAT WaTUad concat FIRST-PART,O waz LAST-PART

48



