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Typical Al Application Areas

Machine learning Y alas
natural language processing - Ayl Gl agd g dallaa
understanding, generating, translating leian g land 5
Expert systems B_mal) alail)
vision - scene recognition, object zlaill 5 daliall e o pmill g dp gulald) 4y )
recognition, face recognition o g2 51l 5 LIS
speech recognition 2 e s jail)
planning Laydaisll

robotics G g g Wl ASal



uall elSAl) 5 el 5 £ laal

23l Ay ¢ grinall £1SA Jlaal i)l aglal) Slaall el Ll O
Ga.u.a]\ ;\Sﬂ\ @ u.u;\_d\ U.A

-l ) JM\AM‘.:JJ‘UL&‘\.A@_AL@JSJJ

Lihad) o325 Al 4 pal) A0V agd o ol glay Clac ) slale 1) L

Focus

)
Creatr'vf'lf)/ ee F/exf{;i/ftj




u.a.ua.\\ elSAl 3 elSAl 81..441\

éu.ﬂ‘ C'_al,.d.as gLy
(s _piall ¢ Laall 4 pand) el sl elli aal 58 oY) (Attention) oL -
¢ ilapaall Al 48 Jalad 5 sa0ms dege o 58 5L W rans 1) gledll T 8 L O

(Episodic Memory) : 4 all 3 S -
S CalaaI Jie A1Al 5yl Calaal Y aie aadis (]

(Continual Learning) : saiwal) aladl) ¥
ALl 48 yrall Glasd (53 Buaa alga alad e 5 adll Wl H3S (O

( Imagination and Planning) : ksbaill s Jual) -¢
i) A ) g pil) e ) 6 a8 das gy o 6l (O

( Inference) : &Lty -o
AR YY) JYA (e ALl 4 jaall (e baaa asalia ol e 4 8 g yma sl oY) O



A DOliaral) dallaa A sty oalall (KA

(gl due) e dan L -



Turing test &g JLudl

* The computer passes the “test of intelligence” if a
human, after posing some written questions, cannot
tell whether the responses were from a person or not.
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searching

* An agent needs to perform actions to get from its
current state to a goal.

gl ) Aial) adlla e JEDU @l ja) 2w ) JS 6l liag

* This process is called searching.
o) e Alaall o34 o

* Central in many Al systems:
* Theorem proving, game playing, navigation, scheduling,
etc.
o lihaa) o SA Aadail (e apaell 84S ja o
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Requirements for searching

1-Define the problem
AlCiial) e -

* Represent the search space by states
clal) Adac) ga daanl) glizad el o

* Define the actions the agent can perform and their cost

LeadlSi g S oll Lgm asly o)) OSan (Al Cilg) jaY) as o



Requirements for searching

2-Define a goal
Baa Jaa-Y

 What is the agent searching for?
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Requirements for searching

3-Define the solution

Jad) ca oY
* The goal itself?
CAdi Caagl) o

* The path (i.e. sequence of actions) to get to the goal?
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Formulating problems

* A well-defined problem has:
callaty 1A s JSG0 3 daae A o

 An initial state
) Alls

e A set of actions

* A goal test

gl J pagll sl
* A concept of cost
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State-space searching

Most problems in Al can be cast as searches on a state space
Aall elimd & Cany cililee Ll e Al 8 @O alara i) (Ko o
The space can be tree-shaped or graph-shaped
Ol S8 el 5 IG5 e elizadll oS o)) Sy o

 If a graph, need some way to keep track of where you have been, so as
to avoid loops

Clalal) il Gllh g el Cua e daliall Lo day jla ) dalay cild oolo 1Y)

The state space is often very, very large
lia S Alad sl & L llle o
We can minimize the size of the search space by careful choice of operators
Cilel yadl ) JUEAY) Gaob e Guinl) sliad aas Jli LiSay o
Exhaustive searches don't work—we need heuristics
YY) ) dalay il dad gaad W ALLAN Caal) Cllac o



State-space searching

Terminology

State Al
State Space Al clad
Goal A
Action ATy
Cost aal<il)
State Change Function Al es dlla

State-Space Search Al clad & Sl



Example
The Missionaries and Cannibals
Problem

(il a gad A1ST) i giall/cp piinall Al

* Three missionaries and three cannibals are on one
side of a river, along with a boat that can hold one or
two people.

Go aaly qils e a6l AT A, g phee B ax g e
DSV e Guadldl sy )8 5 ¢ gl



Example
The Missionaries and Cannibals
Problem

() a gl zusi) i giall/ el Al

 |f there are ever more cannibals than missionaries on
one side of the river, the cannibals will eat the
missionaries. (We call this a “dead” state.)
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Example
The Missionaries and Cannibals
Problem

(sl o sal :usi) O giall/ g el Al

* Find a way to get everyone to the other side, without
anyone getting eaten.



The Missionaries and Cannibals Problem
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+laialy Al
dacall ) olatsy o caany jei ddia e pdia gl GOy o pliae GO e

el
a8 rad Bl a8 s gy e

i 8 el dim gl e el e ppdasiall 2xe w3 ol s Y e
WM‘GJL°MJMUMM‘€)MMM\°& L;S‘\_iyﬂ\j;).q



The Missionaries and Cannibals Problem
States

e A state can be represented by the number of
missionaries and cannibals on each side of the river

(e ila S e M\eﬂgsij@,m\amuu\mﬁ.
)

* Initial state: / Om,0c (Al allalh)

* Goal state: / 3m,3c,canoe (<l Als)

* We assume that crossing the river is a simple procedure that
always works (so we don’t have to represent the canoe being
in the middle of the river)
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The Missionaries and Cannibals Problem
States

* However, this is redundant; we only need to
represent how many missionaries/cannibals are on
one side of the river
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* |nitial state:
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The Missionaries and Cannibals Problem
Operations(Acts)

* An operation takes us from one state to another
oAl (N Al e Ldaly (Alaall) o) 5aY)

* Here are five possible operations:
* Canoe takes 1 missionary across river (1m)

* Canoe takes 1 cannibal across river (1¢)

* Canoe takes 2 missionaries across river (2m)
* Canoe takes 2 cannibals across river (2¢)
* Canoe takes 1 missionary and 1 cannibal across river (1m1c)

* We don’t have to specify “west to east” or “east to west” because only
one of these will be possible at any given time
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LEFT BANK (gl ddall

RIGHT BANK _Aa PEWA]

M C BOAT M C BOAT
0 0 YES 3 3 NO
0 1 YES 3 2 NO
0 2 YES 3 1 NO
0 3 YES 3 0 NO
1 0 YES 2 3* NO
1 1 YES 2 2 NO
1 2* YES 2 1 NO
1 3* YES 2 0 NO
2 0 YES 1 3* NO
2 1 YES 1 2* NO
2 2 YES 1 1 NO
2 3* YES 1 0 NO
3 0 YES 0 3 NO
3 1 YES 0 2 NO
3 2 YES 0 1 NO
3 3 YES 0 0 NO
0 0 NO 3 3 YES
0 1 NO 3 2 YES
0 2 NO 3 1 YES
0 3 NO 3 0 YES
1 0 NO 2 3* YES
1 1 NO 2 2 YES
1 2* NO 2 1 YES
1 3* NO 2 0 YES
2 0 NO 1 3* YES
2 1 NO 1 2* YES
2 2 NO 1 1 YES
2 3* NO 1 0 YES
3 0 NO 0 3 YES
3 1 NO 0 2 YES
3 2 NO 0 i YES
3 3 NO 0 0 YES




LEFT BANK (g ymsll Adial) RIGHT BANK el dduall
s [ M C BOAT M C BOAT
0 0 YES* 3 3 NO
s1| 0 1 YES 3 2 NO
52 0 2 YES 3 1 NO
3| 0 3 YES 3 0 NO
s4 1 1 YES 2 2 NO
sh 2 2 YES 1 1 NO
3 0 YES* 0 3 NO
6| 3 1 YES 0 2 NO
Y 3 2 YES 0 1 NO
8| 3 3 YES 0 0 NO
9] 0 0 NO 3 3 YES
s10 0 1 NO 3 2 YES
s11 0 2 NO 3 1 YES
0 3 NO* 3 0 YES
s12 1 1 NO 2 2 YES
s13 2 2 NO 1 1 YES
s14| 3 0 NO 0 3 YES
s15 3 1 NO 0 2 YES
16| 3 2 NO 0 1 YES
3 3 NO* 0 0 YES
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PRI LEFTBANK ) 4ia)) | RIGHTBANK _ia) 4iial
Sapsa) Ty C | BOAT | M c BOAT
O3 | S8 3 3 YES 0 0 NO
o6 | 513 2 2 NO 1 1 YES
o5 | §7 3 2 YES 0 1 NO
o7 | S14 3 0 NO 0 3 YES
O4 | S6 3 1 YES 0 2 NO
08 | S12 1 1 NO 2 2 YES
O4 | S5 2 2 YES 1 1 NO
o7 | S11 0 2 NO 3 1 YES
05 | S3 0 3 YES 3 0 NO

o7 | S10 0 1 NO 3 2 YES
O5 | S2 0 2 YES 3 1 NO
G S9 0 0 NO 3 3 YES




State Space
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State Space
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State Space
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Example Consider a 4-puzzle problem, where in a 4-cell board there
are 3 cells filled with digits and 1 blank cell. The initial state of the game
represents a particular orientation of the digits in the cells and the final state
to be achieved is another orientation supplied to the game player. The
problem of the game 1s to reach from the given mmitial state to the goal (final)
state, if possible, with a mimimum of moves. Let the imtial and the final state
be as shown in figures (a) and (b) respectively.

2

(a) mitial state (b) final state

The initial and the final states of the Number Puzzle game,
where B denotes the blank space.



We now define two operations, blank-up (BU) / blank-down (BD) and
blank-left (BL) / blank-right (BR) [9], and the state-space (tree) for the

problem is presented below using these operators.

The algorithm for the above kind of problems is straightforward.

consists of three steps, described by steps 1, 2(a) and 2(b) below.
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Algorithm for solving state-space problems
Begin
1. state: = initial-state; existing-state:=state;
2. While state # final state do
Begin
a. Apply operations from the set {BL, BR, BU,
BD!} to each state so as to generate new-states;
b. Ifnew-states M the existing-states # @

Then do

Begin state := new-states — existing-states;
Existing-states := existing-states U {states}
End;
End while;

End.



BL BU

BLI BR BD ! %

(oal 1gnored old state



It is thus clear that the main trick in solving problems by the state-space

approach 1s to determine the sct of operators and to use 1t at appropriate states
of the problem.

Researchers in Al have segregated the Al problems from the non-Al
problems. Generally, problems, for which straightforward mathematical /
logical algorithms are not readily available and which can be solved by
intuitive approach only, are called Al problems.
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State Space Approach
(Alad) pliad dngia)

* Puzzle of towers of Hanoi with only 2 disks
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Initial state Goal state
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State Space Approach
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State Space Approach
(Alad) sliad dngia)
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Search Algorithm

Is the problem solver guaranteed to find a solution?
¢ Ja ) ey AEL s Ja o

Will the problem solver always terminate or can it become caughtin an
infinite loop?

iles ¥ dila (8 )0 o Syl Uil A5 s gt b o
When a solution is found, is it guaranteed to be optimal?
CULY 05K o saae s Jb ¢ da e il o Ladie

What is the complexity of the search process in terms of time usage?
Memory usage?

€5_SIA aladiu) S gl aladin) Cua e Cand) dglee aiad 20 L o
How can the interpreter most effectively reduce search complexity?
PAalladl) e a8 Sh Chnal) aad e JI6 () edall Sy S

How can an interpreter be designed to most effectively utilize a
representation language?

Cdladll e a8 Sl il Al aladiin (e Sy e aranal Sy CaS o



State Space Search

* Theory of the state space search is a tool for answering these
qguestions.

Al e e 4 sl o Al eliad 8 cuall 4y s

* A problem will be represented as a state space graph
Aall climd LS ASEQ) Jiad S o

* Using Eraph theory can analyze the structure and complexity of

bolth the problem and the search procedures that we employ to
solve it

G2 0 S iy Ay G5 Gl Ol ks s
7 eg\uju\g\ﬁ\j

e Graph consists of a set of nodes and a set of arcs or links
connectmg palrs of nodes

CJJ



State Space and Graph Theory

* |In state space model of problem solving, nodes of the graph represent as
discrete states in a Froblem-solving process such as the results of logical
inferences or the different configurations of a game board

Jie G Ja dalee 8 dliadia VIS lud) dse Jiad (A1) JaT A1) ;mcsﬂﬁ .
i Apall) da ol Aaliad) K 5l dgalaiall YY) il
 arcs of the graph represent transitions between states
VA e coYEn) i lall ) @l e
* transitions correspond to logical inferences or legal moves of a game
Tl (Aa pensall) 4 8} S jatl o dilaiall oYY CYESY) Jici o
* In expert systems, states describe knowledge of a problem instance at
some stage of a reasoning process
Llae (e o Aa pe die AKEQN (e da 8 A8 jaad)l WA Caai ¢ 5 ymall Aadaily) 3 o
-~ <Y \
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* the act of applying a rule is represented as an arc between states
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Why state space
representation?

* Any problem can be represented in the same form, formally
b Sy Sl iy Al gl Jia Sy @
* Any problem can be solved by finding the target state via state
transition, using the available operations — search problem |
Aty ¢ Alal) QUi e ddagid) Allall slag) IS e Ui 6f o Sy o
Il 1S ¢ Al cilblaall
* The results (i.e. the state transition process) can be
reused as knowledge.
43 praS (A Juml dlee ) il aladiul sale) (Say o
* Problem: the computation cost can be large |
16 528 0585 () Sy ol 4415 IS



Graph Theory

* Graph: a set of nodes and arcs that connect them
pand) Leana Leday 55 1) (al 8Y) 5 d8all (e Ao gana 1l o

* labeled graph: one or more descriptors(labels) attached to
each node

sase Sy 488 yall (lpanidll) liial o) (pa ST gl a5 20y ginall (Ll @
* directed graph: if arcs have an associated directionality
Lo yo olail Gul S (IS 13) 14 sal) () o



Graph Theory

* Path: a sequence of nodes through successive arcs

* rooted graph: there is a path from the root to all nodes
within the graph

Oladl dals aall ases (A 53l el 2 g0 0l Glad) e
* Tree: two nodes have at most one path between them

Legin Y e aaly jlue Legd (lidie 15 jai o



A labeled directed graph

e

L
R

Nodes = {a,b,c,d,e}
Arcs = {(a,b),(a,d),(b,c),(c,b),(c,d),(d,a),(d,e),(e,c),(e,d)}



A rooted tree, exemplifying family
relationships
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Definition Graph
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