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Artificial intelligence
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Fields of Artificial Intelligence

* Expert systems. 5_xall dalasYl

e vision systems.4u sl duail

Natural language processing. Akl Cilalll dallas
Distinguish sound systems < swall dadail e Ca il

Smart chip industry. 483l $8 )l dclia

Robots.

Vision systems

» Taking specific pictures, identify objects inside it them, then make
appropriate decisions.
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Natural language processing

* Interaction between computers and humans using natural
language.

* The goal is to read, understand and perceive human languages in
a valuable way.
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Distinguish sound systems

* How can the computer know speech or sounds and how to process
them.

Applications of artificial intelligence in life
e The environment 4wl
* Mines aalis
* Factories Jalxdll
* Space Science sbzadll o 5le
* Engineering dxuigdl &Y
* Economy Loyl
« Games Y
* Animations 3.l
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Four categories of Al behaviors

Thinking Humanly E> such as decision-making, problem solving.

Thinking Rationally | > perceive, reason, and act. Cayoaill g (Jiall 5 ol pay)
Acting Humanly | " make computers do things compare with human.
Acting Rationally | > Al .. .is concerned with intelligent behavior.



el o SAll ¢ gl

( Weak or Narrow Al)Ggsall sl 3gaaal) elibay) slSY) o
e Gl el ia sl esalal) 4315 Gl HLdlS dancal 55 520k alga alall
ASAN 3 3eaY) e 53 g sall ikl el i ¢ seall S 23S

(General Al ) :alal) slka) olSdlf o

a5 (sl Sall alin < 5 L 81 (e Jaaddll g el e 550l A9 Jas
Sk (w(Artificial Neural Network) Zclihal) uaall 401 Jie dfiay Sl o
Gl Sl A Lid A Auae Sl Hlas Uil ied ) caladl e lilaaY) £ISA Al 5o
.Lﬁ)—&:‘” euéj\ PEPEN

(Super Al) G slha) glsil) o
43 a5k Laa Jumdl JS aleally oLl alaiivny (s3l1 5 ¢ ) 6183 (5 gina (35 8 (s3I & il
tlgraaty o 0 Y ) Gailliaddl e aaedl & gill 135 (8 jaall 535 anadidl) L)
ASAY jlaal o S Gl i) 5 cdaghaall g caladl) e 5808

Lo oot Al il gl con  clilaal) (KA &) g
Reactive Machines sl <Y »

Dbl bl Cojlal) g Al <l i) e adeill e 508l ) g sl 1y
(OSas IS Juadly Lgad HaY Allall Gl e Jeliy sed iiliionall JlacY!

(Limited Memory) 33 g3aal) 3 SIAl  »

GRS Ay A5H1A1 3alal) alas Dla ¢33 gana A3ia ) 3yl AGL) o jladl) iy o 343
a5 gAYl ad) e 5l da ke g e AN bl 5 AN de
okl e 3alall A 3 gAY ULl e L e 5 e pull adY]
e Jaal sill 5 (alaiY) ae Jelilll (Theory of Mind) &l 4555
(Self-Awareness) (131 &1 ,ay)
Y sal (S Cuny ¢ e lilha¥) s 18H Ale el gray il Al cilad gl e
Yy el S (e 3183 ST Lelany () (S 2 ) dials jeliiay 33 o



e lilaay) 1S3l Ao il Jiall

Machine Learning
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Data Mining
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Logical Reasoning and Probabilistic Reasoning
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8 puzzle Problem /4= i) 5 _palaall

8 puzzle Problem

Given a 3x3 board with 8 tiles (every tile has one number from 1 to 8) and
one empty space.

The objective is to place the numbers on tiles to match final configuration
using the empty space. We can slide four adjacent (left, right, above and
below) tiles into the empty space.
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1 2 3
5| .
7] 8 | 4
Initial state A={(1,2,3),(5,6, ), (7,8,4)}
First move A={(1,2,3),(5, _,6),(7,8,4)} h=1 11 2 3
8
70 - | 4
Second move A={(1,2,3),(5,8,6), (7, _,4)} h=2
Third move A={(1,2,3),(5.8,6),( _,7.4)} h=3 112 |3
5 8
-l 7 | 4
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What are the main criteria to find the best solution ?
1- Time of solution Jal < 4
2- Cost 4l
3- Complicity of solution Jall dsa ) g3 2l
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successive moves can take us away from the goal rather than bringing
closer. The search of state space tree follows the leftmost path from the root
regardless of the initial state. An answer node may never be found in this
approach.
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1- Breadth First Search BFS

it is a vertex based technique for finding a shortest path in graph. It
uses a Queue data structure which follows first in first out. In BFS, one
vertex 1s selected at a time when it i1s visited and marked then its

adjacent are visited and stored in the queue.
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Output: A, B, C, D, E, F

Queue data structure
s, I =

2. Depth First Search DFS

It is a edge based technique. It uses the Stack data structure, performs

two stages, first visited vertices are pushed into stack and second if

there is no vertices then visited vertices are popped.
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https://www.geeksforgeeks.org/queue-data-structure/
https://www.geeksforgeeks.org/queue-data-structure/
https://www.geeksforgeeks.org/queue-data-structure/
http://www.geeksforgeeks.org/stack-data-structure/

m EX1: A
/ \
C
/ \
E
in out DFS Stack
1 [A] [ ] [ A ]
2 [B] [ ] [ A, B ]
3 [D] [ ] [ A, B, D ]
4 [ ] [D] [ A, B ]
5 [ ] [B] [ A ]
6 [C] [ ] [A, C ]
7 [E] [ ] [A, C ]
8 [ ] [E] [A, C ]
9 [F] [ ] [A, C ]

Ex3: solve the following 8 puzzle problem then apply BFS and DFS on

it. A:initial state and G: final or goal state.
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After find the tree of solution then give each state a symbol then we can apply the
search algorithms.

BFS:ABECDFG
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in out DFS Stack
1 | [A] [ ] [ A ]
2 | [B] [ ] [ A, B ]
3 | [C] [ ] [ A, B, C ]
4 [ ] [C] [ A, B ]
5 |[D] [ ] [ A, B, D ]
6 |[] [D] [A, B ]
7 |[1 [B] [A ]
8 |[E] [ ] [A, E ]
9 | [F] [ ] [A, E, F ]
10 | [ ] [F] [A, E ]
11 | [G] [ ] [A, E, G ]

https://www.youtube.com/watch?v=0uCr1g89J9c

3- Hill climbing algorithm

Hill climbing is a mathematical optimization algorithm, which
means its purpose is to find the best solution to a problem which
has a (large) number of possible solutions.

In the Travelling salesman problem, we have a salesman who
needs to visit a number of cities exactly once, after which he
returns to the first city. The distances between each pair of cities
are known, and we need to find the shortest route. As you can
imagine, there is (often) a large number of possible solutions
(routes) to a specific

Travelling salesman problem; the goal is to find the best (i.e. the

shortest) solution.
g, O3l G il oA Gl da ) 8 L Jie Juadl 5 A4S0 Clis e aaiad iy 46y )
cost. JAY) 4K 03 jlaal) luea

13


https://en.wikipedia.org/wiki/Travelling_salesman_problem
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Ex2: for the following tree find the cost of travelling from node A to
nod J using Hill liming search algorithm?

Start state A(100)
B(s2) Cis3) D(30)

"

I

K(20)

G(2s)

F(15)

J(8)
l(20)
Goal



Hill liming search algorithm

open close <Uaada
[ A(100) ] [ ] Start state (» Iad
[ D(30), B(32), C(33)] | [ A(100) ] Jai 5 A8 om0 L 53

(e g ALy Aad J8) &3 node
Al

[ G(25), H(32) ]

[ A(100), D(30) ]

[ F(15), K(20) ]

[ A(100), D(30), G(25]]

[i(8),1(10) ]

[ A(100), D(30) G(25), F(15)]

Stop

[ A(100), D(30) G(25), F(15),
j(10)]

Total Cost for the bath =100+30+25+15+10=180
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4l s transmission of properties u=ailasll J&i sl inheritance « &l slly e
eyl (SH Al b 431l duaa

Inheritance: categories serve to organize and simplify the knowledge
base through inheritance. If we say that all instances of the category
Food are edible, and if we assert that Fruit is a subclass of Food and
Apples is a subclass of Fruit, then we can infer that every apple is
edible. We say that the individual apples inherit the property of
their membership in the Food category. edibility, in this case from
e O Jst sl )5l DA (e A el 3208 Japuui g s e i) Jaad o
e132)) (e Bpe B A5 o AgSl o LaST 1) 5 ¢ JSOU dallia aladall 438 YA
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Oe Alal) o3 & ¢ JSOU AL dpala ¢y ol el of Jsts IS Al
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Heuristics 2giaY)

* When there is no clear solution to the problem and there are no
deterministic steps to find the solution.
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4-Uncompleted information or data 4lalsll & ity
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Recursive Transition Networks (RTNS)
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Augmented Transition Networks (ATNs)
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Expert Systems : Tree of solution
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What is Expert System?

* Expert System is an interactive and reliable computer-based
decision-making system which uses both facts and heuristics to
solve complex decision-making problems. It is considered at the
highest level of human intelligence and expertise. The purpose of
an expert system is to solve the most complex issues in a specific
domain.

Jal YY) g @ilaall (e JS padiun s i seSll e ading 4y 35 el )8 35 AU sa ;i) ol
Ja s Ll sl e (o padl 5 Al s ol eSO (e (5 sie ef o ey 3akaall )il ahia JSLE
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Knowledge
Non‘Expeﬁ -‘ .. AR RERERERERRRRRRRRRRRRRRRRERRRRRRERRERRRNRN] .a frﬂm an Expe,r-t
user : Expert System R \

Query . o e
q £ p— .

. ,;E Inference Knowledge E

- g Engine Base .
& % * .
Advice *

Examples of Expert Systems
8 ymal) alaill e Al e

* MYCIN: It was based on backward chaining and could identify various
bacteria that could cause acute infections. It could also recommend
drugs based on the patient's weight. It is one of the best Expert System
Example.

) Al Sl sasy o Sy nSal) Judil) e adiag ;) ke sl
3 oAl 9oy e dl lEall da gl Ui aiay bala clilgill st o (Say
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* DENDRAL: Expert system used for chemical analysis to predict molecular
structure.
el oS AL il LSl Jladll aadfoy s Bl

* PXDES: An Example of Expert System used to predict the degree and
type of lung cancer.

1 Ol s g sig da o sll andiun s alas

* CaDet: One of the best Expert System Example that can identify cancer
at early stages

Knowledge
Base
Knowledge e
Engineer '

Inference
Egine
User ~

(T
Interface e

(May not be an expert)
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Components of the Expert System

1. User Interface: it is the most important part of the Expert System
Software. it's an interface that helps the user communicate with the expert

system. ‘ ; i
llExpert System Software. zelin (A ¢ ja adl axdfiuall dgal y 2l

_)@1(,&3}1@@&\)3]1,\;;651““]1;;@&915

2. Inference Engine: is the brain of the expert system. It contains rules to
solve a specific problem. It refers the knowledge from the Knowledge Base.
It selects facts and rules to apply when trying to answer the user's query.
This is helpful for conclusions.
03y 48 paall Bacld e Ad paall ) puly 43 Aime AlSEe Jal 2ol @ o g iy pudll Uil Jie s
O A 138 andiiaall aBlain) o Aday) Al glas die Lgiadail ac) gall 5 (gileal)

3. Knowledge Base

: It stores all the knowledge about the problem domain. It is like a large
container of knowledge which is obtained from different experts of a

specific field.

Jyeanll ab 48 jzall (e 3508 4 gla e 48] AID Jlae Jon 48 paad) S (350
Onme o (8 pilide ) ud (e lgle
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Knowledge gain

‘Knowled -

== o | Expert

* it means how to get required domain knowledge by the expert system.
The process starts by extracting knowledge from a human expert,

converting the acquired knowledge into rules and injecting the
developed rules into the knowledge base.

el bl DA e Jloelly sl 48 paall e Jsmal) A4S iay 138
Gy del b ) AsSall 8 pmall JygaSg ¢ (g phy Hud (e Al ) A%ul Aleall
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High Efficiency

Why Expert
System

Regular updates improve the
' Eerfannan:e I
l. Considers all facts I
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The Genetic Algorithm

e Provide efficient, effective techniques for optimization and machine
learning applications

e Widely-used today in business, scientific and engineering circles.

Simple Genetic Algorithm
Population <lall S

3

Evaluate auil

Reproduction _AisS

Recombination S _ill 3als)

Offspring Jdll

Mutation 5kl

Simple Genetic Algorithm

{ initialize population; <tisll Jaall eL&d)
evaluate population; Ji awis

while Termination Criteria Not Satisfied

{Aaal ) e cliall slgdY) splaa

select parents for reproduction; Al

perform recombination and mutation;3_ikll y s il 3ale |

evaluate population; Jsall axss }

22



Components of a GA

A problem to solve, and ...

v’ Encoding technique  (gene, chromosome) e sl 4k

v Initialization procedure ((#3d) creation) il <iel )

v Evaluation function  (environment 4iy) axiil) J) g

v’ Selection of parents (reproductionz i) 3ale 1) cpall gl jLad)

v’ Genetic operators (mutation, recombination) 4l Cildeal)

v’ Parameter settings (practice and art)<_iall Clalas)

The GA Cycle of Reproduction

S,  child : LN
Kreproductlon ) et (modlﬁcatlon/_l

modified

children

:@Iaﬁon __\r' | evaluation

evaluated children
deleted

members

parents

—
| discard ]

_ population

- Chromosomes could be:

+ Bit strings (0101 ... 1100)
+ Real numbers (43.2-33.1...0.0 89.2)
+ Permutations of element (E11 E3 E7 ... E1 E15)
+ Lists of rules (R1 R2 R3 ... R22 R23)
+ Program elements (genetic programming)

... any data structure ...

»
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Reproduction

hild
(reproduction) R

parents

( population )

Parents are selected at random with selection
chances biased in relation to chromosome
evaluations.
laad e Jal Ga g asa s ae Jlsdie JS SLY) A o4
o350 5 )SI Cilapi add ClEdle

Chromosome Modification

children
- (modificationj

L-Imodiﬁed children

» Modifications are randomly triggered

o Operator types are: ) e oLl Jali 2y
Cladall g gl

+ Mutation

L 5 yilall
+ Crossover (recombination)

(S Al ale )z sl 53 o

Mutation: Local Modification
Before: (10 10 110

After: (011|001 10)
Before: (1.38 |-69.4 326.44 0.1)
After: (1.38 |-67.5 32644 0.1)

. Causes movement in the search space
(local or global) &l Jas 43S a
« Restore lost information to the population
Ol B2 saaal) Cila glaad) Balati




Crossover: Recombination

*

P (0101000) (01@01000) c1
P2 (11011010) 11411010) c2

Crossover is a critical feature of genetic
algorithms:

+ It greatly accelerates search early in
evolution of a population

+ It leads to effective combination of
schemata (subsolutions on different
chromosomes)

25



Evaluation

modified
evaluated children
children

'—( evaluation )

Deletion

( population )

discarded members

( disc;ard )

o Generational GA:entire populations replaced with
each iterationdasl Jaall Jlasial 2t ) <3 (I 8

o Steady-state GA Ll i agllaiud 2y cle ) (e L)
a few members replaced each generation

26
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Genetic Algorithms

Representation Jil Binary strings

Recombination z 5 N-point or uniform é2ss lls:
ol y g g

Mutation 3_skl Bitwise bit-flipping with fixed

probability i saaas ddads
Agllaial a9 Jalal)

Parent selectionczy ) Jidl | Fitness-Proportionate 43

4._\.;.41_‘1:1.@
Survivor selection ksl All children replace parents
Ol aal) daadl @ Guall gl IS Jladial
Specialtyuaass Emphasis on crossover
Jgdl Gl S

Genetic Algorithms

1. Select parents for the mating pool z.s/ il s et Jull o) 2oa
(size of mating pool = population size)

2. Shuffle the mating poolzs/ il 4S . LIi

3. For each consecutive pair apply crossover with probability
p. , otherwise copy parents

Crll gl e Vg ¢ Sorne Lullain/ pa abldS Guudai lite - 5 j JS

4. For each offspring apply mutation (bit-flip with probability

p., independently for each bit) Jeiz/ po o li) b b Gubi i JSI

(<o S Jiia JS 2230

5. Replace the whole population with the resulting offspring

G il HlSal) pras Jsis]
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Crossover g9l

Crossover combines inversion and
recombination:

Parent1
Parent2

Child1
Child2

Select parents & Mutation

*

*

3 5[7 2 16]4 8
25168 13 4
2 51722 1.4 3 4)
3 501 6 8 1l 4 8

2021222324 2021229324 2021222304 2021222324
13 | &= | 24 8 &= 19 |
01101 || 11000 || 01000 | 10011 |cs
I B ] ]
01100 11001 01011 10000 ||w=da
l Mutation
5 yaal)
01110 10001 01010 00000
Survivor selection
2021222324
01110 10001 01010 00000
[ B+4+2=14 | | 16+1=17 | I 8+2=10 [ o |
‘ Survivor selection ‘
10001 01010 SR




Probability <¥laaY)

) Jaall ciylaial 306 Glia

1. Select new population from old offspring
with new population.

Al KW xe andl Juall e daadl IS Al
1. Chose only from Survivor. bl (e ksé Laay)
2. Mix from all populations. Jus¥) gees G 7z

evaluate populationz=lll Jadl ands

G ghdll i sale) 5 8aasa g0 JOA (e i g Ul Jiall 8 il (520 3 jaa
el e AN i 0L

When we will stop the GA?

o) GA will stop when we get the result that satisfied
the criteria
. JaaY) cilllaie o i Ladie dpial) de ) sl i 5 1)
. e dis e Jsanll s Cargl IS i) JU) 8 Sl

Laic e ) ) sal) A5 (a8 gid 400 sie 2l ) a5l oY) e Lalat Calids alae )
(P11 Ham 1) oY) e Ll (o iy (o8 )l ey

29



Some GA Application Types 4xiadl 4 ) sad) ciliydas 5\333

Domain

Control

Design
Scheduling
Robotics

Machine Learning
Signal Processing
Game Playing

Combinatorial
Optimization

Application Types

gas pipeline, pole balancing, missile evasion, pursuit
semiconductor layout, aircraft design, keyboard
configuration, communication networks
manufacturing, facility scheduling, resource allocation
trajectory planning

designing neural networks, improving classification
algorithms, classifier systems

filter design

poker, checkers, prisoner’s dilemma

set covering, travelling salesman, routing, bin packing,
graph colouring and partitioning

Artificial Neural Network ANN

e Information processing paradigm inspired by biological nervous
systemsdia 5! gnll diaall e (e o gl il slaal) Aallas Z g

o ANN is composed of a system of neurons connected by

synapses

o inanll lilial Ao s Alaial) dpsaal) LAY (4o ol (he () &S5
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e Neuron Model
e Neuron collects signals from dendrites
o el G il LAY Apuand) LAY e

e Sends out the electrical activity through an axon, which splits
into thousands of branches.

3N YT ) iy sy« e jsna A (il 4l BLESY Gy

Neuron Model

7

Cell body

Nucleus

!

Axon

- )

Dendrites

el

¢ At end of each brand, a synapse converts activity into either
exciting or inhibiting activity of a dendrite at another neuron.

o dpac LI8 N Jihghadia o) b ) JaLdil) quanll Joay g 8 IS Algd B
A

¢ Neuron fires when exciting activity surpasses inhibitory activity

o Jafial) L&) il Jalidl) §glais Ladie divantl ULMAY) Jaids

e Learning changes the effectiveness of the synapses

o Cilalil) dllad yy alail)
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15 & 14 5 _paladll

Artificial Neural Network ANN

o Abstract neuron model:

Calaa il Cell body
Dendrites
-—* l
v  Threshold
-0 [P
$
el + Axon
Summation N I!J‘Pﬂu
ANN Forward Propagation
?Lﬁ'l ‘_,-“ Bty
=1 W W(2)
-1
Vil Yil) Vi2) Yi2)
x| ol.) b X ¢l }— 01
i X ®l.) b} @) 02
xp (I o) (2) ol.) 0
0 O

32




Neuron Model

- Bias Nodes
+ Add one node to each layer that has
constant output <ul z )3 Cild 3aal 5 3a8c 4Lz
« Forward propagationawy! (A sl
+ Calculate from input layer to output layer
C‘J;."'\w ngj.m‘;l JBJY'I ng.\.a.mu.au.m:uu.\s
¢ For each neuron: 4usac 402 (<

» Calculate weighted average of input Ja sl
Sl Al s
» Calculate activation functionds<all la caal

» Firing Rules:auwy s
> Threshold rules:dsizll x| 6
» Calculate weighted average of input s
» Fire if larger than threshold o« S G813 sl
aiall
» Perceptron rule:

» Calculate weighted average of input
» Output activation level is 1

%

o A =

g(v)y=<v 0
0

= (7Y
M|r—-

8 l
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ANN Forward Propagation

ala¥) Ly

o Example: ADALINE Neural Network

+ Calculates and of inputs

\
" W, ;=.6 s threshold function is
1 > 3 step function
_ P
(@)

Bias Node

Threshold=positive value

1 1 1 Yes

1 1 0 Yes
1 0 1 No
0 0 0 No or yes
0 1 1 No
0 1 0 Yes
1 0 1 No
1 0 0 Yes
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ANN Training
B Weights are determined by trainingd_aill (s 3aay o3l
[] Back-propagation:s!_ sl asiil)

B On given input, compare actual output to desired
output. <l iall aa d38a%) cila il ¢S cildasal) gA
4g gllaal)

B Adjust weights to output nodes..z | AY) it o) §¥) Jauia

B Work backwards through the various layers J«s!
daNsa cilddal) JMA (pe AL daa) ya

[ Start out with initial random weights 4 gde ad o |a)

B Best to keep weights close to zero (<<10) J«<ad¥! (s Laila
SAall e dy B o) gY) s
ANN Applications

. Pattern recognitionJiS&y! jaal

. Network attacks 4a&l) o asaa s

. Breast cancer_uall (s

. handwriting recognitionlisll juas

. Pattern completion:Lis!) 4lass
Fuzzy Logic

Fuzzy Logic is a method of reasoning that resembles human
reasoning.

o el LI A S 4Gy

The approach of FL imitates the way of decision making in humans
that involves all intermediate possibilities between digital values
YES and NO.
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all Cp Adas o) CLAAY) aan Gadall Al ) gl ) AN adua 48yl Sl
N g pad dad )

— Y Fuzzy Logic Idea
|5 it Cold? em— Boolean

| o

———— Yorylch/111

Is it Cold? » |iln/N%S llmil:
ey Yorylese/I

Example

* Fuzzy logic is a technique for representing
and manipulating uncertain information.
B! e e glall

How?

 In traditional logic, each fact, such as it will
rain tomorrow,' must be either true or false.
o Vs ar S ) e ™ el g e palil) gl

" uladl Mia Badaall 8 4y all) BENY g et e gl Jo lual) ghiall S
.ll " 'é " , " J-',,JH‘ " “‘T'w‘

daaly b gdpaly; s dadoddy sk o il J dad aad "dysh Ll o) " UG Y .
199......a4176 ,a175) a8 ds gana aia Jish iy (San Jash (g gl ad ) 22 oY
(s
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Main Features 4sbu! (ailadl)
1. Everything has a degree of belonging.

plaiil da yay (hay (0 S
2. Every logical system can be modeled.
gk O (Say ihaie allai JS
3. Translating knowledge into a set of variables.
Sl el (jede gena A mall das i e
4. The conclusion is presented as a logical
treatment under an expanded set of flexible

conditions.
(3 A ga A gene Cawa Agihaic Aallas a8l o ZUHWY) a2y
a3yl Jo g i)

ROBOTICS

* Arobot is a programmable mechanical device that can perform
tasks and interact with its environment, without the aid of
human interaction.

o ¢ Aliy aa Jeliill g algal) slal AdSay Ao pall B Sl Glga 2 Cigag )
() Je i) Cpa Baslwa (94

ROBOT components
* The components of a robot are:< g9 4 <l gSa
* the body/frame. J&¥|/auall
* control system. asadll sl
* manipulators,s_a¥ asds sl (adil)
* drivetrain. adall ol
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