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Full Definition of INTELLIGENCE

1

a(1): the ability to learn or understand or to deal with new or trying situations : reason; a/so: the
skilled use of reason (2): the ability to apply knowledge to manipulate one's environment or to
think abstractly as measured by objective criteria (as tests)

b Christian Science: the basic eternal quality of divine Mind

c: mental acuteness : shrewdness

: anintelligent entity; especially: angel
: intelligent minds or mind <cosmic /intelligence>

wou N

: the act of understanding : comprehension

4

a: information, news

b: information concerning an enemy or possible enemy or an area; a/so: an agency engaged in
obtaining such information

5

: the ability to perform computer functions

http://www.merriam-webster.com/dictionary/intelligence
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made by man
(opposite of natural)

artifex
LATIN

crafisman, artist
(genitive artificis)

|

ars + facere
LATIN LATIN

art to make, do

———» artificium — artificialis —— artificiel

LATIN OLD FRENCH
of or belonging to art 14ec.

|

artificial
MID. ENGLISH
late 14c.

http://www.etymonline.com/index.php?term=artificial
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Full Definition of ARTIFICIAL

1

: humanly contrived often on a natural model : man-made <an artificiallimb> <artificial diamonds>
2

a: having existence in legal, economic, or political theory

b: caused or produced by a human and especially social or political agency <an artificial price
advantage> <artificialbarriers of discrimination — R. C. Weaver>

3
obsolete : artful, cunning
4

a: lacking in natural or spontaneous quality <an artificia/ smile> <an artificial excitement>

b: imitation, sham <artificialflavor>

5

: based on differential morphological characters not necessarily indicative of natural relationships
<an artificial key for plant identification>

http://www.merriam-webster.com/dictionary/artificial
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Stuart Russell and Peter Norvig,
Artificial Intelligence: A Modern Approach,
3rd Edition, Prentice Hall, 2010.
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Thinking Humanly

“The exciting new effort to make comput-
ers think ... machines with minds, in the
full and literal sense.” (Haugeland, 1985)

“[The automation of] activities that we
associate with human thinking, activities
such as decision-making, problem solv-
ing, learning . ..” (Bellman, 1978)

Thinking Rationally

“The study of mental faculties through the
use of computational models.”
(Charniak and McDermott, 1985)

“The study of the computations that make
it possible to perceive, reason, and act.”
(Winston, 1992)

Acting Humanly

“The art of creating machines that per-
form functions that require intelligence
when performed by people.” (Kurzweil,
1990)

“The study of how to make computers do
things at which, at the moment, people are
better.” (Rich and Knight, 1991)

Acting Rationally

“Computational Intelligence is the study

of the design of intelligent agents.” (Poole
et al., 1998)

“Al ...1s concerned with intelligent be-
havior in artifacts.” (Nilsson, 1998)

Figure 1.1

Some definitions of artificial intelligence, organized into four categories.
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Turing (1950) “Computing machinery and intelligence™:
4 “Can machines think?” — “Can machines behave intelligently?”
4 Operational test for intelligent behavior: THE IMITATION GAME
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Require Captcha

Security Check
Please enter the text below

Can't read the text above?
Try another text or an audio CAPTCHA

Text in the box:
]r6hoqu| I
What's this?

By proceeding, you agree to the Facebook Platform policies

A CAPTCHA (an acronym for "Completely Automated Public Turing test to tell
Computers and Humans Apart") is a type of challenge-response test used in
computing to determine whether or not the user is human.




(s 91D (98 B y23 slaa S5 9

Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

P

G S8 [ (Sl giledaer s S5, (V)

Thought

The Cognitive Modeling The “Law of Thought”
2
Approach 6@ Approach
%
$
%
zo%
Human > Rationality
7, 3
OQ. Q‘b’\
% &

%, &

The Turing Test
Approach

The Rational Agent
Approach




Y

S50 u 9a B a0 o (Sl (g jldaer 3 S5 9, (V)

Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

P
’U};(Pb/

R

?dls‘;a JSS ﬁgﬂe Oy Lewss!

A3 9 e Aals glacallad o) 5o s gale (slag, 55

Yoo onk omb el

S9580908% slaoals aulinns olulids | (Sldl g0 g LIS 5 (9031 § (it

S0 Cliac! 5 gle S0 psle

Cognitive Neuroscience Cognitive Science
circuit ylas ;g )55 rlas knowledge o3Wls : 153 s
Hhe 5l g g a3 5l 5

\ 4

sPaelS el 4 4okl s




Y

Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

P

g0 gD
(s 91D (98 B y23 slaa S5 9
s,y 5SS [ OSE (il 580 0 S50 (V)
Thought
The Cognitive Modeling The “Law of Thought”
Approach » Approach
&
Q@r
Human <€ Rationality
e, S
% &
%, ®
The Turing Test The Rational Agent
Approach Approach
\4
Action




Aristotle (384-322 B.C.)

e




YY

5 o 98 iy (S (il 980 4S5 9, (1)

Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

P
)U}%b/

JU s, SE5

el Y il T 55 1y S |

dialie JBaLu 5l ola I (syllogism) sy g (yulss |

s 9l Blala
S =
(29355 0 5) 2L Blade

J‘S.é‘ GlJA:L“"‘ ..\.C.‘J:Q 9 (5J|A§JLA:§

et

S5 50 (i ga a1, Bl Siiu




Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

<
’M’;ﬁb/

Yo

55 (50 90ds AT

@QM\JF\ﬁwﬁoaﬁjﬁGua&sﬁ.
The thoughts that I could have
(logical or otherwise)

‘a_d'al.n Galy .A:J_\u.a «< QJ)SJS GLAQJ:\JL
The thoughts that I should have

D




\iid

(s 91D (98 B y23 slaa S5 9

Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

P

JU sy S /(B gans sladaler s Ss95 (V)

Thought
A
The Cognitive Modeling The “Law of Thought”
Approach » ?3, Approach
& “,
o %
%
zo%
Human <€ Rationality
v1
("Qé
‘s,
2,
The Turing Test The Rational Agent
Approach Approach

Action



Yv

SJole

AGENT

Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

P

:Jole
s euuss

(S o G € (5 3m2)

(Jgome S iomels (saclps Jilio p3) (5 gmels’ Glaole (sraasuin

9 ol

create and
pursue goals

adapt to
change

o J‘Jalw|
3 oo

persist over a
prolonged time

o.SJd
aas

-~

perceive the
environment

AJS.I.u.
JEaeu

operate
autonomously




YA

JL gy Jole

RATIONAL AGENT

Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

-
’”’;ﬁb/

(53 IS (s83S) JLKQ:\MJ Jole

Oliabl e Ll

oS plal
JHEES 95 90 ey o g2 Lo

el ol 2

LIS e
2053 (3 4 s




Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

P
JU},‘(}Z/

YA

S L JU gy LSy s

JUsae, LB,
Rational




Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

=
e .

R

Sk LS ) L JU gy LS ) s

JUsae, LB,
Rational




Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

<
’M’;ﬁb/

AR

St LS 5 b Sl LIS ) g JUb gaeay LSy Sy

JU s, LBS,
Rational

ke B8,

Logical



Y

JL gy Jole

Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

-
)U};ﬁb/

JBsas, Jole
Rational Agent

2y o0 pladl) (JuiS g WIS o0 S gudS Jauga e i el

U sladele (oalsl 1 o6 grims (i gh £ 55 90



Yy TG0 shigD

ﬁyquGMJaskfﬁdgisxu

Perfect E%ai/%&nality
G:sLu.Q 5433.1& rny)
Calculative Rationality
_‘cé‘: Bounded Rationality
OIS (seiallasiy
% Bounded Optimality

P



[t HINLE

Y LyQJd

S 9ae ph g slabu 53

The Foundations of Artificial Intelligence

3 58 ‘A.B‘S
):J.:*-?‘“LSJLBJ"@'““\;G"’°M‘J
O‘Jﬂz‘ LAY

http://courses.fouladi.ir/ai






Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

vF

S
-

PR LR WAL LR
-~ I -
Philosophy
gl abals
Linguistics Mathematics
§ds .

e R sLas)
Contl and S San LB g Economics
Cybernetics

(i he
P sels glac
Computer Eng. Neuroscience

bl gy
Psychology



Prepared by Kazim Fouladi | Spring 2017 | 3¢ Edition

(Logic) ke

CJ‘)Sbdulm‘J..Ih.A@mc‘@‘s‘xGJJﬂA&k};:)‘&‘}:w‘:J.

(Mind and Brain) jie g o4l

J

Saalro o (Suimd e Ko 5l (Sodad e Al G S5 0

(Knowledge) oLl

J

QA:\TU.A L.AS :)| U‘-‘L.'L‘ L4

~N

(Knowledge and Action) uis § Uil

J

8 g oo e GRS 4 Lls G Ks @




YA

duald 1 o grce 9o lalia )

e gl A%l (515 (5 ael 58 5 suliiul GlSal z duald J 9ol yau

(3hie) 083 JUsuu; s 5 oSla (il 58

(oot slag 5o ) (SlKa alSiun b Y wiwl

ose Sliwlas suilaa JYuiwl

«U.C.J.LA.A Q‘J:\A» (5@._\_.3‘

dalas fudle GaiwaAl calu

JJJML;@IA.AMLAQALA

393 axdlie 595 olilae 5l (SOl sy ma b

Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

P
)U%PK

384-322 B.c.

d. 1315

1588-1679

1452-1519

1592-1635

1623-1662

1646-1716

EBY

Aristotle

JY Osen

Ramon Lull

owla pule 53
Thomas Hobbes

ol sl

Leonardo Da Vinci

ol e—‘-é—‘:’&
Wilhelm Schickard

JEul 5h

Blaise Pascal

S alel g o 8K
Gottfried Wilhelm Leibniz



¥4

TG gD
:(Rationalism) sl g oLlSs G

Olea o (550 J¥ il o508 bl 1596-1650

S8 e S Ol e 4 e GRS A
ol 5 (sule) Sie sulas :( Dualism) awsl) g
S Blas ol cabs 5z A oS Glasl ad 5 i
ol (S ol 53
:(Monoism) awusi g5 9o — (Materialism) awsslls yilo

(5 e (1S 1y il € (S350 (383 (ot 436 5ly)

Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

P
’U};(Pb/

Rene Descartes




Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

P
)U%PK

TG gD
duald 1 o grce 9o lalia )
:(Empiricism) prsscas el 1561-1626 WS ) 48
wrlEitd Francis Bacon
. Y ok
255 gm0 13 ST o S50 B 3 gt sl Sms || 1632-1704 h\j "
John Locke
:(/nduction) | g o 1711-1776 PO A 530
LT malie g (501088 (Sl g ulial 53 (o gae (il o8 28 David Hume
1889-1951  (plidiSis g & gus)
EeE g Ludwig Wittgenstein
:(Logical Positivism) Jkis o) Sl oy 5Ss [l
bsise pa 4 ie slag 655 Gaob 5 83l e (LIS (s4an 1872-1970 el w55
Looblte o€ sy glonalie o Man 4 culgs Hu g 835 Bertrand Russell
et s L0 1891-1970 LL, K Galal
.(Confirmation Theory) suU (s , ¢ iy sty
Sl s 4 4523 5 3l 55 e G sSa (Ul 1 Gl 1905-1997 Joea L8
Carl Hempel



¥\

duald 1 o grce 9o lalia )

S 613 glm JLa (5 S el S5 s

OIS T 5 Juala a3l g bl oylee Blie JLiaSh 3u sk 51 La 23S

384-322 B.C.

098 oS S DA 5550 3 S paanal (51 (oS sund 5o
22 Laolsasa s Bua S G Gasus s GRS Gpnia S gl 1612-1694
JJ‘J:AJJ_AJJ.\A‘L:#JA‘S&J;MJL;“HLS_:‘S

: 5384 g — (Utilitarianism) sl il g

Sl slacullas (saan 5o JB gau s (5 S psacal 1806-1873

Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

P
)U%PK

N,

Aristotle

o 55,7 50T

Antoine Arnauld

sl ] e
John Stuart Mill



Prepared by Kazim Fouladi | Spring 2017 | 3¢ Edition

e -

SO SVl

083 JU sy Gl s SUa ol 58 (e

}

ESeoud ad
U_JLJJ (5‘,[53.«44.3 ‘sb.:

}

LoaS g o

}

u—;l‘)SdJ.m
OB 4 (Ul JoasS (615 JU sy s S paesal Hlans




Prepared by Kazim Fouladi | Spring 2017 | 3¢ Edition

(Logic) ke

~
J

?wﬁ)maucl)ml&lyGJw_\slﬁ'

Slawlas g4,k :(Computability) s jaidawlas

~

J

«¥lia) ;(Uncertain Information) ¢rekhal ciledi)

~

J

€S UVl ekl Sl MBI b ol 5 e €50 ®




Prepared by Kazim Fouladi | Spring 2017 | 3¢ Edition

Ahaﬁl:i:& m‘*ﬁiimmm

( N\
9 g Hu S ASlan

|\ J
95 s Sle 0 g B0 S (et Wb G Ss @

4 2\
01 05 s ol

(. J
il el s alS e ol 5o Sua € (A8 ula bl K b G S5 @

( )
oul jd 3 gu

(. J

SuS Jae b 4 Sa Wl s oo 4 cowa 5 90 (8T 53 3 g 389 @




wlas| i : v Lol 4

[ Sleds a3l 9 J.u]

S so 5l 1y ole Ml Hae 3 Ko @

Prepared by Kazim Fouladi | Spring 2017 | 3¢ Edition



Prepared by Kazim Fouladi | Spring 2017 | 3 Edition

A4

gmlﬁhzgcglnoubﬁguuex‘}

-
)U};ﬁb/

Sl Jie su <LK slacaals

Emations Language Smell Taste Sight
Yelling at scevice penple MNicknames New dills Shoet distance
Holding grudges Smooth ralk Old dills Leng diszance
Curringin line Funs ! Parchouli - Cunnin Pretending not tu
Inappropriate laughter Making introduetions Submays - Flour se somean
Fesriof hasisig foad R ‘I_k Seopribed Nt Winking
in your teeth Thank-yen lesters A smake ) Bortled vater
Faar uftlfings.egnin 1 ‘ i Saloing to taste g
2 bathing suit \ X " :
Fezr of public restrooms : x i Cagnitive Behavier
Balloons Making correct change
Desize to be taller —— e Separating laundry
Dtesire [oe a window ; / Chansing the quickest lin
e :‘i//’ At dsmpiun!k&l

Pesire e be someone else
+ Selecting nice fruit

Table manmers
—— - Deciding whether to
weara hat
Ability to spot cosmetic
surgery
Muscular Mavemant
Trucking
Avaiding etting splashed
Farzllel parking
Seaying in your lane Hearing
Eating soup - Rartling
Squatting ~ Buzzing
Slewe daneing Clanging
Vacuwming ———— Teople ralking during
Forehand HOies
Backhand People sayeng things
Serve &) abour you
Tenathty kick : Feedbuck
7-10 splic : % Memery - Chewing nolses
Triple lutz Reys Voiees”
e Glasses
Bitignalizing X Serring the VOR
Chsessing Birthdays
Conundrams Trivia
A number between E Things that never
1and 10 happened

None of this is as easy as it looks ...




Axonal arborization

N

Axon from another cell

\

Synapse

Dendrite Axon

Nucleus

\/

Synapses

Cell body or Soma

Figure 1.2 The parts of a nerve cell or neuron. Each neuron consists of a cell body,
or soma, that contains a cell nucleus. Branching out from the cell body are a number of
fibers called dendrites and a single long fiber called the axon. The axon stretches out for a
long distance, much longer than the scale in this diagram indicates. Typically, an axon is
I cm long (100 times the diameter of the cell body), but can reach up to 1 meter. A neuron
makes connections with 10 to 100,000 other neurons at junctions called synapses. Signals are
propagated from neuron to neuron by a complicated electrochemical reaction. The signals
control brain activity in the short term and also enable long-term changes in the connectivity
of neurons. These mechanisms are thought to form the basis for learning in the brain. Most
information processing goes on in the cerebral cortex, the outer layer of the brain. The basic
organizational unit appears to be a column of tissue about (0.5 mm in diameter, containing

about 20,000 neurons and extending the full depth of the cortex about 4 mm in humans).




Supercomputer

Personal Computer

Human Brain

Computational units
Storage units

Cycle time
Operations/sec
Memory updates/sec

10* CPUs, 102 transistors
10 bits RAM

1015 bits disk
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10t

4 CPUs, 10 transistors
10! bits RAM

103 bits disk

1079 sec

1010

1010

10 neurons
10! neurons
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Figure 1.3 A crude comparison of the raw computational resources available to the IBM
BLUE GENE supercomputer, a typical personal computer of 2008, and the human brain. The
brain’s numbers are essentially fixed, whereas the supercomputer’s numbers have been in-
creasing by a factor of 10 every 5 years or so, allowing it to achieve rough parity with the
brain. The personal computer lags behind on all metrics except cycle time.
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INTRODUCTION

In which we try o explain why we consider artificial intelligence to be a subject
most worthy of study, and in which we try 1o decide what exactly it is, this being a
good thing to decide before embarking.

INTELLIGENCE ‘We call ourselves Homo sapiens—man the wise—because our intelligence is so important
to us. For thousands of years, we have tried to understand fiow we think: that is, how a mere
handful of matter can perceive, understand, predict, and manipulate a world far larger and

i more complicated than itself. The field of artificial intelligence, or Al, goes further still: it
attempts not just to understand but also to build intelligent entities.

Al is one of the newest ficlds in science and engineering. Work started in eamest soon
after World War 1L, and the name itself was coined in 1956. Along with molecular biology,
Al is regularly cited as the “field I would most like to be in” by scientists in other disciplines.
A student in physics might reasonably feel that all the good ideas have already been taken by
Galileo, Newton, Einstein, and the rest. Al on the other hand, still has openings for several
full-time Einsteins and Edisons.

Al currently encompasses a huge variety of subfields, ranging from the general (leaming
and perception) to the specific, such as playing chess, proving mathematical theorems, writing
poetry, driving a car on a crowded street, and diagnosing diseases. Al is relevani to any
intellectual task; it is truly a universal field.

Russell

1.1 WHATIS AI?

Stuart Russell and Peter Norvig,

. . . . We have claimed that Al is exciting, but we have not said what it is. In Figure 1.1 we see
Artificial Intelligence: A Modern Approach, eight dofinitions of AL laid out along two dimeasions. The definltions on top are concermed
3rd Edltlon Prentice Hall 20 1 0 with thought processes and reasoning. whereas the ones on the bottom address behavior. The

) ) .

definitions on the left measure success in terms of fidelity to human performance, whereas
PATIONALITY the ones on the right measure against an ideal performance measure, called rationality. A
system is rational if it does the “right thing,” given what it knows.
Chapter 1 Historically, all four approaches to Al have been followed, each by different people
with different methods. A human-centered approach must be in part an empirical science, in-
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