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21oY0G NG MTVYOKNG OVTNG epyaciag €ival 0 GLVOVAGUOC TNG UNYOVIKNAG HABnong kot tov
VEVPOVIKOV OIKTOMOV Y10 TN OMUIOVPYie EVOC TPOYPAUUOTOS EmLTpovpevng pabnong(Supervised
learning) mov apyikd Ba eivar wavd vo avayvopicet xepdypago ynoio amd 1o 1 eog 10 9,mov Opmg
Ba elval wavo ylo avaryvopion omolovdnmote test set 0edopEVoL 0Tt 61deTO TO avTioTOLO training
set Tov.
Mo v amddelEn avtov Ba 600l Eva capdg LKkpdTePO training set e YEpOypaPo YPELLATO TNG
AyyAMKng oA@afnTou Yo TNV avoyvmdpion VE®V XEPOYPOOOV YPUUUATOV.
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1.Ewcayoyn:
Artificial Intelligence:

O 6pog teyvnt) vonuoovvn (TN, ek tov Artificial Intelligence) avaeépetat oTov KAASG0 NG
EMGTIUNG VTOAOYIOTMV O OTO10G OoYOAElTAL [LE TN GYXEOIOGN KOt TNV VAOTOINGT VTOAOYIGTIK®OV
CLUGTNUATOV TTOL HHOVVTOL GTOLYELD TG AVOPOTIVIG GUUTEPLPOPAS TO OTOI0 VTTOVOOVV £5TM KOl
OTOLELDON EVELTN: LAONON, TPOGUPUOGTIKOTNTO, EENYMYT] GUUTEPUGLATOV, KATOVOTOT) 0ITO
ovpppaloueva, enilvorn TpoPAnUaT®V KAT.

O TCov Maxdpt 6pioe Tov Topén 0TOV MG KEMOTAUN Kot peBodoroyia Tng onovpyiog voouvtmv
unyovaovy.(1965)

H teyvntn vonuoouvn amoteAel OVIIKEILEVO TO OTOLO0 TOPOAO LEAETOTE Y10, OEKOETIEG OKOWO OEV
gxet  Avbel  Kvpuwg AOYO  TOL  OTL  KOALTTEL EVOL  TPOYUOTIKO  TEPOOTIO  TOEC.
To med10 NG TEYVNTN VONUOGLVY OITAOVETOL OTO UNYOVEG TTOV ELVOIL TPALYLLOTIKO IKOVEG Y10 GKEWYT
€mG alyoplBpovg avalnnong Tov YPNCLOTIOOVVTE GE EMTPATECO TOLYVIOWNL KO EXEL EQPOPLOYES
GYE00V GE OTIONTOTE XPNOT KOVOVLE GNUEPO LLE TOVG VITOAOYLIOTESG GOV KOWVMVLQ

H Ictopia :

H 1otopia g teyviTng vonpocuvng Eekivnoe v apyondtnra , Le Toug HOB0VG, 16Topies Ko GUES
TEYVNTOV OVI®V TPOIKIGUEVE e TN vonpoovvn kot cvveidnon H Pamela McCorduck ypdoet, H
TeXVNTN vonpoonvn ekivnoe pe v apyaio embopio vo ceupnioticetl toug 0eovg.

O amapyés g Teyvng Nonpoosvvng avayovtatl 6toug "cvAloyiopovg" tov Apiototédn (384-322
1.X.), ot omoiot mwapeiyov TPATLTO EKPPAGEDV TOV E0VAV TAVTO CWGTE GUUTEPACLOTO OO COOTES
vroféaelg (ApLoToTEAELD GUALOYIOTIKY)).

Ot omopor g ovyyxpovng Al @utedtnkav amd KAUGIKOLS GLAOGOPOVS TOL TPOcTAdNGaV Vo
TEPLYPAYOLV T SOIKAGIN TNG OVOPAOTIVIG GKEYNG OC TO PNYOVIKO ¥EPoUO TV cuuBoriwv . H
gpyacio ovty KatéAnée omnv €QEVPECT TOL TPOYPOUUUATILOHEVOD YNPLOKO VTOAOYIGTNOTN TN
dekaetia Tov 1940, o unyovn pe Baon v apnpnuévn ovcia g padnuatikng ortorloyiog. Avt



1 GLOKELY] Kol Ol 10€eC MG® OMd aUTO EVEMVELGE 0L YOLPTO TOV ETICTNUOVOV VO apyicovV
coPapd cuinNTOLV TO EVOEYOUEVO TNG ONUOVPYIOG EVOC NAEKTPOVIKOD EYKEPAAOV.

O 6pog teyvnIN vonuoouvn potoovaeepinke 1o 1956 oto cuvdepilo tov Dartmouth kot amwo tote
N TEXYNTN VONHOGLVY €EUMA®ONKE KLPuwg AoYo TOV apy®v Kol Oempiov TOV 0QOCIOUEVOV GE
avtnv gpevvnres. [laporo v pkpn g cvypovn otopia o Prpato Tpoddov TOov €Yovv &ivar
HIKPOOTEPQ OTTO OTL OLVOLUEVOTOV.

Amo 1t yévvnon g 57 xpdvia Tptv €4ovv LITOPEN TOIKIAN TPOYPOUULOTE TEYVNTNG VONLLOGUVNG KOl
EXOLV EMNPEAGEL TNV TEYVOAOYIKT TPOOSO TOIKIAOTPOTOG

[Mvakog Iotopikng Avadpoung g Iotopiag eEeAtyng g TeXVITNG VOUHOCT|VIG.
(Ewoaywyn amo wikipedia)

To 1900
Date Development
Attty Greek myths of Hephaestus and Pygmalion incorporated the idea of intelligent robots

(such as Talos) and artificial beings (such asGalatea and Pandora).[1]

Antiquity | Yan Shi presented King Mu of Zhou with mechanical men.[2]

Sacred mechanical statues built in Egypt and Greece were believed to be capable of
wisdom and emotion. Hermes Trismegistuswould write "they

el have sensus and spiritus ... by discovering the true nature of the gods, man has been
able to reproduce it." Mosaiclaw prohibits the use of automatons in religion.[3]

384 BC- . . . .

3292 BC Aristotle described the syllogism, a method of formal, mechanical thought.

i Heron of Alexandria created mechanical men and other automatons.[4]

century

260 Porphyry of Tyros wrote Isagogé which categorized knowledge and logic.[5]

800 Geber develops the Arabic alchemical theory of Takwin, the artificial creation of life in
the laboratory, up to and including human life.[6]

1206 Al-Jazari created a programmable orchestra of mechanical human beings.[7]

Ramon Llull, Catalan theologian invents the Ars Magna, a tool for combining concepts
1275 mechanically, based on an Arabic astrologicaltool, the Zairja. The method would be
developed further by Gottfried Leibniz in the 17th century.[8]

Paracelsus claimed to have created an artificial man out of magnetism, sperm and

IS alchemy.[9]

Rabbi Judah Loew ben Bezalel of Prague is said to have invented the Golem, a clay
~1580 !

man brought to life.[10]
lliélally René Descartes proposed that bodies of animals are nothing more than complex

machines (but that mental phenomena are of a different "substance").[11]

century
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1623

Wilhelm Schickard drew a calculating clock on a letter to Kepler. This will be the first
of five unsuccessful attempts at designing adirect entry calculating clock in the 17th
century (including the designs of Tito Burattini, Samuel Morland and René Grillet)).
[12]

1641

Thomas Hobbes published Leviathan and presented a mechanical, combinatorial theory
of cognition. He wrote "...for reason is nothing but reckoning".[13][14]

1642

Blaise Pascal invented the mechanical calculator,[15] the first digital calculating
machine[16]

1672

Gottfried Leibniz improved the earlier machines, making the Stepped Reckoner to
do multiplication and division. He also invented thebinary numeral system and
envisioned a universal calculus of reasoning (alphabet of human thought) by which
arguments could be decided mechanically. Leibniz worked on assigning a specific
number to each and every object in the world, as a prelude to an algebraic solution to
all possible problems.[17]

1727

Jonathan Swift published Gulliver's Travels, which includes this description of the
Engine, a machine on the island of Laputa: "a Project for improving speculative
Knowledge by practical and mechanical Operations " by using this "Contrivance", "the
most ignorant Person at a reasonable Charge, and with a little bodily Labour, may write
Books in Philosophy, Poetry, Politicks, Law, Mathematicks, and Theology, with the
least Assistance from Genius or study."[18] The machine is a parody of Ars Magna,
one of the inspirations ofGottfried Leibniz' mechanism.

1750

Julien Offray de La Mettrie published L'Homme Machine, which argued that human
thought is strictly mechanical.[19]

1769

Wolfgang von Kempelen built and toured with his chess-playing automaton, The Turk.
[20] The Turk was later shown to be a hoax, involving a human chess player.

1818

Mary Shelley published the story of Frankenstein, or the Modern Prometheus, a
fictional consideration of the ethics of creatingsentient beings.[21]

1822
1859

Charles Babbage & Ada Lovelace worked on programmable mechanical calculating
machines.[22]

1837

The mathematician Bernard Bolzano made the first modern attempt to
formalize semantics.

1854

George Boole set out to "investigate the fundamental laws of those operations of the
mind by which reasoning is performed, to give expression to them in the symbolic
language of a calculus", inventing Boolean algebra.[23]

1863

Samuel Butler suggested that Darwinian evolution also applies to machines, and

speculates that they will one day become conscious and eventually supplant humanity.
[24]

1900-1950

Date

Development

1913

Bertrand Russell and Alfred North Whitehead published Principia Mathematica, which
revolutionized formal logic.

1915

Leonardo Torres y Quevedo built a chess automaton, El Ajedrecista and published
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speculation about thinking and automata.[25]

Karel Capek's play R.U.R. (Rossum's Universal Robots) opened in London. This is the

L first use of the word "robot" in English.[26]
1920s ' Ludwig Wittgenstein and Rudolf Carnap lead philosophy into logical analysis
and of knowledge. Alonzo Church develops Lambda Calculusto investigate computability
1930s | using recursive functional notation.
Kurt Godel showed that sufficiently powerful consistent formal systems permit the
formulation of true theorems that are unprovable by any theorem-proving machine
1931  deriving all possible theorems from the axioms. To do this he had to build a universal,
integer-based programming language, which is the reason why he is sometimes called the
"father of theoretical computer science".
1941 | Konrad Zuse built the first working program-controlled computers.[27]
Warren Sturgis McCulloch and Walter Pitts publish "A Logical Calculus of the Ideas
1943  Immanent in Nervous Activity" (1943), laying foundations for artificial neural networks.
[28]
1943 Arturo Rosenblueth, Norbert Wiener and Julian Bigelow coin the term "cybernetics".
Wiener's popular book by that name published in 1948.
Game theory which would prove invaluable in the progress of Al was introduced with the
1945 | 1944 paper, Theory of Games and Economic Behavior by mathematician John von
Neumann and economist Oskar Morgenstern.
1945 Vannevar Bush published As We May Think (The Atlantic Monthly, July 1945) a prescient
vision of the future in which computers assist humans in many activities.
John von Neumann (quoted by E.T. Jaynes) in response to a comment at a lecture that it
was impossible for a machine to think: "You insist that there is something a machine
1948 cannot do. If you will tell me precisely what it is that a machine cannot do, then I can
always make a machine which will do just that!". Von Neumann was presumably alluding
to the Church-Turing thesis which states that any effective procedure can be simulated by
a (generalized) computer.
1950s
Date Development
1950 Alan Turing proposes the Turing Test as a measure of machine intelligence.[29]
1950 Claude Shannon published a detailed analysis of chess playing as search.
1950 Isaac Asimov published his Three Laws of Robotics.
The first working Al programs were written in 1951 to run on the Ferranti Mark
1951 1 machine of the University of Manchester: a checkers-playing program written
by Christopher Strachey and a chess-playing program written by Dietrich Prinz.
Arthur Samuel (IBM) wrote the first game-playing program,[30] for checkers
1952— (draughts), to achieve sufficient skill to challenge a respectable amateur. His first
1962 checkers-playing program was written in 1952, and in 1955 he created a version

that learned to play.[31]
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1956 The first Dartmouth College summer Al conference is organized by John
McCarthy, Marvin Minsky, Nathan Rochester of IBM andClaude Shannon.

1956 The name artificial intelligence 1s used for the first time as the topic of the
second Dartmouth Conference, organized by John McCarthy[32]
The first demonstration of the Logic Theorist (LT) written by Allen Newell, J.C.

1956 Shaw and Herbert A. Simon (Carnegie Institute of Technology, now Carnegie Mellon
University). This is often called the first Al program, though Samuel's checkers
program also has a strong claim.

1957 The General Problem Solver (GPS) demonstrated by Newell, Shaw and Simon.

1958 John McCarthy (Massachusetts Institute of Technology or MIT) invented the Lisp
programming language.
Herbert Gelernter and Nathan Rochester (IBM) described a theorem

1958 prover in geometry that exploits a semantic model of the domain in the form of
diagrams of "typical" cases.
Teddington Conference on the Mechanization of Thought Processes was held in the UK

1958 and among the papers presented were John McCarthy's Programs with Common
Sense, Oliver Selfridge's Pandemonium, and Marvin Minsky's Some Methods
of HeuristicProgramming and Artificial Intelligence.

1959 John McCarthy and Marvin Minsky founded the MIT Al Lab.

Late

1950s, Margaret Masterman and colleagues at University of Cambridge design semantic

early nets for machine translation.

1960s

1960s

Date Development

1960s

Ray Solomonoff lays the foundations of a mathematical theory of Al, introducing
universal Bayesian methods for inductive inference and prediction.

1960

Man-Computer Symbiosis by J.C.R. Licklider.

1961

James Slagle (PhD dissertation, MIT) wrote (in Lisp) the first
symbolic integration program, SAINT, which solved calculus problems at the college
freshman level.

1961

In Minds, Machines and Gédel, John Lucas[33] denied the possibility of machine
intelligence on logical or philosophical grounds. He referred to Kurt Godel's result of 1931:
sufficiently powerful formal systems are either inconsistent or allow for formulating true
theorems unprovable by any theorem-proving Al deriving all provable theorems from the
axioms. Since humans are able to "see" the truth of such theorems, machines were deemed
inferior.

1962

First industrial robot company, Unimation, founded.

1963

Thomas Evans' program, ANALOGY, written as part of his PhD work at MIT,
demonstrated that computers can solve the sameanalogy problems as are given on IQ tests.
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1963

Edward Feigenbaum and Julian Feldman published Computers and Thought, the first
collection of articles about artificial intelligence.

1963

Leonard Uhr and Charles Vossler published "A Pattern Recognition Program That
Generates, Evaluates, and Adjusts Its Own Operators", which described one of the first
machine learning programs that could adaptively acquire and modify features and thereby
overcome the limitations of simple perceptrons of Rosenblatt

1964

Danny Bobrow's dissertation at MIT (technical report #1 from MIT's Al group, Project
MAC), shows that computers can understand natural language well enough to
solve algebra word problems correctly.

1964

Bertram Raphael's MIT dissertation on the SIR program demonstrates the power of a
logical representation of knowledge for question-answering systems.

1965

J. Alan Robinson invented a mechanical proof procedure, the Resolution Method, which
allowed programs to work efficiently with formal logic as a representation language.

1965

Joseph Weizenbaum (MIT) built ELIZA, an interactive program that carries on a dialogue
in English language on any topic. It was a popular toy at Al centers on

the ARPANET when a version that "simulated" the dialogue of a psychotherapist was
programmed.

1965

Edward Feigenbaum initiated Dendral, a ten-year effort to develop software to deduce the
molecular structure of organic compounds using scientific instrument data. It was the
first expert system.

1966

Ross Quillian (PhD dissertation, Carnegie Inst. of Technology, now CMU)
demonstrated semantic nets.

1966

Machine Intelligence workshop at Edinburgh — the first of an influential annual series
organized by Donald Michie and others.

1966

Negative report on machine translation kills much work in Natural language
processing (NLP) for many years.

1967

Dendral program (Edward Feigenbaum, Joshua Lederberg, Bruce Buchanan, Georgia
Sutherland at Stanford University) demonstrated to interpret mass spectra on organic
chemical compounds. First successful knowledge-based program for scientific reasoning.

1968

Joel Moses (PhD work at MIT) demonstrated the power of symbolic reasoning for
integration problems in the Macsyma program. First successful knowledge-based program
in mathematics.

1968

Richard Greenblatt (programmer) at MIT built a knowledge-based chess-playing
program, MacHack, that was good enough to achieve a class-C rating in tournament play.

1968

Wallace and Boulton's program, Snob (Comp.J. 11(2) 1968), for unsupervised classification
(clustering) uses the Bayesian Minimum Message Length criterion, a mathematical
realisation of Occam's razor.

1969

Stanford Research Institute (SRI): Shakey the Robot, demonstrated combining animal
locomotion, perception and problem solving.

1969

Roger Schank (Stanford) defined conceptual dependency model for natural language
understanding. Later developed (in PhD dissertations at Yale University) for use in story
understanding by Robert Wilensky and Wendy Lehnert, and for use in understanding

memory by Janet Kolodner.
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1969

Yorick Wilks (Stanford) developed the semantic coherence view of language called
Preference Semantics, embodied in the first semantics-driven machine translation program,
and the basis of many PhD dissertations since such as Bran Boguraev and David Carter at
Cambridge.

1969

First International Joint Conference on Artificial Intelligence (IJCAI) held at Stanford.

1969

Marvin Minsky and Seymour Papert publish Perceptrons, demonstrating previously
unrecognized limits of this feed-forward two-layered structure. This book is considered by
some to mark the beginning of the Al winter of the 1970s, a failure of confidence and
funding for Al. Nevertheless significant progress in the field continued (see below).

McCarthy and Hayes started the discussion about the frame problem with their essay,

1969 "Some Philosophical Problems from the Standpoint of Artificial Intelligence".
1970s

Date Development
Early | Jane Robinson and Don Walker established an influential Natural Language
1970s | Processing group at SRI.

1970

Jaime Carbonell (Sr.) developed SCHOLAR, an interactive program for computer assisted
instruction based on semantic nets as the representation of knowledge.

1970

Bill Woods described Augmented Transition Networks (ATN's) as a representation for
natural language understanding.

1970

Patrick Winston's PhD program, ARCH, at MIT learned concepts from examples in the
world of children's blocks.

1971

Terry Winograd's PhD thesis (MIT) demonstrated the ability of computers to understand

English sentences in a restricted world of children's blocks, in a coupling of his language
understanding program, SHRDLU, with a robot arm that carried out instructions typed in
English.

1971

Work on the Boyer-Moore theorem prover started in Edinburgh.[34]

1972

Prolog programming language developed by Alain Colmerauer.

1972

Earl Sacerdoti developed one of the first hierarchical planning programs, ABSTRIPS.

1973

The Assembly Robotics Group at University of Edinburgh builds Freddy Robot, capable
of using visual perception to locate and assemble models.

(See Edinburgh Freddy Assembly Robot: a versatile computer-controlled assembly
system.)

1973

The Lighthill report gives a largely negative verdict on Al research in Great Britain and
forms the basis for the decision by the British government to discontinue support for Al
research in all but two universities.

1974

Ted Shortliffe's PhD dissertation on the MY CIN program (Stanford) demonstrated a very
practical rule-based approach to medical diagnoses, even in the presence of uncertainty.
While it borrowed from DENDRAL, its own contributions strongly influenced the future
of expert system development, especially commercial systems.

1975

Earl Sacerdoti developed techniques of partial-order planning in his NOAH system,
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replacing the previous paradigm of search among state space descriptions. NOAH was
applied at SRI International to interactively diagnose and repair electromechanical
systems.

1975

Austin Tate developed the Nonlin hierarchical planning system able to search a space
of partial plans characterised as alternative approaches to the underlying goal structure of
the plan.

1975

Marvin Minsky published his widely-read and influential article on Frames as a
representation of knowledge, in which many ideas about schemas and semantic links are
brought together.

1975

The Meta-Dendral learning program produced new results in chemistry (some rules
of mass spectrometry) the first scientific discoveries by a computer to be published in a
refereed journal.

Barbara Grosz (SRI) established limits to traditional Al approaches to discourse modeling.

Mid | Subsequent work by Grosz, Bonnie Webber and Candace Sidner developed the notion of
1970s "centering", used in establishing focus of discourse and anaphoric references inNatural
language processing.
Mid | David Marr and MIT colleagues describe the "primal sketch" and its role in visual
1970s | perception.
Douglas Lenat's AM program (Stanford PhD dissertation) demonstrated the discovery
1976 . : : .
model (loosely-guided search for interesting conjectures).
1976 Randall Davis demonstrated the power of meta-level reasoning in his PhD dissertation at
Stanford.
1978 Tom Mitchell, at Stanford, invented the concept of Version spaces for describing
the search space of a concept formation program.
Herbert A. Simon wins the Nobel Prize in Economics for his theory of bounded
1978 : . Meatiafiming"
rationality, one of the cornerstones of Al known as "satisficing".
The MOLGEN program, written at Stanford by Mark Stefik and Peter Friedland,
1978 | demonstrated that an object-oriented programmingrepresentation of knowledge can be
used to plan gene-cloning experiments.
Bill VanMelle's PhD dissertation at Stanford demonstrated the generality of MYCIN's
1979  representation of knowledge and style of reasoning in his EMY CIN program, the model
for many commercial expert system "shells".
1979 Jack Myers and Harry Pople at University of Pittsburgh developed INTERNIST, a
knowledge-based medical diagnosis program based on Dr. Myers' clinical knowledge.
1979 Cordell Green, David Barstow, Elaine Kant and others at Stanford demonstrated the CHI
system for automatic programming.
The Stanford Cart, built by Hans Moravec, becomes the first computer-
1979  controlled, autonomous vehicle when it successfully traverses a chair-filled room and
circumnavigates the Stanford Al Lab.
1979 BKG, a backgammon program written by Hans Berliner at CMU, defeats the reigning
world champion.
1979  Drew McDermott and Jon Doyle at MIT, and John McCarthy at Stanford begin publishing
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Hwork on non-monotonic logics and formal aspects of truth maintenance. H

Late | Stanford's SUMEX-AIM resource, headed by Ed Feigenbaum and Joshua Lederberg,
1970s ' demonstrates the power of the ARPAnet for scientific collaboration.
1980s
Date Development
Early | The team of Ernst Dickmanns at Bundeswehr University of Munich builds the first robot
1980s | cars, driving up to 55 mph on empty streets.
1980s Lisp machines developed and marketed. First expert system shells and commercial
applications.
First National Conference of the American Association for Artificial Intelligence (AAAI)
1980
held at Stanford.
Danny Hillis designs the connection machine, which utilizes Parallel computing to bring
1981 | new power to Al, and to computation in general. (Later founds Thinking Machines
Corporation)
The Fifth Generation Computer Systems project (FGCS), an initiative by Japan's Ministry
1982 of International Trade and Industry, begun in 1982, to create a "fifth generation computer”
(see history of computing hardware) which was supposed to perform much calculation
utilizing massive parallelism.
1983 John Laird and Paul Rosenbloom, working with Allen Newell, complete CMU
dissertations on Soar (program).
1983 James F. Allen invents the Interval Calculus, the first widely used formalization of
temporal events.
Mid  Neural Networks become widely used with the Backpropagation algorithm (first described
1980s by Paul Werbos in 1974).
The autonomous drawing program, AARON, created by Harold Cohen, is demonstrated at
1985 | the AAAI National Conference (based on more than a decade of work, and with
subsequent work showing major developments).
Marvin Minsky published The Society of Mind, a theoretical description of the mind as a
1987 | collection of cooperating agents. He had been lecturing on the idea for years before the
book came out (c.f. Doyle 1983).
Around the same time, Rodney Brooks introduced the subsumption
1987 | architecture and behavior-based robotics as a more minimalist modular model of natural
intelligence; Nouvelle Al
1989 Dean Pomerleau at CMU creates ALVINN (An Autonomous Land Vehicle in a Neural
Network).
1990s
H Date H Development H
Early | TD-Gammon, a backgammon program written by Gerry Tesauro, demonstrates
1990s | that reinforcement (learning) is powerful enough to create a championship-level game-
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playing program by competing favorably with world-class players.

1990s

Major advances in all areas of Al, with significant demonstrations in machine
learning, intelligent tutoring, case-based reasoning, multi-agent planning, scheduling,
uncertain reasoning, data mining, natural language understanding and translation,
vision, virtual reality, games, and other topics.

1991

DART scheduling application deployed in the first Gulf War paid
back DARPA's investment of 30 years in Al research.[35]

1993

Ian Horswill extended behavior-based robotics by creating Polly, the first robot to navigate
using vision and operate at animal-like speeds (1 meter/second).

1993

Rodney Brooks, Lynn Andrea Stein and Cynthia Breazeal started the widely-
publicized MIT Cog project with numerous collaborators, in an attempt to build
a humanoid robot child in just five years.

1993

ISX corporation wins "DARPA contractor of the year"[36] for the Dynamic Analysis and
Replanning Tool (DART) which reportedly repaid the US government's entire investment
in Al research since the 1950s.[37]

1994

With passengers on board, the twin robot cars VaMP and VITA-2 of Ernst

Dickmanns and Daimler-Benz drive more than one thousand kilometers on a Paris three-
lane highway in standard heavy traffic at speeds up to 130 km/h. They demonstrate
autonomous driving in free lanes, convoy driving, and lane changes left and right with
autonomous passing of other cars.

1995

Semi-autonomous ALVINN steered a car coast-to-coast under computer control for all but
about 50 of the 2850 miles. Throttle and brakes, however, were controlled by a human
driver.

1995

In the same year, one of Ernst Dickmanns' robot cars (with robot-controlled throttle and
brakes) drove more than 1000 miles fromMunich to Copenhagen and back, in traffic, at up
to 120 mph, occasionally executing maneuvers to pass other cars (only in a few critical
situations a safety driver took over). Active vision was used to deal with rapidly changing
street scenes.

1997

The Deep Blue chess machine (IBM) defeats the (then) world chess champion, Garry
Kasparov.

1997

First official RoboCup football (soccer) match featuring table-top matches with 40 teams
of interacting robots and over 5000 spectators.

1998

Tiger Electronics' Furby is released, and becomes the first successful attempt at producing
a type of A.I to reach a domestic environment.

1998

Tim Berners-Lee published his Semantic Web Road map paper.[38]

Sony introduces an improved domestic robot similar to a Furby, the AIBO becomes one of

1999 the first artificially intelligent "pets" that is also autonomous.

Late  Web crawlers and other Al-based information extraction programs become essential in
1990s | widespread use of the World Wide Web.

If;;%g Demonstration of an Intelligent room and Emotional Agents at MIT's Al Lab.

Late | Initiation of work on the Oxygen architecture, which connects mobile and stationary
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19905

Hcomputers in an adaptive network.

2000

S

Date

Development

2000

Interactive robopets ("smart toys") become commercially available, realizing the vision of
the 18th century novelty toy makers.

2000

Cynthia Breazeal at MIT publishes her dissertation on Sociable machines,
describing Kismet (robot), with a face that expressesemotions.

2000

The Nomad robot explores remote regions of Antarctica looking for meteorite samples.

2004

OWL Web Ontology Language W3C Recommendation (10 February 2004).

2004

DARPA introduces the DARPA Grand Challenge requiring competitors to produce
autonomous vehicles for prize money.

2005

Honda's ASIMO robot, an artificially intelligent humanoid robot, is able to walk as fast as a
human, delivering trays to customers in restaurant settings.

2005

Recommendation technology based on tracking web activity or media usage brings Al to
marketing. See TiVo Suggestions.

2005

Blue Brain is born, a project to simulate the brain at molecular detail.[ 1]

2006

The Dartmouth Artificial Intelligence Conference: The Next 50 Years (Al@50) Al@50 (14—
16 July 2006)

2007

Philosophical Transactions of the Royal Society, B — Biology, one of the world's oldest
scientific journals, puts out a special issue on using Al to understand biological intelligence,
titled Models of Natural Action Selection[39]

2007

Checkers is solved by a team of researchers at the University of Alberta.

2010

S

Date

Development

2011

Al received much public attention in February, 2011, with the Jeopardy! exhibition match
during which IBM's Watson soundly defeated the two greatest Jeopardy! champions, Brad
Rutter and Ken Jennings.
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2.Mnyavikn pnébnon

Mn emomtevdpuevn pabnon
Mnyovikn pobnon €wot 1 HEAET OAYOPIOU®V TOV PBEATIOVOVTE OVTOUOTO HLECH OTOKTNONG
EUTELPLOGC.

Mn emomtevdpevn pabnomn wvat 1 SLVOTOTNTO EVIOTIGHOV TPOTVIMV GE L0, POT] ELGOS0V.

H un emomtevdpevn pobnon ewor molv kovta pe 10 TPPANUe TPoPAEYNG TLKVOTNTOG OTN
OTATIOTIKY] OVOAVCT), TOPOAOOLTO 1 UM ETMOTMTELOUEVN HaBnon mepAopPavel Kol TOAAES OAAEC
TEYVIKES TOL TPOSTAHOVY VO GLVOYIGOVV KoL VOL EENYIGOVV OPOKTIPLOTIKO TV SEOOUEVMV.

[ToArec peBodot oty un emrnpovpevn poabnon Pacilovrar oe teqviKes eaymyng dedopuevov(data
mining) OV YPNCUOTOLOVVTOL Y10 TPOEMEEEPYAGLO TOV OEOOUEVWDV.

Teyvnkeg un emomtevdpevn padnong neptlapfavovy Tig eEng TEXVIKES:

.clustering (K-means, mixture modelsm hierarchical clustering)

.blind signal seperation using feature extraction techniques for dimensionality reduction(Principal
component analysis, independent component analysis,Non-negative matrix factorization,Singular
value decomposition)

Emontevopevn udbnon

EmBAendpevn pnabnon eivor 1o €pyo pnyovikng pabnong me cuvaymyng Hog GLVOPTNONG oo To
enmovopalopeva dedopevo ekmaidoevons. To dedopéva ekmaidgvong amoTEAOVVTOL Atd £V GUVOAO
TOPOOEIYUATOV EKTOIOEVLONG. XE EMONTELOUEV EKPAONON, KOOE Tapdostypa eivar €va (evyog mov
amoteleiton amd €va avTiKeipevo €16600v (Tumikd €vog mivokag) kot pio emBount T e£660v
(ovopdletor emiong to emomtikd onua). ‘Evag alydpiBuog emontevdpevng ekpudnong ovaivst o
O0edopéva eKTTaidELONG KOl TOPAYEL [0 GuVAPTNOT, N omoia umopel va ypnoipomondel yio
yaptoypdonon véwov mapadsiypatov. ‘Eva BéAtioto cevdpro Bo emrpéyel otov adyopBpo  va
kaBopicel cooTd TIG £TIKETEG KOt YOpiag Yoo ab€ateg mepmTdoels. Avto amattel amo Tov alyopfpo
Vo YeVIKEDEL amd T OE00UEVA EKTTOIOELONG GE TPOTHYVMPO KOTAGTAGELS (e éva "Aoykd" TpdTo

EmBAendpevn pabnon meptropfavet Kot v ta&vounon Kot v aptuntiky taAtvopounong.

Ta&wdunon

Ta&wvounon ypnowonoteital yio vo kaBopicel oo KaTnyopio aviKEL EVOL GTOLXELD APOV OEL L
GEPA Ao TOPAdElYHATO OTOLXEIMV OO S1APOPES KT YOPIES.
2T punyovikn pdbnon kot ot oTaTioTIKn, Tagvounon eival To TpOPANLA TOL EVIOTIGUOD TOV GE
1o o £va GUVOAO KT yopldVv (Vo-tAnducol) o véa Tapatnpnon avikel, Le Bacn éva cuVOLO
O0OUEVDV  EKTTOUOELONG TTOV TEPLEYEL TIG TAPOTNPNCELS (1] TEPMTMOELS) TOV OMOIWV 1) Katnyopia
peAdV givor yvmaoti. Ot ETPEPOVS TOPATNPNCELS OVOADOVTAL GE VO GUVOLO O10THTOV TOGOTIKMG,
elval Yvootn o¢ 014popeg EMEENYNUATIKEG LETAPANTEG, YOPUKTNPIOTIKA, K.AT.



AvTég 01 1010TNTEG UTOPOVV TOIKIAOTPOTTMOG Vo KatnyoportomBovv (w.y. "A", "B", "AB" 11 "O", ywu
TOV TOTO TOV OipHOTOg), TokTkd (m.y. "peyddn", "uérp" 1 "pwepn"), axéporog-atiag (m.y. Tov
aplOud TOV epEavicemV g AEENG oL eval PEPOC GE Eval LNVULLO NAEKTPOVIKOD TaYLOPOUEIOD) 1)
TPAYUOTIKOV TIUOV (7). LETPNON TG Tieomng Tov aipatog). Mepikoi adydpifpot Asttovpyodv povo
amd TV Amoyn TOV OSKPITOV CTOYYEIMV Kol omotovy OTL Ol TPUYHOTIKEG TIUES 1| OKEPALOG-
TOAOTIH®V dedopévav va katnyoptortondel oe ouddeg (m.y. Atydtepo amod 5, petacd S kot 10, 1
peyaivtepn amd 10).

‘Eva mapdderypa Bo Ntov avdBeon evog dedopévov email ce «spam» 1 «un-spam" ta&eic M
avafétovtag po Siyvmor o€ évay 0e0opuévo achevi), 0T TEPTYPAPETOL OO TOPATNPOVUEVOV
YOUPOKTNPIGTIKOV TOL acBevovg (eOAO, TNV aptnploKn Teon, TNV TePOLGia 1] amovcio. OpIGUEVEV
GUUTTOUATOV, KAT. ).

‘Evoc aAyopiBupog mov viomotel v ta&tvounor, €01k 0€ [0 GUYKEKPIUEVT €QOPUOYT, £ivar
YVOoTOg oG évag tagvountis. O 0pog «Tavounney UEPIKES QOPES OVAPEPETAL EMIONG OTNV
pafnuoTiKn GuvAapPTNGN, TOL VAOTOIEITOL OO Evay aAyOplOUo TaEvOUNONG, TTOV KOTYOPLOTOLEL TO.
dedopéva 16600V

AplOunTiKY TOAVOPOUNONG

[MoAwvdpounon elvar n TpoomdBeia va moapaybel po Aettovpyio mov weptypdeet ) oxéon Heta&d
EI0POMV KOl EKPOMV Kol TPOPAETEL Twg o1 €odot Ba mpémel va aAAdEovy, 0T aAialovv ot
€10POEC.

Avaivon moAvdpounong elval pio GTOTIOTIKN TEYVIKY Y10 TNV EKTIUNOT TOV GYEGEDV HETOED TOV
petapintaov. ITlepihopfaver moOAAEG TEXVIKEC Yoo TNV HOVIEAOTOINOYN Kot avAALOY TOAA®V
petafAntav, otav n eotioon gival oty oyéon petad pog e€optnuévng petafAntg kot piog ot
neplocdtepmV aveldptntov petafintov. ITo cvykekpipéva, n avdivon taivopounong Pondd va
KOTOVONGOVUE TTAOG 1) TUTIKN TN TG e€optnpévng petafAntig aAlalel 6tav omoladNToTE amd Tig
aveCaptnreg petafintés petafaiieTor, eved ot GAleg aveldptnteg petafintég mapapévovv. ITo
ouyva, 1M ovéilvon moAwvopounong vmoroyilet v vmd Opovg mpoodokion TG eEopTNUEVNS
UETOPANTAG OV Ot aveEAPTNTEG HETAPANTEG - ONAadT], M peom a&la g egaptnuévng petapintng,
otav ot avelaptnteg LETAPANTEG vl 6TAOEPES. . Xe OAEG TIC TEPUTTMGELS, O GTOYOG EKTIUMONG £ival
cuvaptnon Tov aveldpttov PeETafAnTtdv Tov ovoudlete cuvaptnon dwfaduionc. v avaivon
TaAvdpounong, elvar emiong evolaPEPOV 0 YOPOKINPICUOS TG OlakLUOVONS TG eE0pTNUEVNS
HETOPANTAG YOP® amd TNV ouvaptnon mTaAvopounons, n omoio umopel vo mepypoapel amd o
Kotavoun mlovotnrag.



Evicyvtikn pédbnon

€ EVIOYLTIKNG Habnong , o mapdyovtag avtopeifeTat Yo KaAEG amavtnoels kot va Tipnopn st yo to
AabBog.

Avt'o pmopel va avaivBel amd v anoyn g Bewpiag TOV anoPAcE®V, XPNCULOTOIDVTNS EVVOLESG
OT®G M xpNoUOTNTA.

Eunvevopévo amd v wuxoloyioc. COUTEPLPOPIKNG, EVICYLTIKN HAOnom eival pio meployn g
UNYOVIKNG HABnong otnv €MOTUN TOV VTOAOYIGTMV, OCYOAEITOL LE TO TTAOG £vog TpdakTopas Ha
mpénel vo. avordaPel dpdon oe €va meplPdAdov €tol dote va peylotomombel kamow évvola
cmpevTikn ovtapoPn. To TpdPfAnpa, Adym g yeviKOTNTOS TNG, £XEL peAeTnOel o€ TOAALOVG AAAOLG
EMOTNUOVIKOVG KAAOOVG, Omwg 1 Bempio Tov moryviov, Bewpio eAEyyov, EmEPNCLOKY EpEVVa,
Bewpio g TANpoopiag, mposopoiwon pe Pdon ™ Peitictomoinom, oTATIOTIKE GTOLXEIN Kot Ol
yevetikol akydpiBpot. v €pguva Tpa&emv Kot T Aoyoteyvia eEAEYXOL TO Tedio OMOv PEAETDOVTOL
néEBodol  eVIGYLTIKNG HAONoNG OVOpAleTol TPOCEYYIOTIKOG SVVOUIKOS Tpoypappaticpds. To
mpoPAnpa €xer pehetnBel o Bewpia Tov PEATIOTOL €AEYYOL, OV KOL Ol MEPIGGOTEPES UEAETEG
VIdpyovv acyorovvtal pe TNV Vmapén TV BEATIOTOV ADGE®VY Kol TOV YOPOKTNPIoUO TOVG, Kol Oyt
HE TIS TTLYEG TG Labnong . v owkovopia kot ™ Bewpia moryviov, eVicyvtikny pabnon propet va
ypnoworomBet yio va e€nynoet mog 1ooppomio. pmopel voo TPOKLYT 0TO TANIGL0 0plofeTOVIEVOL
opBoroyiopov.

H pobnupotkn avélvon tov adyopiBumv pnyovikig padnong kot n emddcelg toug sivor €vag
KAAO0G TG BEmPNTIKNG EMOTHUNG TOV VITOAOYIGTOV Elval Yvmotd ascomputational learning theory



3.Nevpovikd olktova

. H avayxn yuo ta veupovikd 6TKTuo(YpOoLLKT) Kot PN YPOUUKT vtd0eon)

H ypoppkn ved0eon.
éva TopadEya VoG aAyOp1Oov eronTeELOUEVNG LAONoNG
elvar 1 axdAovOn

500
400
300

200

100
° [
0 =00 1000 ° 1500 2000 2500 3000

€0® 0 ahydpBpog tpoomabel va kabopicel v Tiun evog omitiov (aovag y) amd 1o péyefog tov (x-
dEova)
KoL 1 YPOUUKN vofeon eivon  pol ypou.

o€ mpoPAnuata tavopunong Avtd To Ypaenua ivotl cov oavtod




e moAlamAd mpoPAnpata taEtvounong (one-vs-all)
7O YpAeMua givor cov avtod

One-vs-all (one-vs-rest):
A
A X
AA xx X
X
O

0Ogo

W

X

Class1: A <
Class2: 0 <
Class3: X =

H avéyxn yio évav adydpiBpo vevpwvikdy diktvov glvar n un ypappukn vedeon.
T6cOo M YPOUUIKN OGO KOl 1 AOYIKY] TOAVOPOUIST) UTOPEL VO AEITOVPYNOEL UOVO HE YPOLLLUKN
vtoeon).

Ag e€etdoovpe o akOAovOOL:

Ag movpe 0Tt £yovpe aLTO TO GHVOLO dESOUEVDV

X.
"o va taplaéel 610 6HVoAo dedopuévmv, Ba mpénetl va TpocHEcel TOAAE eMTALOV YOPAKTNPIOTIKA

TOAVMOVOLOV LE OTOTEAEGLLOL 1] GLYHOELONG GLVAPTNON VO Vol KATWG £T01

9(60 + 0121 + b2
+03x1 19 + O47iTo
+0sx3T + G125 + . ..)

Avt 1 néBodog Aettovpyel kaAd, dtav Exovpe HOVO 000 TAPAUETPOLS OTMG TO TopATdve (X 1,
X _2)

AAG TO TPOPANUO pe TEPIOTOTEPESG TAPAUETPOVG GE £va TPOPANLE Tov Ba mpémel vo TpoPAdyet
€av éva onitt 0o Twinbel péca og 6 unveg

Ba Exovv yopaKTNPLoTIKA OTWOGC:

t0 péyebog, kpePatokdpapes, dameda, nAkia ...... Kot 00T KoBeENG

v va yopéoet avtd ta dedopéva Ba kdvape kot pe mepimov 5.000.000 yapaxtmproTikd

fo umopovcape va GUUTEPIAGPOVIE AYOTEPO YOUPOKTNPIOTIKA, GAAG GTN GLUVEXELD 1] VITOOEST dev
B etvan apretd axpPeic



. H avarapdotaon evog vevpmvikoh diktvov

W -
|Dendrite  **vt Axon terminal

Schwann cell
Myelin sheath

/-

W ’
‘-""-d'fu'l' Lal= r

Me éva amhoiKd TpOTO 0 VEVPMOVAG dPO GOV VTOAOYICTIKY HOVASO TOV TaipVEL EI0OS0VG TOV AmTd TO.
KOAMOWL €16000VG TOL KAVEL LIOAOYIGHOVS Kol Topdyel ££600VG TOL Tnyaivouv G€ GALOLG
VEVPMVESG GTOV EYKEPOAO.




H avomopaotaon autov Tov UNyevIGHOL YIVETOL OG ENG.

g
€




3a. H ocvvéptnon kdéctoug otnv Aoyiotikn Avaivon IHaiwvopdunong kot oto
VELPOVIKE SVKTIO

To vevpovikd diktoa givat v amd TOVS O 1GYLVPOVS OAYOPIOLLOVG TOV £YOVLE GTIUEPOL.

B Anoovpe vog adyoplBuov pnddnong yio v TomofETnon TV TapaUETPOVS Yo VO VEVPMVIKO
OikTVO TOV TOL JiveTal EVOL GUVOLO EOOUEVMV EKTAIOELONG

Oa EeKIVIICOVE [WADVTOS Y10 U0, GUVAPTNOT KOGTOLS Y10, TO TOIPLOCUN TOV TOPOUETPMOV TOV
SIKTVOV.

Neural Network (Classﬁlcatlon){(xw JD). (22,4 @), (glm)_ym))

L = total no. of layers in network

81 = no. of units (not counting bias unit) in
layer [

Layer1 Layer2 Layer 3 Layer 4

Ag vmoBécovpe 0Tt £yovpe Eva HiKTLO KOl £VOL GUVOLO OESOUEVOV EKTTAIOEVONS, OTWS TO TAPOTAVE®.
‘Exyovpe L=4
S1=3,S2=5,S4=SL=4

Multi-class classification (K classes)

vew el i - [f

pedestrian car motorcycle truck

K output units

2uvaptnon KOGTOVG:

Logistic rEgression:

:\ Tl :
(1) (i) sli) e o 1) it i
J(0) = Z; log he (') + (1 — ') log(1 — he(z') +2mj_zlﬁj



H ovvdpmmon kO6TOUg MOV YPNOLUOTOIOVUE Y10 TO VEVPMVIKO OIKTLO TPOKELTOL VO €ivor o
YEVIKELGN OLTNC TTOV PN GLUOTOIOVLE Y10 TNV AOYIKT TOAVIPOUNON.

Neural network:
he(z) € RK (he(z)); = it output

m K

Z Z ,-,ri_r:' log(he(z'"))k + (1 — yi_”] log(1 — (ha(z'))i)
=1 k=1

L=1 & Sl4a

1)+2
< MIIC

=1 1=1 =1

1

T

J(8) =

B S

A i
e ZZZ ik

=1 =1 =1

glval 0 0pog yevikevong

To vevpwvikd diktvo pog eEdyet mAéov popeig oe Rk
Kot vrobeon| pog eivar evog K dtuotdoewv mtivakaog

Topa Bo pincovpe yo Evav alyoptBpo yio vo tpoomadeia vo eEAayIoTomol el 1 GuVAPTHOT TOV
KOGTOVG, 101G Tov aAyopiBuov avdotpoeng 616.600m¢
min .J(O)
e
TPOKEWEVOD Vo, ypnolporomfel 1 kAion kabBddov 1 evog amd TIG TPONYUEVOLS aAYOPIOHOLS
BeAtiotonoiong mpémet va ypdyoovpe k®OKo ov maipvel oG €icodo Bnta kot vroroyiler JONTA KO
TOVG OPOVS HEPTKNG TOPOYDYLIONG -
- J(©)

- =95.J(0)

sett
]



. YTOAOYIGOG TOV LEPIKAOV TTAPOLY DYDY

Ag WMANGOVUE GYETIKA LLE TOV TPOTO Y10 TOV VITOAOYIGUO TMV UEPIKDV TAPAYDYDV

Layer 1 Layer2 Layer3  Layerd

Ag vmoBécovpe 6T £yovpe pHOVo Eva mopdoetypa ekmaidgvong (X, y)

O vmoloyiopog Bo mpémel va kévovue givar va epappochst Kot 'apyds mpog T epumpog 61dd0om
TPOKEWEVOD VO VTTOAOYIOTEL TL €EAYEL TNV TPAYLLATIKOTNTA 1) LITOOEDN.

all) =z
2(2) — @(1)4(1)

2
a® = g(2?) (add a’)
2(3) — @(2),4(2)

’ 3
a® = (@) (add ai”)
L(1) — @(3)4(3)
e = hg(z) = g(z¥)
Avotépo eival To otpoua 16660v 1
Al Tp®TO KPLUUEVO GTPOUO. OGS TO CTPMUA 2

a3 1o Tpito oTpOUA
A4 10 TETOPTO GTPOUO LAG, TTOV Elval Kot GTPMUO EE0O0V HOG

‘Enetto dote vo vmoAoy1oTovV o1 Topdywmyol TPOKELTOL VO, YPTNOLOTOUCOVE EVaV aAyOp1Ouo Tov
ovopdletatl adyoplOrog avasTpoPng d1adoomg



O adyop1Bpog avaostpopng d1adoong vrtoAoyilel To
(0
0
ITov ewvar to oeaApa tov J kKOpPov 610 oTpdpa L

v KGO povada e£6oov (otpoua L =4)

a4}
g =a Y;

..(_1
0

Eivol to opdipo g j Hovadog 6TO ETOUEVO GTPAOLO TTOV Eival AmAd 1| EVEPYOTOINGT TNG LOVASOG
(mov etvan | vrdBeoN pag)

al?
petov v Tpaypotikny a&lo 6To GUYKEKPIUEVO TOPAOELYLLOL

Y

Tdpa yio T0 oTpdUa 3 KoL TO GTPOUA 2, TO GEAAL Bo HTOV

5{;5} = ((_)[3) )Tﬂ;(-lj 3 _{}"f ( Z[:ij }
52) — (@{2) )\ T5G), % ¢’ (2(2)

0 0pog
I (3
g (2\9)
1 (2
g'(z'*)
elvar m mopdymyog g cuvaptnong evepydmomons kot €EUPTATE A0 TIC TIUES €1GOO0V TOL
dtvovton amodto Z
LT) U i’:.‘a')

L'}} » r\l &h}

Topa Ag vroBécovpe OTL £ovpe VoL GUVOAO EKTOLOELONC M TTAPAOETYLOTOV



sl (1) Am) . (m)
Lt A L R (z\™,y'"™)}

[TpoTov, Ba mpénet va pupictet

v 6Aa ta Li,j

[Tov Ba xpnoyomonBovv TEMKAE MG GLGCOPEVTES Y10 TOV VTOAOYIGUO TOV TOPAYDY®OV TOL KOGTOVG

Oo pénel va eKTEAEGEL 1] EUTPOS SLAGO0T Y10 TOV VITOAOYICUO TMOV EVEPYOTOMGEMY Y10 OAOL TOL
GTPOLOTO

Tote Oa ypnowomomoovpe TV €£000 Yy VO VLWOAOYIOTEL TO OQOGAUN TNG TEAELTOIOG
oTPOONG(£€000G) Kol Vo ekTEAEcEL OAYOPOUOC avdoTpopng O014000MG Yo VO, VTOAOYIOTEL TO
GOAALLO Y10, TOL VITOAOUTO GTPDOLOTOL

211 GLVEYELD TPOKELTOL VO, XPTOLUOTOIEL 0 OPOC
()
[l GUGCMPEVOLY O1 PEPTKOL TAPAYDYOL -
() . all) () cli+1)
Ay =400+ a9,
N aAlmg

”f_:] = 1 A0 }A(-)f-j} if j #0

T ()

D;) = LAl) ifj=0

m (L]

KOl 0OV VITOAOYIGTOVV ATOVS TOLS OPOVS TOL Eivat aKPIPMOS 1 LEPIKN TAPAYM®YOG TNG CLVAPTNONG
KOGTOVG GE GYEC E TNG TOPAUETPOVG

23(6) = D

G

Kot ovTé propovv va ypnoonomBoiv gite oe kdBodo KAion N og pia £va 0mo TOLG TPONYUEVOLG
alyopifuovg BelticTomomoNG



Ievikdg o oAyopiBuog avdotpoeng owddoong eivar mePoodTEPO  HOOMUOTIKE  TOADTAOKOG
aAyOpOHOG 6€ GUYKPION LE TNV YPOLMKN N TNV AOYIGTIKY] TOAVIPOUNOT KOl 1) LOONUOTIKY TOV
amdoelln Oev amoTeLEl TO OVTIKEILEVO AVTNG TNG TTUYLOKNG,OAAE Y10 VO KATOVOT)COVLE KOADTEPQ TL
KAVEL ag pi&ovpe TPOTO pol HOTIG GTO TL KAVEL 1] 014806 TPOG TOL EUTPOG

Ed® mapovsialetar éva vevpmvikd netwrok pe 600 povadeg 16650v (Ywpig va petpdel n povada
TOAWDOTNG)

pe 2 Kpuppéva oTpmpata te 2 Hovadeg e Kabe oTpmon

Kot €va oTpop ££650V.

Yroioyilovtag ta fripato mov eEnyNOnKay mTpy TAVOLLE 00




AG KOUTAEOVE T TPAYUATIKE KOVEL 0VTOG O VTOAOYIGUOG £6TIALOVTOG GTNV TPMTH LOVASA TOV 20V
KPLPOL GTPMOUATOG

Yrooyilel v evepyomoinom yia kdbe povado o oyéon pe v 5660 g mponyovuevng(ta Papn
poG) Ko £T01 010:010eTE EUTPAOC

AmodevoeTor 0Tt aVTO TOL KAvEL 0 oAyOpBlog avdotpoeng duadoong etvar por dradikacio ToAD
TAPOLOLL LE OVTO, OAAG OVTL O VTTOAOYIGHOC VO PEEL A0 TO. APLoTEPE TPOG T OEELA TOV SIKTHOL
,péet amod ta deELd TPOG TO APLGTEPA YPNGLUOTOIOVTOS EVOL TOAD TOPOHOL0 VITOAOYIGHO MG OVOTEPW.
Mo v mepatépo KoTavonorn Tov 'adyoplopon avAacTpoPng d1idoons og SOVLE TNV GLVAPTNHON
KOGTOVG

Jﬂ)———-E:yl%me (@) + (1 = ') log(1 — (he(z")))
=1
L—1 & 31+

-5 el

=1 i=1 j=lI
Av10 givar ) Aettovpyia Tov KOGTOVG Y piot povo povada e£600v
OV KOVEL TPOG TAL EUTPOG KOl TPOG TO TG® 0140001 Eva TapAdELyLaL T OOPa.
X (D), Y (1) kou ayvomvrog t yevikevon A =0

cost(i) = y® log he (™) + (1 — y®)log he (z?)

avtn 1 e&lomon gtvon TOAD TOPOUOLN LE TO TETPAYOVIKO GOAALQ

cost(i) = (he(z") — y)?)



Topa ag dovpe Tt KAVEL 0 aAYOPIONOg avAcTPOPNS 014000MG

®uundeite 0tL 0 aAyop1OLOG AVASTPOPNG O1d00NG EIval 0 VTTOAOYIGUOG TOV GCPUAUAT®V

50

J
NG TG EVEPYOTOINGNG TNG LOVASOG

(1)

a.

J

emionua
() _ _d e
) = m CUbt(l)

Yy j>=0
Omov

cost(i) = y'V log ho(zV) + (1 — y)log he(z?)
Av 0o pmopovoape va Thpe 6To E6OTEPIKO TOL VELPIKOV netwrok Kot var aALAEETE TG Z TYES TOV

B emnpedlov TIg TIHEG TOVTO VEVP®VIKG SiKTVLO £EAYEL AVTO Bl E1YE WG AMOTEAEGHLA TV QAAAYY| OTN
Aertovpyia TOL KOGTOLG,.

‘Etot etvan pétpo tov moco modv Ba BEAapE va HeTpiGovE TO VEVP®VIKA diKTVLA PAPT TPOKEUEVOL
vo emnpedoovpe TG evoldueceg a&ieg Tov LTOAOYIGHOD, OOTE VO EMNPEACOVUE TO TEMKO
OTOTEAEGLLO TOV VEVPOVIKDOV OIKTOMV, TPOKEUEVOL VO ETNPEAGOVIE TO OAIKO KOGTOC.

o(4) _ _(4)

0 j = a; —Yj
Mmopeite va deite 6TL 0ty voroyilovpe
v apaypotikodtnto PAETovpe TOCO HaKPLd NTav 1 TPOPAEYN IO TNV TPAYUOTIKY TIUR Tov Oa
0éhape va £xoue.

Aglte 116 opordnTEG petaly TV adkyoplipmv d1d000mg

1)) W D PN\
oy = @ad, +,3,




. AplBuntikdg Edeyyog KANONG Kol TVY0L0 EEKIVILOL GUVATTIKAOV Bapdv

Katd v gpappoyn mg avdotpoeng 61dooong i tapopoto aryopifuo kiiong kabodoov
EMEON O OAYOPLOLOL £XOVV TOAAEG AEMTOUEPELEG KOl LTTOPEL VL Eivat SVOKOAO VO EPOPUOGOVY

Etvotl kado vo exteleite apOuntikdc eA&yyoc e KAlong yio v eEAAEIYT TVXOV GRAALATOV KOl VOl
BePardverar 611 0 KOIKOG Aettovpyel

Ag E&etdoovpe to akdAovbo mapddetypa

"Exovtag v J cuvaptnon kdéotovg (0) ag modpe 1t 0EAovpe vo vtoAoyicovpe TV Topdymyo g 0
Ba vroloyicovpe 0 + € kot 0-& cuvoéovpe Ta V0 onueia pe P vBeia Yo Kot XPCUYLOTOLOVIE
™V KMo T KOKKIVNG YPOUUNG TTOV ELVOL 1] TPOGEYYIoT) TG aANOvIG Tapaydyov

Numerical estimation of gradients (e*)
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To € mpémetl va £xel apkeTd pikpn Tun, onmg € = 10 » (-4)

‘Exovtog tov mtivaka topapéTpov O pmopovpe vo VTOAOYIGOVHE OAES TIG LEPIKES TAPALYDYOLS
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2t0 TPONYOUUEVO LEPT VTLAPYOLV GXEOOV OAL Oca YpeldlovTat Yio vo, epapUochetl £va VELPOVIKO
diktvo.

‘Eva axopo mpdypo mov tpénet vo eEETACTEL EVOL 1) PYIKOTOINGT) T®V GLUVOTTIK®WV Popdv.

Av &yovpe apykomoinoel OAEC TIG TOPAUETPOVS GTO UNOEV EKTEAOVTOG O1000)T TPOS T EUTPOS Ot
&xoovpe to €&Ng

H -“?(T),Ej] = 0 for all ¢, j,1.

\fﬁ —> helx)
= @ 1)
- ﬂ}‘: ¢ IEHSP g‘ = QE..L ‘
. S @ e
;Qm J (@) = }Em (D)) &, ° O,

—

Metd amd Kabe avavEmoN, 0l TAPAUETPOL TOV AVTIGTOLYOVV GTIG EI6O00VG TOV TNYAivVoy GE Ko
Ao TG 600 KPUUPEVES LOVAdES fvar TavopOlOTUTES!

Me omotéhecpo 6 OAEC TG KPLUUEVEG Hovadeg Ba vmoloyicel akpPdc n idlo cuvaptnon otV
€16600 mov onuaivel 6Tt 1 TEMKY| povada maAvdpounong Ba mapel v B €ilcodo amd OAEg TIg
LOVASES

‘Eto1, pe to mopamdve GOUTopEVOLLE 0Tl Ba TPETEL VoL EKTEAEGTEL L0 TUYOIO OPYLKOTOINGT Kot VoL
emtevyBel omAcILO TNG CLUUETPIOG.



3B. driovovtoc Eva VEuPOVIKO dTKTLO

Katd TNV eKTTaideuan £€vog VEUPWVIKOU BiKTUOU TO TTPWTO TTPAY U TTOU TTPETTEI VA YIIVETAI €ival va BpioKeTal Wia
OPXITEKTOVIKA YIO TO VEUPWVIKO OIKTUO

Mrtropei va o€l Kaveig OTl yia Tov idl1o apiBud €100d0wv Kal €£60wWV UTTAPXOUV OIAQOPETIKEG APXITEKTOVIKEG TTOU
MTTOpOUYV va eTTIAEXB0UV

MANRBoG €1060wV : AIGCTACN TWV XOPAKTNPICTIKWYV
MARBoG £€60wWV : ApIBUAG KATNYOPiWwY
auTd Ta OUO €ival apKETA aTTAa Kal €EAPTOVTAI ATTO TO TTPAYMATIKO TTPORANUG

Ocov agopd Tov apIBud TWV KPUNMEVWY CTPWUOTWY HIa AoyIKA €TTIAOYN €ival 1 KPUPPEVO OTPWHA, GAAG €AV
€TMAEXBOUV TTEPIOTOTEPA ATTO £V OAQ TTPETTEI VA €XOUV TOV idI0 apIBUS HOVAdWY.

Ooov agopd Tov apiBud Twv Jovadwv GuvARBWGS 000 TTEPIOTOTEPES TOGO TO KAAUTEPO.

Ektraideuan €vog veupwvikou BIKTUOU
1. Tuxaia apyIkoTrolon CUVATTTIKWY Bapwv

2. YAotroinon aAyopiBuou d1adoxng TTPog €UTTPOG YIa VA TTAPBEI

h'?) ) } i
yla Kabg
pli)
3.YAo110InoN Tou KWAIKA YIa TOV UTTOAOYIOUO Tou KOaTouG functiong

1(6)

4. Y\otroinon aAyopiBuou 81adoong TTpog Ta oW YIA TOV UTTOAOYIOHO TWV PEPIKWY TTAPAYWYWYV

9 _J(O)

; (L)
08",

>uvnBwg autd yivetal pe Eva Bpdxo emavaAnyewv(for loop) Tavw améd Ta TapadeiyuaTa EKTTaidEUCNS
(emmiong uTTdp)OUV PEPIKEG TTOAU TTPOXWPNHEVEG TEXVIKES OIAVUCUATOTTIOINONG)



5. Xpnaon éAeyxou KAion yia va ouyKpiBel n

d_J(O
aat (©)
Jk
uttoAoyiouévn pe Tov aAyopiBuo avdotpo®ng d1ddoaong evavTia TOU UTTOAOYIOUOU XPNOIMOTIOIWVTAG aplBunTIKA
dlaBaduion
J(0)

OTN CUVEXEIQ OTTEVEPYOTTOIOUE TWV KWOIKA EAEYXOU

6. Xpnon kAiong kaBodou 1 TTPoXwWPENUEVO aAyopiBuou BEATIOTOTIOIONG HE TOV aAyOPIBUO avAaTpopng
d16d00nG yia va eAaXIOTOTIOINOEI N
7(©)

WG GUVAPTNON TWV TTAPAUETPWY O

2Tn Bewpia, o€ TTOAAEG TTEPITITWOEIG N

J(O)
€ival yia un KupTh ouvapTnon
auté onuaivel OTI KANiong kaBodou i TTponyMEVWY HEBOdWY BEATIOTOTTOINCNG UTTOPEI VO KOANACEI O€ TOTTIKA
BéATIoTO AAG aTTOdEIKVUETAI OTI GTNV TTPAEN aUTO OV €ival ouvABwWG éva TEPAATIO TIPORANUA,
AkoOpa KI av dev UTTopoUlE va eyyunBouue OTi auTol ol aAyopiBuol Ba Bpolve uia oAIKO EAAXIOTO, ouvrBwG auToi
ol aAyopiBuol Ba kdavouv TTOAU KaArp SoUAEIG eAaxIOTOTTOINONG QUTAG TNG CUVAPTNON KOOTOUG Kal Ba TTdpBel
TOUAdIOTOV eva TTOAU KOAG TOTTIKO EAAXIOTO

MNa va Tdpete TEPIOOOTEPN BIAIoONON yia TO TI Kavel 0 aAyoplBuog KAiong kaBddou a€ Eva veupwVvIKO OiKTUO

€XOUE HIa OUVAPTNON KOOTOUG

1(0)

Kl OPICUEVES TTAPAPETPOI O




‘EoTw OTI £X0UpE POV BUO TTAPAUETPOI € AUTO TO VEUPWVIKO dikTuo OTav reallity £xoupe TTOAG TTEPICTOTEPO

‘ET01 AT N OUVAPTNON KOOTOUG

1(©)

METPA TTOOO KOAG TO VEUPWVIKO BiKTUO TaIpIAdel pe Ta Oedopéva ekTTAiOEUONG, WATE, av TTAPOUUE Eva onueio
OTTWG auTd

auTo gival éva onueio étTou

1(©)

€ival apKeTA XaunAr Kai £T01 AuTO QVTIOTOIXEI G€ HIa pUBUIOT TwV TTOPAUETPWY O, GTTOU VIA TA TTEPICOATEPA ATTO
Ta TTapadeiyyata ekTraideuang n €£000¢ TnNG utréBeong eival oAU Kovtd oTnv y (i) kal yia auté n ouvapTnon
KOOTOUG Hag gival TTOAU XauNAn



2€ avtiBean pe TN Aqwn evég onueiou OTTWG auTo

[Tov avtiotoyel 6to onueio O6mov Yoo TOAAG mopadeiypato eKmaidevong N €€000G TOV VEVPIKOV
OKTOOV €lvan pokpld omd TV mpaypotikny T y (1). omdte onueia, OT®MG AVTO AVTIGTOLYOVV GTO
onueio 6mov M VIOBeon TV VELP®VIKOL OKTHOL Pydlel TYES TOL GLVOAOL EKTTAIOEVONG OV
anéyovv moAb omd y (I)

Aomdv,T0 TL Kavel 0 adyoptBpog kAiong kabodov elvar EeKvavtog amd Kdmolo Tuxaio onueio Kot
nyaivn pe PnUotiond mTPog T KOTm

Kat 161 a6 mov kdver o akyopiBpog avaotpoeng 61ddoong eivar va vrroAoyilel v katevbuvon
g KMong, evd M KAlom maipvel pkpa Pripoata Tpog To KOTM HEYPL KATOl GTIYUN Vo Todpel o
TOAD KON TOTIKOL PBEATIOTOV

WL e

/ TR




3y. ZovnOn mpofAnpata kot 1 ETIALGT TOVG

Ag vmoBécovpe OTL £(0VUE EPUPUOCEL YEVIKEVIEVT YPOUUIKT TOAVOPOUNOT] Yo TNV TPOPAEYT TV
TILOV TOV KOTOIKIDV
UE TN cLuvapTNnoT KOGTOLG Vo Eivor

L]

¥ I - R (212 & 2
J(0 R leh;_ul..l ) — ')+ ,\E!HJ
e

i=1

Qo1660, 0TaV €AéyEoL TNV VIOOEST GOG GE £val VEO GUVOAO T®MV OTITI®V Oa JOMIGTAOVOLUE OTL
Kdvel amapddekta peyaia AGOn otic TpoPAEYELC TG

KAmo10¢ pmopel va GKEPTEL VoL SOKIAGEL Elval Vo TAPEL TEPIGGATEPA TOPASEIYUOTO EKTAIOEVLONG,
OAAG PEPIKES POPEG TO VO ThPEL TEPIGGOTEPQ dedopéva ekmaidevons dev Bonda

Eva mpaypo mov propel vo SOKIUACTEL Etvat £va kpOTEPO GUVOAO YOPAKTNPICTIKMV.
'H peyoatepo 6hHVOAO YOpAKTNPLOTIKOV

"H va dokipdotel va mpocsheBouv yopaKTnploTikd TOAVDOVOLO

'H peioon tov A

N avénon A

Opiopéveg amd awtég TS OOKIUES, O vo mhpber éva peyaAddtepo GOVOAO KATAPTIONG 1 T
TEPLGGOTEPA YOPUKTNPIGTIKA UTOPEl va tvar oA ypovofopeg

O oxomdg TG TG EVOTNTAG EIval va E10aYAYEL Lol TEYVIKN Y10l VO ATOKAEIGEL TOAAES amd aVTEG
TIG EMAOYEG.



A&lohoyovtog Tov aryoplOpo

Awyveon pnyavikng pabnong
‘Eva te0t mov pmopet va tpé€et Yoo va amokT0el E1KOVOL Y10 TO Tl SOVAEVEL 1) 0€ OOVAEVEL IE EVAV

aAYOPIOLO INYOVIKNG LABNONGC MGTE VO YIVEL IO KATOVONTO TO TAG VO PEATIOO0VV 01 EMOOCELS TOV.

A&oloydvtog tnv vdbeon

Otav Ba topralovpe pe TIC TOPAUETPOVS TG LAONONG TOL OAYOPIOLOL oG GKEPTOUAOTE YO0 TV
EMAOYY TOV TOPAUETPOV WCOTE VA, ELAYLoTOTOMOEL TO GEAALN ekmaidgvong. Mmopet va. OempnOet
OTL TO VoL TAPOEL Lol TPOYLOTIKY YOUNAN T TOL GOAAUATOG EKTAIOELONC EWVOL KOTL KOAO, OALY L
EMELON UTOPEL 1] VITOOEGN VO EYEL VO TPAYLATIKA YOLUNAO GOAALN aLTO OV onuaivel OTL ivor o
koA vobeon. Avtd sivar Eva Tapdoetypo Tov TdS po vdBeon pmopel va kovel overfit Kot va
AOLVATEL VO YEVIKEVOEL G€ vE TapadelypLaoTaL.

price

\,. > size

= Jil.l'.”{_.f'jl —_ ﬂ“ =t ﬁl.}' -+ ﬂ-_g.']"z

+ 052> + By
[Mmg, Aouwdv, pmopovue va dodue av 1 vdBeon avtr| kavetl overfiting?
Y€ avtd 10 amAd mopadetypa, 1 vodeon pmopel va oyedlacOel, aALd o YEVIKEC YPOUUUES Yo TOL
TPOPAATO LE O TOAAL YOPUKTIPIGTIKG OO £Va, YOPAKTNPICTIKO MG VAV UEYAAO aplOud amd
YOPOKTNPLOTIKA TO Vo 6Yed1dcBeL 1 vITOBEST YiveTal oyedOV advVaTo.
O Khaookog Tpdmog pe Tov agloloyntot pia vrddeon sivol avTdc.




Ag vmobécovpe 6Tt £yovpe £va GHVOAO dedOUEVOV, OTTMOG QVTO

Size Price
2104 400
1600 330
2400 369
1416 232
3000 540
1985 300
1534 315
1427 199
1380 212
1494 243

Ed® éyovpe 6éka mopadetypoto ekmaidevong, 0AAG HTOPOVUE Vo EXYOVUE OEKAOEG 1] EKATOVTAOEG N
YIMBOES.

Evag tpomoc yio va PefoarwbBoduee 6Tt pmopodue va elévEovpe v vmdbeon pog sivor vo
YOPIGTOVV T OEOOUEVA TTOV £XOVUE GE OVO TUNUOTOL.
To 6VOAO EKTAIOELONG KOl TO GUVOAO EAEYYOL

Size Price
2104 400
o |30 L
Aot 1416 232
3000 540
1985 300
1534 315
1427 199
qo:ls 1380 212 | Yot
1494 243 St

[Ipwv amd T d10ipecT TOV GLVOAOV EOOUEVOV TTPEMEL VO, YIVETAL TLYOLO OVOKOTELO TV OES0UEVOV



[Ipota pabaivoope v mopdpetpo ® amd to dedopéva eKTaidevong Kot VToAoyilovue To GEAALN
GUVOLO EAEYYOL

Wit af

i ; ' (i
Jﬁ.‘xi’.{g} = o Z y;.:q:ii ltlg IIH(J:E::ELF} o {1 = yf:ii} l(}g hH{TI:}s!)

S Miest

N Umopovue va kévovpe to ceaipa tagvounong (0/1 error)
Qrre U’\QL“‘) py _Lj) = ‘ W \“’LF) >0%, s QS Ccror
o ¥ ‘(\otﬂ C?_S) a:i
O o‘ljlntruiga,

| - Q) ]
Test error = o ? Q.f‘rU‘\g (\“'l’crt)i \3+ut> -
= { S

napvovtog 1 yio oot vedbeon 1 0 yio t AdBog

Ag vmobécovpe OtL Béhovue vo  amogocicovpe oo Pabud  TOAVOVOHOL TPEMEL VO
YPTCLLLOTOUGOVLE Y10, VO TOLPLAEOVUE LLE TOL OEOOUEVA 1) TTOLXL YOPOKTNPIOTIKE Vo, GLUTEPIAAPOVLLE
N vo EMAEEOVE TNV TN YEVIKEVOTG A .

Avto tpofAnudtov ovopdlovtot TpoPAnpate ETA0YNG LOVTEAOL.

270 TPONYOVLEVO TOPBAOELY L0 VITEPTPOCAPLLOYTG

price

\ size

= hg(x) = 8 + 01 + Oo2*

+ 032> + 42
Ot mopapétpor ® (0), ® (1), ... ® (4) Nrov TOPlOCUEVEG GE éval GUHVOAD dedopévev (cHvoro
EKTOIOEVONG), TO CEAAUN TOV TOPOUETPOV, OTMOC HETPATAL G OoVTA To oedopéva  (AdOog
ekmaidoevong) etvar mlhavo vo etvor YopunAdTepo omd TO TPAYUATIKO GOAAL YEVIKEVONG



Topa ag eEeTGoVUE TV ETAOYT LOVTEAOV
oG Tovpe 0Tt Tpoomabovpe va emléEeovpe oo Babud Tov TOAVOVOUOL VO XPNGULOTOGOVLLE Y10,

Vo TOPLoEOovE T OE00UEVL
helx) =ty + thx

ho(z) = 8y + Bz + a2
hg(x) = 0g + thx + - - + Bga

ho(x) = 8p + 612+ - - - + Oypx!?

€161 OOTE AV VTAPYEL M0 EMTAEOV TOPAUETPOG G aLTOV TOV aAyOplBuo og¢ movpe d mov
AVTITPOCHOTEVEL TO Pafud TOALV®VOUOV
d=\ 1, 2helz) =0y + 0z
22, hg(x) =0y 4+ 0,2 4 fyx®
A3 hplz)=@ 4+ 0+ - + 6323

210, ;ff;':.r'] |r.-i||:| + IG'|.|" m b '|I'.j'||:|:1'|'|':l

éva mphypo mov Bo pmopovoe va ywel givol vo mipovpe 10 tpmdto povtédo (d = 1) kot vo
ELOYLOTOTOINCOVE TO GPAALO EKTOIOEVONG. TALPVOVTAG KATOW0 ToPOUETpOo @ 1 61N cvvéyela va
TAPOLLE TO OEVTEPO LOVTEAOD TTALPVOVTOG KATO GAAT TOPAUETPO B 2

KOl ETELTOL VO VTTOAOYIGOVUE TN GLVAPTNGT KOGTOVG Yo O n TapapUETPOVS Kol Vo, SOVLLE TL LOVTEAO
€xEL TO YOUNAOTEPO OPLO GPAALATOG GOVOAO EAEYYOL

To mpoPAnua elvar 6TL AT dev eivon TpoxeLtal va, elval Pior KOAT EKTIUNGN Y100 TO TOCO KOAN M
vdbeon yevikevel emedn €xovpe Swhégel v mapdpetpo d Y TV KoAOTEPT EKTEAECT GTO
GUYKEKPIUEVO GVVOAO OOKIUNG,.

Aowdv, To TL Tpémel va yiver yia va aglodoynfet o vedeon eivan avrtibeta di1donacn Tov GHVOAOL
dedoUéVmV Gg dV0 OUAdES VO YOPLIOTEL GE TPELG

TO TPAOTO KOUWATL lvarl exkmaidevong To 0eHTEPO KOUUATL Eivat TO GHVOAO ETIKVPMOONE KOl TO TPITO
KOUUATL TO GUVOLO OOKIUNG



Size Price

2104 400 Y
1600 330
(ode 2400 369 T;ﬂ:jq““r
1416 232
3000 540
1985 300
1534 315 & Censy vabidotion
1O 427 199 y sx  Cev)
1380 212
Tl 1494 243 } it

‘Etotl topa, avti va ypnoiponotfel 10 Guvoro dOKIUNG Yoo Vo EMAEYOEL TO HOVTEAD TTPOKELTAL VL
YPNOLOTOMOEL TO GHVOLO ETIKVPMONG

.'I.I.H [J'j' = Ir.llu b U].‘J'
Iri'fj|:_..l":| = H'“ 1 If'.‘lj.f: 4 H_JJ'Z
ﬁ‘fj{.l"jl = +hr+---+ I"'Jl;a.i":1

Fr.”{.r:] = |r.-i||:| + Ir.'l'|.|" = el Ky o ”“]:I_JI]

OV KOTOPYEL TNV OEGUEVGT] TNG O TOPAUETPOV HE TO GLVOAO OOKIUNG KOl £TOL UTOPOVUE VO
XPNOLLOTOWGOVLE TO GUVOAO JOKLUNG Y10l VOL JOVUE OV TO EMAEYHEVO LOVTELO YEVIKEVEL GMOGTA

. Aldyvoon Kot S1oKOILovong

Av 0 aAyopiBuog ekpaBnvong dev atmodidel €101 OTTWG AVAPEVOTAY OXEOOV TTAVTA €ival €TTEION €XEl UWNAN
TPoKATAANWN 1 TPORANKa uwnARg diakuuavan, e GAAa Adyia overfittng i underfiting

2TNV TTEPITITWON auTh €ival TTOAU ONPAVTIKO va KaBopioTel TTola atmd auTég TIG OUO TTEPITITWOEIG, OTNV
TTPAYPATIKOTNTA cUpBaivel aTov aAyopiBuo

AuTo gival éva TTapddelyua TnG uttepTTpocapuoyng r underfitting ota dedopéva



Price

Size

l':'lu -+ ir.ll1 F

AuTo gival éva TTapddelyua TTPOCAPHUOYAS TwY OEO0UEVWY OTTWG Ba ETTPETTE va gival

Price

o
Size

F}” 4 f‘.‘llﬁ‘f 7 F}g.!':z

Kal QuTO €va TTapadelyua TNG uwnAng dlakuuavong ota dedopéva i overfitting

Price

Size

g + 0z + I":l'-‘r.l'2 t Il.;'_'|.|":i t u‘?g.r'l

YmrevBiundete 61 n D avaeépeTal aTo BaBud Tou TTOAUWVUPOU TOU HOVTEAOU QVTITTPOCWITEUCNG.

Kai 6711 T0 AaBog ekTraideuong:

T

\ Jirain(0) = 315 Y _(ho(z®) — y¥)?

Kai 1o AaBog emKUPpWOEIG :

Mew

e (8) = 5y D (ho(ac) — y)?

i=1



error

Frice

Price

Size \—");T., d”?d@greea:afpr:rlwu:umialﬁ\z Size

lNa oevaplo UTTEPTTPOCAPHOYAS IOXUEL:

3 ‘}CL' {6 ]
E (cross validation
= error)
@

%1&5 : Jtruin(ﬂ)

(training error)

!
| b >
&=!  degree o?'pnlw,rnomial d

AaTtoTwvoupe OTI 600 TO OPAAUA ETTIKUPWONG 000 KAl TO OQAAPA TOU GUVOAOU EKTTAIBEUONG TTPOKEITAI VA Eival
uywnAo

Edv o aAy6piBuog 1Tou rdoxel atré uwnAr) diakupavaon IoxUEL:



F cu (3)
cross validation
rror)

. J rain 9
Lie5 ' {téining E:rr)ur]

i

Azt

.

== -
degree :}?‘pulynnmial d

10 6QAALa ™G ekmaidevong Ba etvar yaunAo Kot oe avtiBeomn 1o oA eTKOpmong Ba eivar ToAD
UEYOADTEPO



38.I1poypappatiCovrog eva vevpwviko diktvo oe Octave gnu-Matlab

e ovtn Vv evotnta Ba derybel kmdikog yro Octave gnu n Matlab
Y10 TV VAOTONGT OA®V 0G®V £XEENYNONKAV OVOTEP®.

Ymopyovv 000 €KO0CELG, 1 IO Y10, OVOYVOPLOT] OplOU®V KOl 1| OAA KEQPOAUI®V YPOUUUAT®V TNG
ayyAtkng aA@afntov.

Apyca B YIvel El60ymYn KOOTKO TOV TPMTOL Kol KUPLOV TPOYPOUUTOS (avayvopion aptBumv) Kot
enerta O 0elyBovV 01 AALAYEC TTOV EYIVAV Y10, TNV AVAYVOPLCT] YOPOKTNP®V.(01 GALOYEG VTEG ELVAL
Kuplwg to peyeboc tng ewovog mov eywve amo 20x20 pixels oe 28x28 pixels kot 0 KataAAnAog
KOOIKOG TOV EMITPENEL TNV EIGAYDYN TOV VEOV EIKOVOV(OLTEG Ol EIKOVEG OTO GUYKEKPLUEVO
VEVPWOVIKO OIKTVO EPOGOV EVOL OGTPOLOVPES Bl LITopovcav Vo TEPLEYOLV GYEOOV OTIONTTOTE( Yol
TNV E10AY®YN EVYPOUNG EKOVaS Ba Tpemetl va tponynbet o Komola ene&epyooia TG EIKOVIS 1 v
OO pP®OEL AVTIGTIYO TO SIKTVO)

To mpoypappo EKTELEL TO. PNLOTO. VAOTOUNGNC TOV EYOVV TEPLYPOPEL AVMOTEP® YPNCIULOTOLOVTOS TIG
GLVOAPTNONG TOL EVAL VAOTONUEVEG oTaL £ENG APYELL GTO EENG OPYELDL:
1. NeuralNetMain.m

2. randInitializeWeights.m
3. nn.Costfunction.m

4. fmincg.m

5. DisplayData.m

6. predict.m

7. sigmoid.m

8.

sigmoidGradient.m

A. NeuralNetMain.m ov €vot Kot T0 KUPLOS TPOYPOLLLLLAL.
Edm ywvovrtotl oA To fnpato KaAovTog TIC aVTIGTLYEG GLVOPTNONG.

Al. poptwvovue tov dataset pog to avoakatefovpe Kot 10 Y0wpllovpe oTa dVO(OEV KAVOLLLE
a&lohoynon g vrobeong €dm avtn gxel NoM yvel) To training kai to test set.O dloywpioHOC UTopet
va ywvel kot yopovtog to dataset 60%-40% kot ovo.

A2. Kavovpe apykomoinon to. cuvamtiko Bopn.

A3.ANOVPYOVLE EVOL L0l GUVTOUEVGT] TG GLVOPTNGNG KOGTOVGS YOl VO TV TEPAGOVLE GOV
TOPOUETPO GTOV OAyoplOpo BeATioTOTOMGONC.

A4.Tpeyovpe Tov alyopiOuo PeAtioTomomongc.

AS. E€ayovpue ta vea cuvantika oprn mov BYaAE 1 EKTAIOELGON TOV SIKVLTOV.

A6. Kaiovpe ™ ovvaptnon DisplayData yio vo Topovpe o E1Kove, Tov Tt ELAETE TO SIKTLO

A7.Tpeyovpe ) ovvaptnon predict Tov eEayel To OMOTEAEGLOTO TOV ERYOAE TO VELPOVIKO
owvto (pe Paon ta Papv mov e€ayape oto AS)

A8.Zvykpwvovpe 10 TL gfyade M cvvaptnorn predict LE TO TPOYUATIKO OTOTEAEGUOTO TOL
dataset woTE v SOVLE LE TL AKPIPELD EMTVYYOVEL TNV TPOPAEYT TOV TO VEVPMOVIKO LOG OKTVLO.



NeuralNetMain.m

%% Initialization
clear ; close all;

%% Setup the parameters you will use for this exercise
input_layer size =400; % 20x20 Input Images of Digits
hidden layer size = 25;% 25 hidden units

num_labels = 10; % 10 labels, from 1 to 10

% (note "0" is mapped to label 10)

%% Part 1: Loading and Visualizing Data

% We start by first loading and visualizing the dataset.
% You will be working with a dataset that contains handwritten digits.
%

% Load Training Data
fprintf('Loading and Visualizing Data ...\n")

load('"NeuralDataset.mat');
m = size(X, 1);

% Randomly select 100 data points to display
sel = randperm(size(X, 1));

sel = sel(1:100);

size(X)

K = [ones(size(X,1), 1) X];
K(1:size(y,1),1)=y;

X = K(randperm(size(K,1)),:);
y=X(1:(size(X,1)/2),1);
X1=X(1:(size(X,1)/2),2:end);

X2=X((size(X,1)/2):end,2:end);
Y2=X((size(X,1)/2):end,1);
X=X1;

size(X)

size(y)

size(X2)

size(Y2)

fprintf('"Program paused. Press enter to continue.\n');
pause;

%% Part 6: Initializing Pameters



fprintf("\nInitializing Neural Network Parameters ...\n")

initial _Thetal = randInitializeWeights(input_layer size, hidden_layer size);
initial Theta2 = randInitializeWeights(hidden layer size, num_labels);

% Unroll parameters
initial nn_params = [initial Thetal(:) ; initial Theta2(:)];

%% Part 8: Training NN

%
fprintf("\nTraining Neural Network... \n')

options = optimset('Maxlter', 50);

lambda = 1;

% Create "short hand" for the cost function to be minimized
costFunction = @(p) nnCostFunction(p, ...
input_layer_size, ...
hidden layer size, ...
num_labels, X, y, lambda);

% Now, costFunction is a function that takes in only one argument (the
% neural network parameters)

fprintf('"Program paused. Press enter to continue.\n');
pause;

lambda =1;
[nn_params, cost] = fmincg(costFunction, initial nn_params, options);

Thetal = reshape(nn_params(1:hidden layer size * (input_layer size + 1)), ...
hidden_layer size, (input_layer size + 1));
Theta2 = reshape(nn_params((1 + (hidden layer size * (input layer size +
1))):end), ...
num_labels, (hidden layer size + 1));

fprintf("\nVisualizing Neural Network... \n')
displayData(Thetal(:, 2:end));

fprintf("\nProgram paused. Press enter to continue.\n');
pause;



pred = predict(Thetal, Theta2, X);

fprintf("\nTraining Set Accuracy: %f\n', mean(double(pred ==y)) * 100);
pred = predict(Thetal, Theta2, X2);

fprintf("\n Test Set Accuracy: %f\n', mean(double(pred == Y2)) * 100);

end



randInitializeWeights.m
function W = randInitializeWeights(L_in, L. out)

W = zeros(L_out, 1 + L _in);

epsilon_init = 0.12;
W =rand(L out, 1 +L in) * 2 * epsilon_init - epsilon _init;

end

nn.Costfunction.m

function [J grad] = nnCostFunction(nn_params, ...
input_layer size, ...
hidden_layer size, ...
num_labels, ...
X, y, lambda)

%

% Reshape nn_params back into the parameters Thetal and Theta2, the weight matrices
% for our 2 layer neural network
Thetal = reshape(nn_params(1:hidden_layer size * (input layer size + 1)), ...

hidden layer size, (input layer size + 1));

Theta2 = reshape(nn_params((1 + (hidden_layer size * (input layer size + 1))):end), ...
num_labels, (hidden layer size + 1));

% Setup some useful variables
m = size(X, 1);

% return the following variables correctly
J=0;

Thetal grad = zeros(size(Thetal));
Theta2 grad = zeros(size(Theta2));

Al = [ones(m, 1) X];
A2=[ones(m, 1) 1./(1.+exp(-A1*Thetal"))];
A3=1./(1.+exp(-A2*Theta2"));



for i=1:num_labels; %Transforms y into a m*num_labels matrix of 1s and Os
c(,D)=(y==1);
endfor

J = 1/m*sum(sum(-c.*log(A3)-(1-c).*log(1-A3))); % Without Regularization
REG = sum(sum(Thetal(:,2:end).”2)) + sum(sum(Theta2(:,2:end)."2));

J= ]+ (REG*lambda/(2*m) ) ;

fori=1:m
al =[1, X@, :)];
z 2 =Thetal * al’;
a2 =[1; sigmoid(z_2)];
z 3 =Theta2 * a2;
a3 = sigmoid(z 3);
yi = 1:size(Theta2,1);
yi=(yi == y(1));
delta3 = a3 - yi';

delta2 = (Theta2' * delta3)(2:end) .* sigmoidGradient(z_2);

Thetal grad +=delta2 * al;
Theta2 grad += delta3 * a2';
endfor
Thetal grad /=m;
Theta2 grad /= m;

Thetal grad(:,2:end)=Thetal grad(:,2:end)+(lambda*Thetal(:,2:end)/m);

Theta2 grad(:,2:end)=Theta2 grad(:,2:end)+(lambda*Theta2(:,2:end)/m);
%

%

% Unroll gradients
grad = [Thetal grad(:) ; Theta2 grad(:)];

end

fmincg.m

function [X, fX, i] = fmincg(f, X, options, P1, P2, P3, P4, P5)



% Read options
if exist('options', 'var') && ~isempty(options) && isfield(options, 'MaxIter')
length = options.MaxlIter;

else
length = 100;
end
RHO =0.01; % a bunch of constants for line searches

SIG=0.5; % RHO and SIG are the constants in the Wolfe-Powell conditions
INT=0.1; % don't reevaluate within 0.1 of the limit of the current bracket

EXT=3.0; % extrapolate maximum 3 times the current bracket
MAX = 20; % max 20 function evaluations per line search
RATIO = 100; % maximum allowed slope ratio
argstr = ['feval(f, X']; % compose string used to call function

for i = 1:(nargin - 3)

argstr = [argstr, ',P', int2str(1)];
end
argstr = [argstr, ')'];

if max(size(length)) == 2, red=length(2); length=length(1); else red=1; end
S=['Tteration '];

1=0; % zero the run length counter
Is_failed = 0; % no previous line search has failed
X =1
[f1 df1] = eval(argstr); % get function value and gradient
1 =1+ (length<0); % count epochs?!
s = -dfl; % search direction is steepest
dl = -s'*s; % this is the slope
zl =red/(1-dl); % 1nitial step is red/(|s|+1)
while 1 < abs(length) % while not finished
1 =1+ (length>0); % count iterations?!
X0 = X; f0 = f1; df0 = dfl; % make a copy of current values
X=X+zl*s; % begin line search
[f2 df2] = eval(argstr);
1 =1+ (length<0); % count epochs?!
d2 = df2'*s;
f3=1l;d3 =dl; z3 = -zl; % 1nitialize point 3 equal to point 1
if length>0, M = MAX; else M = min(MAX, -length-i); end
success = 0; limit =-1; % initialize quanteties
while 1
while ((f2 > f1+z1*RHO*d1) | (d2 > -SIG*d1)) & (M > 0)
limit = z1; % tighten the bracket
if £2 > fl1
z2 =73 - (0.5*d3*z3*Z3)/(d3*z3+12-13); % quadratic fit
else
A = 6*(12-13)/z3+3*(d2+d3); % cubic fit

B = 3%(f3-f2)-z3*(d3+2*d2);



72 = (sqrt(B*B-A*d2*z3*z3)-B)/A; % numerical error possible - ok!
end
if isnan(z2) | isinf(z2)

z2 = 73/2; % 1f we had a numerical problem then bisect
end
z2 = max(min(z2, INT*z3),(1-INT)*z3); % don't accept too close to limits
zl =z1 +72; % update the step
X=X+ z2%s;
[f2 df2] = eval(argstr);
M =M - 1;1=1+ (length<0); % count epochs?!
d2 = df2'*s;
73 = 73-72; % z3 is now relative to the location of z2
end
if 2 > f1+z1*RHO*d1 | d2 > -SIG*d1
break; % this is a failure
elseif d2 > SIG*d1
success = 1; break; % success
elseif M == 0
break; % failure
end
A = 6*(f2-13)/z3+3*(d2+d3); % make cubic extrapolation

B = 3*(13-12)-z3*(d3+2*d2);
72 = -d2*z3%*z3/(B+sqrt(B*B-A*d2*z3*23)); % num. error possible - ok!
if ~isreal(z2) | isnan(z2) | isinf(z2) | z2 <0 % num prob or wrong sign?

if limit <-0.5 % if we have no upper limit
z2 =71 * (EXT-1); % the extrapolate the maximum amount
else
z2 = (limit-z1)/2; % otherwise bisect
end
elseif (limit > -0.5) & (z2+z1 > limit) % extraplation beyond max?
z2 = (limit-z1)/2; % bisect
elseif (limit <-0.5) & (z2+z1 > z1*EXT) % extrapolation beyond limit
z2 = z1*(EXT-1.0); % set to extrapolation limit
elseif z2 < -z3*INT
z2 = -z3*INT;

elseif (limit > -0.5) & (z2 < (limit-z1)*(1.0-INT)) % too close to limit?
z2 = (limit-z1)*(1.0-INT);

end
3 =12;d3 =d2; z3 = -z2; % set point 3 equal to point 2
zl =71 +22; X =X + z2%s; % update current estimates
[f2 df2] = eval(argstr);
M =M - 1I;1=1+ (length<0); % count epochs?!
d2 = df2'*s;

end % end of line search

if success % if line search succeeded

fl =12; X =[fX" 1]

fprintf("%s %41 | Cost: %4.6e\r', S, 1, f1);

s = (df2'*df2-df1'*df2)/(df1'*df1)*s - df2; % Polack-Ribiere direction
tmp = dfl; dfl = df2; df2 = tmp; % swap derivatives

d2 = dfl'*s;

ifd2>0 % new slope must be negative



s = -dfl; % otherwise use steepest direction
d2 = -s'*s;
end
z1 = z1 * min(RATIO, d1/(d2-realmin)); % slope ratio but max RATIO
dl =d2;
Is_failed = 0; % this line search did not fail
else
X = XO0; f1 =10; df1 = df0; % restore point from before failed line search
if Is_failed | 1 > abs(length) % line search failed twice in a row
break; % or we ran out of time, so we give up
end
tmp = dfl; dfl = df2; df2 = tmp; % swap derivatives
s = -df1; % try steepest
dl = -s'*s;
zl = 1/(1-d1);
Is_failed = 1; % this line search failed
end
if exist(OCTAVE_VERSION')
fflush(stdout);
end
end
fprintf("\n');

DisplayData.m

function [h, display array] = displayData(X, example width)
%DISPLAYDATA Display 2D data in a nice grid

% [h, display array] = DISPLAYDATA(X, example width) displays 2D data
% stored in X in a nice grid. It returns the figure handle h and the

% displayed array if requested.

% Set example width automatically if not passed in

if ~exist('example width', 'var') || isempty(example width)
example width = round(sqrt(size(X, 2)));

end

% Gray Image
colormap(gray);

% Compute rows, cols
[m n] = size(X);
example height = (n / example width);

% Compute number of items to display
display rows = floor(sqrt(m));
display cols = ceil(m / display rows);

% Between images padding
pad = 1;

% Setup blank display



display array = - ones(pad + display rows * (example height + pad), ...
pad + display cols * (example width + pad));

% Copy each example into a patch on the display array
curr ex = 1;
for j = 1:display_rows
for 1 = 1:display cols
if curr_ex > m,
break;
end
% Copy the patch

% Get the max value of the patch
max_val = max(abs(X(curr_ex, :)));

display array(pad + (j - 1) * (example height + pad) + (1:example height), ...

pad + (i- 1) * (example width + pad) + (1:example width)) = ...
reshape(X(curr_ex, :), example height,
example width) / max_val;
curr ex =curr_ex + 1;

end
if curr_ex > m,
break;
end
end
% Display Image

h = imagesc(display_array, [-1 1]);
% Do not show axis
axis image off

drawnow;

end



predict.m

function p = predict(Thetal, Theta2, X)

m = size(X, 1);

num_labels = size(Theta2, 1);

p = zeros(size(X, 1), 1);

h1 = sigmoid([ones(m, 1) X] * Thetal");
h2 = sigmoid([ones(m, 1) h1] * Theta2'"),
[dummy, p] = max(h2, [], 2);

end

sigmoid.m

function g = sigmoid(z)

g=1.0./(1.0 + exp(-2));
end

sigmoidGradient.m
function g = sigmoidGradient(z)
g = zeros(size(z));

g = sigmoid(z) .* (1 - sigmoid(z));

end



Ot AMharyeg OV YIVOVTOL Y10 TV OVAYVOPLOT] YOPOUKTIP®V EVOL 1) €ENg:
Ewayete n ovvaptmon InputData ywr 1t duvatomnto €lcaymyng TOAA®MV YOPOKINP®V Yo TN
onuovpywr evog Dataset. H ovvaptnon avtn owPalel cvvexeln eva apyelo ewovog( my
Example.png) elevyel mooa ypappoto vrapyovv( avaroyo pe to peyedog Tig eikovag(kabe ypappo
Bewpette T etvon 28x28 pixels) amiwvel ta pixels 6e ypappeg Kot to amodnkKevel 6 Eval apyEL0
MOTE VO UTOPEL VO TTOPEL TOL OEGOUEVO., TO OIKTLO.

function

while(1)

fprintf("\n press
Q=input('input’);

if

break;

else

end
pit=imread('"Example.png');

si=size(reshape(pit,1,[]))

si=size(reshape(pit,1,[]),2)

ri=1;

1j=784;

if

fprintf("\n more
fprintf('Program paused.
pause;

letters=si/784

fprintf("\n Lo
i=1;

size(pit)

pit=reshape(pit,1,[]);

size(pit)

for

new(i,:)=pit(1,ri:rj);

ri=rj+1;
1j=rj+784;
fprintf('letter

fprintf(’ Press
pause;

InputData.m

to

than
Press

than

enter

stop
one
enter
one
saved
to

p=inputtest()
the process\n');

—=0

si>784
letters\n');
to load.\n');

letters\n');

i=1:letters

\n');

load.\n");



endfor

dlmwrite('Dataset.txt',new,'-append', newline','pc');

p=new;
elseif si<=784
fprintf("\n one letter\n');
fprintf('Program paused. Press enter to load.\n");
pause;

dlmwrite('Dataset.txt',pit,"-append','newline',"pc');
p=pit;
endif

end
end

Ewcayeton emong n cvvaptnon TrainChar n onowa dtvel T duvOTOTNTO OLPOL TO VELPMOVIKO JIKTLO
€XEL EKTOUOEVTN VO TOV OMGOLLE L0 VEO EIKOVO KOl VO OOVUE TNV KOTOAUBOIVEL TO IKTVO TG
EvaL.

TrainChar.m

function p=TRAINCHAR()
pit=imread('Example.png');

si=size(reshape(pit,1,[]))

si=size(reshape(pit,1,[]),2)

ri=1;

1j=784;

if si>784

fprintf("\n more than one letters\n');
fprintf('"Program paused. Press enter to load.\n");
pause;

letters=s1/784

fprintf("\n more than one letters\n');
i=1;

size(pit)

pit=reshape(pit,1,[]);

size(pit)

for i=1:letters

new(i,:)=pit(1,ri:1j);



ri=rj+1;
1j=rj+784;
fprintf('letter saved \n');

fprintf(' Press enter to load.\n');
pause;

endfor

dlmwrite('"Example.txt',new);
p=new;

elseif si<=784

fprintf("\n one letter\n');

fprintf('Program paused. Press enter to load.\n");
pause;

dlmwrite('Example.txt',pit);

p=pit;

endif

end

H onuavrtikotepeg addayeg yivovtor 6to Kupto tpoypappa . Exel addalet to peyebog tov e€0d0mv
TOV JIKTVOL (GLYKEKPLUEVO TP V1oL T YpopLpLata yvovton 26). Emiong dnpovpyette  duvatotnta
ol TO OIKTVO Kavel pia Aafog TpoPAeyel va toayHel amo To ¥p1oTN 1| COGTI ATAVTNOT KOl VoL
ocwBet 610 Training set yio. LEALOVTIKT ¥pNOT).

[Ipocoyn, GTO GUYKEKPLUEVO TPOYPOLLULLO TO. VTIKELLEVO TOV KOAELTOL TO VEDPOVIKO OIKTVLO VoL
OVOYVOPLGEL UTOPOVV VO avTIoTLYOoVY HOVO LE aptBove(Ty 6TO GUYKEKPLLEVO TOPOUOELYLLOL LLE TOL
ypappoatoa to kabe ypappa avtiotyolete pe gvov apipo. AL 1=A,2=B,3=G....26=Z



NeuralNetMainChar.m

%% Initialization
clear ; close all; clc

input_layer size =784; % 28x28 Input Images of Digits
hidden_layer size =25; % 25 hidden units
num_labels = 26; % 10 labels, from 1 to 10

% (note that we have mapped "0" to label 10)

fprintf("\nlnitializing Neural Network Parameters ...\n")

initial Thetal = randlInitializeWeights(input layer size, hidden layer size);
initial Theta2 = randInitializeWeights(hidden_layer size, num_labels);

initial nn_params = [initial Thetal(:) ; initial Theta2(:)];

fprintf("\nTraining Neural Network... \n')
while(1)

fprintf("\press enter to begin... \n")

pause;

options = optimset('MaxlIter', 50);

% You should also try different values of lambda
lambda = 1;

data=load('"ExampleTrainingset.txt');

size(data)

y=data(:,1);
X=data(:,2:end);

costFunction = @(p) nnCostFunction(p, ...
input_layer size, ...
hidden_layer size, ...
num_labels, X, y, lambda);

[nn_params, cost] = fmincg(costFunction, initial nn_params, options);



Thetal = reshape(nn_params(1:hidden_layer size * (input layer size + 1)), ...
hidden layer size, (input layer size + 1));

Theta2 = reshape(nn_params((1 + (hidden_layer size * (input_layer size + 1))):end), ...

num_labels, (hidden layer size + 1));

pred = predict(Thetal, Theta2, X);
fprintf("\nTraining Set Accuracy: %f\n', mean(double(pred ==y)) * 100);

[p][=TRAINCHAR;
data2=load('Exampletest.txt');

pred = predict(Thetal, Theta2, data2);
pred=pred'

letters=size(p,1);

pit=reshape(p,28,28*letters);

if letters==
fprintf("\n was the prediction correct ?.\n")

fprintf("\n press 1 if it was or 0 if it wasnt now.\n')
Q=input('input’);

if Q==

CH = [ones(letters, 1) p];

CH(1)=pred,

K=CH(1);
dlmwrite('ExampleTrainingset.txt',CH,'-append','newline','pc");
fprintf("\n the character is now saved for future usage.\n");
fprintf('Program paused. Press enter to load.\n");

pause;

else

fprintf("\n please enter the correct number now .\n');

Q=input('input’);

CH = [ones(1, 1) p];
CH(1)=Q;
fprintf("\n the number you entered was.\n")



Q

fprintf("\n procced and saving this number to database? .\n')

fprintf("\n press 1 to save 0 to abord .\n");

Q=input('input’);

if Q==
dlmwrite('"ExampleTrainingset.txt',CH,'-append', newline','pc');
fprintf("\n the character is now saved for future usage.\n');
endif

endif

% word:
elseif letters>=1

fprintf("\n press 1 if it was or 0 if it wasnt now.\n")

Q=input('input’);
pause;
if Q==1

ri=1;
1j=784;
new=zeros(letters,784);

new=p;
CH = [ones(size(new, 1), 1) new];
size(new);
size(CH);

CH(1:letters,1)=pred;

K=CH(1:letters,1)’;

dlmwrite('ExampleTrainingset.txt',CH,'-append', newline','pc');
fprintf("\n the character is now saved for future usage.\n');

fprintf("\n the characters of the word are now saved for future usage.\n')

fprintf('Program paused. Press enter to load.\n");
pause;

else

fprintf("\n please enter the correct numbers now .\n');
ri=1;

1j=784;

new=zeros(letters,784);



new=p;

end

CH = [ones(size(new, 1), 1) new];

size(new);
size(CH);
for i=1:letters

fprintf("\n enter the next number .\n');
Q=input(‘input');

CH(,1)=Q;

fprintf("\n the number you entered was.\n")

Q
pause;

endfor

CH(,1);

size(CH);

fprintf("\n procced and saving this number to database? .\n')

fprintf("\n press 1 to save 0 to abord .\n');

Q=input('input');
pause;

if Q—

dlmwrite('ExampleTrainingset.txt',CH,'-append','newline','pc');
fprintf("\n the character is now saved for future usage.\n");

fprintf("\n the characters of the word are now saved for future usage.\n');
endif

endif
%
endif




4.00myog v TV gykatactootn Tov Octave gnu g Asttovpyiko Windows.

1. KoarePaote to Octave amo to http://s3.amazonaws.com/mlclass-resources/software/Octave-
3.2.4 1686-pc-mingw32_gcc-4.4.0_setup.exe

2. Tpe&te T0 0py€lo KOt 6TO TOPaBLPO TOL B ELPAVIGTEL Y10 VOL TOV EMTPEYETE VO, KAVEL
aALOYEG GE OLTOV TOV VTOAOYIGTEL TaTNoTeE YES

3. Zta emopeva 6vo tapabvpa matnote NEXT

{51 GNU Octave 3.2.4 Setup

Welcome to the GNU Octave 3.2 4
Setup Wizard

This wizard will guide you through the installation of GNU
Octave 3.2.4.

It is recommended that you close all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Mext to continue.

License Agreement

Please review the license terms before installing GNU Octave 3.2.4.

Press Page Down to see the rest of the agreement.

GNU GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.org/>
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

The GNU General Public License is a free, copyleft license for
software and other kinds of works.

Click Mext to continue.

Cancel



http://s3.amazonaws.com/mlclass-resources/software/Octave-3.2.4_i686-pc-mingw32_gcc-4.4.0_setup.exe
http://s3.amazonaws.com/mlclass-resources/software/Octave-3.2.4_i686-pc-mingw32_gcc-4.4.0_setup.exe

4.Edm pmopette va dtaelete mieg fipAodnKes vo eyKATOGTNGETE.
T'a To vevpoviko pag Siktvo povo 1 PipAtobnkn image pag xpelalete.

C=TE X

Choose Components

(RN

Choose which features of GNU Octave 3.2.4 you want to install.

Review the components that will be installed. Click Install to start the installation.

Review the components that —gpc o e
will be installed. [ gsl SSE/SSE2 enabled
MIND: The appropriate - [ident FFT3W
ATLAS Libraries for this M
machine have already been : . EI
selected by the installer. -+[[] informationthe
CHANGE ONLY WITH -] integration
CAUTION -[]io
-[]irsa

Space required: 338.5MB ~[]java hd

< [ 1 »

Mullzoft Install System v2.45

< Back | Next = I Cancel

5.2to enopevo mapabupo emireEte Install
[EEEE—

Choose Start Menu Folder
Choose a Start Menu folder for the GNU Octave 3.2.4 shortcuts.

iy,

<

Select the Start Menu folder in which you would like to create the program's shortcuts. You
can also enter a name to create a new folder.

GNU Octave 3.2.4]

Accessories
Administrative Tools
ArcSoft Connect

ArcSoft Medialmpression
FileZilla Server

Games

Ghostgum

Ghostscript

GNU Octave 3.2.4
Google Chrome

id Software -

1

[ Do not create shortcuts
Mullzoft Install Systerm v2.45

< Back | Install I Cancel

Twpa Ba mpenet va apyioet | eykatactact. Otav teleiwoetl motnote finish.




Av tpeéete o mpoypappa Ba dette gva tepPAAiov cav Kol 0VTO.

Eﬂcxuwe .

IGNU Octave, version 3.2.4

Copyright (C) 2809 John W. Eaton and others.

This is free software; see the source code for copuying conditions.
There is ABSOLUTELY MO WARRANTY:; not even for MERCHANTABILITY or
FITMESS FOR A PARTICULAR PURPOSE. For details, type warranty'.

Octave was configured for “iB8G-pc-mingw32”.
[

| lrdditional information about Octave is available at http://www.octave.org.

Please contribute if you find this software useful.
For more information, wvisit http://www.octave.org/help-wanted.html

Report bugs to <{bugRoctave.orgr (but first, please read
!'http:Ifuww.uctaua.urgfhugs.html te learn how to write a helpful report).
[

For information about changes from previous versions, type news’.

octave-3.2.4%. exe: 1> _

Tov K®OKA Y10 TO VEVPMOVIKO OIKTLO UTOPELTE VO TOV EXETE GE VA PakeL0 ag movpe Nnfolder
EKEL WTOPELTE VOL EXETE TO. OPYELDL LLE TIC GUVOPTIOELG KOL TO KUPLOG GO TPOYPOLLLLOL.

Tov k®wdKa, UTOPELTE VAL TOV El0AYETE 0 omotodnote text editor(notepad,wordpad,notepad++
KATL..) KOL OTAQL TO OTOONKEVETE LLE TNV KATAALEN .m

Eneita 010 commandline tov Octave ypagete to filepath tov apyeiov (my cd
'C:\Users\teipeir\Documents\Nnfolder")

KOl YPOUPETE GTNV ETOUEVT YPOLUN TN cLvapTnoT oL Oedete va kahesete (y NeuralNetMain 1)
InputTestSet)
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