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Iepiinyn

AVO TOAD ONUOVTIKA EMOTNHOVIKAE TTedia, avtd TG YToloytotikig Nonpoovvng kot
TOV  YTOAOYIOTIKOV Mafnuatikdv, evoeikvuviol yio TNV OTOTEAEGULOTIKY KOl
ATOJOTIKY| OVTILETAOTIOT) GOVOETMV TPOPANUATOV TOL TPAYHOTIKOD KOouov. Me Bdon
aLTA T EMOTNHOVIKA TTedia £xel avamtuyOel Eva evph Acpa LeBId®V Kot TEYVIKAOV Ot
OTOIEC GLYKEVIPMVOLV TNV TPOCOYN 1TNG EMGTNUOVIKNG KOwdtntos. AvTO 7oL
napoTnpeitar cuyva elvarl S1apopot aAyOPIOLOL KOl TEXVIKES TPOCAPUOGUEVESG GE £Vl
OLYKEKPIUEVO TTPOPANUO, Ol omoieg dev pmopovv vo avTamokplfovv eEicov KaAd og
dAha, moapepeepn mpoPAnuata. H «ovvepyion tov 600 mopomdved ETIGTNUOVIKGOV
nedimv pmopei vo odnynoet oty podnuatiky Oeperioon alyopibumv yio v a&omo
OVTILETOTION HLOG TANODOPOC TOPEUPEPDV TPOPANUATOV.

H Ynoloyiotikr) Nonpocsivn g vEog ETGTNHOVIKOG KAGOOG, TEPTYPAPEL VTTOAOYIOTIKES
puebooovg, ot omoieg peTaED TOV AAA®V, gUmVEOVTOL OO QLOIKA Kot PloAoyikd
GLGTHLLOTA KoL dUVATOL VO GUVOVAGEL EMGTNHOVIKOVG TOUEIS, 0TS To. YTOAOYIGTIKA
MoOnpatikd kot v Emomun tov YToAoy1oT®V, £(0VToG ETEKTAGELS KOl EQAPLOYES
oxedOV 6€ GAOVG TOVG TOLEIG TV EMOTNUAOV Kot TNG TeXVoLoYiag. Ot adydpiBpot kot o
LOVTEAQ TTOV GUVOVTAOVTOL GTOV TOUEN TNG Y TOAOYIGTIKN G NOMHOGUVNG KOl £X0VV TIG
Baoelg Toug oe pnebddovg Twv Yroroyiotikedv Madnpatikdv (ApBuntikng EniAvong
Yuvnbov Awgopikdv E&lohoemv), omoteAodv éva ONUAVTIKO HEPOG OLTNG NG

STpIPng.

[ToAAEG Kot O10POPETIKEG EPAPLOYEG TOV ATTOVTIOL GE OPKETOVG TOUELG TNG EPELVAG KO
™G teyvoloyiog epeavifovior 1 UTOpoLV VO OVTILETOTIOTOVV MG TPOPANUATO
BeAtiotonoinong. Apketég puébodor g Ymoroyiotikng Nonpoovvng, Pacilovtarl ce
po eikn kKAdon pebodwv Pektiotomoinong mov mephapPavel T UEAETN KOl TN
OepeMmoon vroloyloTikdv peBdd®V, o1 omoileg OVTIHETOMILOVV OTOTEAEGLOTIKA
dVoKOAN TPOPANLATA TOV PLGIKOD KOGHOL. AVLTEG 01 HEB0dOL fvat TOAD GNUOVTIKES,
kabmg mpooeyyilovv mpofAnuata Beltiotomoinong ywpic mepropiopots, kTt mov
EVPEMG CLVOVTIATAL GE JLAPOPO TPOPANUOTA TNG EMCTAUNG KOl TNG TEYVOAOYIOGC.
Emumiéov, AOy®m Tov €0pOovg TOV EQOPUOYDV, Kol KLpIwg NG avamtuéng vémv
TEYVOLOYIDV, Exovv avamtuyBel mpoPfAnuata mov emilntovv AVomn Kot GTTOVIOL GE
drapopeTikd oM Beltiotomoinong, 6nwe n moAv-aviikelpeviky] BeAtiotomoinon kot n



BeAtiotonoinon pe meplopiopovs. o v mpocéyyion ovtdv TV OOGKOAMV
mpofAnudtov, ypnoipomoovvror pébodor g Ymoroyiotikng Nonmpoouvvng kot
E0IKOTEPA TEYVIKEG Kot 0AYOP1OLOL TOV aviiKoLV 6TOV Topéa TG Mnyavikng Mdabnong
ko TV Teyvntov Nevpovik®v Aiktowmv.

Y10, TAoio1L0 TG TOPATAVE® GUVEPYATIKNG OVTILETOTIONG, £ivol amapaitntn n peAém
TOV TPOUTOLTOVUEVOV QVTAOV TV ahyopiBuwv. 'Etot, mpv v €poapuoyn avtdv tov
TEYVIKAOV, €ival avoykaio 1 TPoepyacio Kot TPOETOAGio. ToV dlafEGIov GuVOLOL
JedOUEVMV TTPOKEIUEVOD VO OnpovpynBodv a&ldmioto Hoviéla pe Ko amddooT Kot
KOATN KovoTnTa yevikevong. Katomy, avtég ot puébodot pmopoiv vo epoprocTovV Kot
VO AVTILETOTIGOVY TPOPANUATO TOV ATTOVTOL GE APKETOVS TOUEIS TNG EMGTAUNG, OTMG,
HETOED TV GAA®V, 1| UNYOVIKT, 1| QUOIKY], N Broloyio, To padnpatikd, 1n TPk, N
EMOTAUN TOV VTOAOYIGT®V, 1 Prounyovio, 1 HOLCIKH, 1 owovouio, Kot 1
KPLITOYPAPiOL.

2t ovyyxpovn BipAoypagio mopovcidletar €va tepdotio mANB0g odyopiBumv Kot
TEYVIKADV TOL ATTOVTOL GTIG TOpamdve Kotevduveelc. lapoia avtd n TAeloyneio Tovg
aQopa £Va GLYKEKPIUEVO TANIG10, TO OTOT0 EIVOL TPOCUPUOGIEVO GTIS OMALTIOEL TOL
ekdotote mpoPAnuatog. Xvvnbmg meplopilovial G€ OTOTIOTIKA HOVTEAN KOl OF
TAPOUETPOVG TTOV EPUNVEVOLV £V CLYKEKPIUEVO TPOPANUO, amokAgiovtag €161, TNV
EMLTUYN EPAPUOYN GE OTOLOINTOTE GALO TPOPANLA 1) AKOLO Kot 6TO 110 TPOPANULL LE
SpopeTikég mapopétpoug. Mo afdmotn Avon oe avtd to peilov mpoPAnua
TapEXETAL LEC® TNG AVATTLUENG oAyopiBumy pe podnuatikn Oepeiioon Kot avotnpn
pofnupoatiky tekpumpioon pe onddeén. Evog adyopiBpoc pe oyvpd padnpotikd
voPabpo umopet va ypnoomoindel oe mEPIOGOTEPEG EPAPLOYES HE UEYOADTEPT
emroyia.

Ymv apyn ovty ompiletor o mopnvag ™ OTpng, ONAad ot HoONUOTIKY
OepeMoon alyoplOuikdv texviK®V, ot omoieg Oa amevBuvovtor oe pio mAEGO
TPOPANUAT®V, GUVEICOEPOVTOS OTNV EMGTNHOVIKY PipAtoypagia avoapopikd pe v
ovvepyla ™G Ymoloylotikiig Nonpoovuvng kot T@vV YTOAOYIGTIKGOV MoOnpatik®y.
[Tiotevovpe Ko TPosdokovpe OTL GTNPLOUEVOL OTA OMOTEAECUATA TG STPIPNS
umopovv va, dnuovpynbdovdv pébodot ot omoieg Ba ddGovv TN duvvatdTHTO GE
EMOTLOVEG GAL®DV TTEPLOYDV VO AVTILETOTIGOVV [ adlomiotion Heyaing KAlpokog Kot
TOALTAOKOTNTOG TTpoPAnpata, to omoia eu@oviloviol cuyvd cg €peLVNTIKOVS Kot
EPAPLOCUEVOVG TOUEIS TOL EUTOPIOV, TNG OIKOVO LTS KoL TNG Propumyoviog, Le Tpoeav|
OQEAT).
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Abstract

Two very important scientific fields, namely, the Computational Intelligence and the
Computational Mathematics, are useful for tackling efficiently and effectively complex
real-world problems. A variety of methods and techniques have been developed based
on the two aforementioned scientific fields, attracting the attention of the scientific
community. It is often observed that, various algorithms and techniques are adapted to
a particular problem without being able to respond equally well to other similar
problems. The “synergy” of these two disciplines can provide mathematical algorithms
in order to reliably deal with a plethora of problems.

The new scientific field of Computational Intelligence describes computational
methods that are inspired, among others, by nature and biological systems and that can
combine scientific fields, such as Computational Mathematics and Computer Science,
having in their turn several extensions and applications in science and technology. The
algorithms and the models that belong to the field of Computational Intelligence and
are based on Computational Mathematics (Numerical Solution of Ordinary Differential
Equations) constitute the main issue of the present thesis.

A great variety of applications related to several areas of research and technology arise
or can be addressed as Optimization problems. Several methods of Computational
Intelligence refer to a specific class of optimization methods that involves the study and
the creation of computational methods which effectively deal with difficult real-world
problems. These methods are very important since they are approaching optimization
problems which are common in most problems. Nevertheless, due to numerous
applications, and in particular due to the development of new technologies, problems
have been emerged that require solution and are related to different kinds of
optimization, such as multi-objective or constrained optimization. To handle these
difficult problems, Computational Intelligence methods are used, and in particular
techniques and algorithms that belong to the field of Machine Learning and Atrtificial
Neural Networks.

In the context of the above synergetic approach, it is necessary to study the prerequisites
of these algorithms. Thus, before applying these algorithms, it is necessary to prepare
and preprocess the available data set in order to create reliable models with good
performance and good generalization ability. Then, these methods can be applied to
tackle problems in several fields, such as engineering, physics, biology, mathematics,
medicine, computer science, industry, music, economics, and cryptography, among
others.

In current scientific literature can be found great deal of algorithms and techniques
related to the above issues. However, the majority of them which are related to a
specific framework is tailored to the requirements of this problem. The algorithms are
usually limited to probabilistic or statistical models and parameters that describe a
particular problem, excluding the successful application to any other problem or even
to the same problem with different parameters. A reliable solution to this major issue is



provided by the development of algorithms having mathematical foundations and
rigorous mathematical justification provided by a proof. An algorithm with a strong
mathematical background can be used in many applications with great success.

The present thesis is based on this discipline, namely the mathematical foundation of
algorithmic techniques, which will address as many problems as possible and
consequently, contributing to the scientific literature on the synergy between
Computational Intelligence and Computational Mathematics. We believe and expect
that the results of the thesis will contribute to the creation of reliable methods that may,
among the others, enable scientists in other scientific fields to reliably deal with large-
scale and complex problems that often encountered in research and applied field of
commerce, financial and industry with obvious benefits.
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