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Hepiinyn

AVO TOAD ONUAVTIKA EMGTNUOVIKA Ttedia, avTtd ¢ Ymoloylotikng Nonposvving Kot
TV  YToAOYoTIKGOV MoOnuotikdv, evOoeikvovtal Yoo TNV OTOTEAEGUOTIKY Kol
OTOJOTIKY] AVTILETAOTIOT GVVOETOV TPOoPANUATOV TOL TpayLoTIKoD Késov. Me Bdaon
LT TOL EMGTNUOVIKA TTedi £xel avamtuydel Eva evpVd pdopa LeBdGOMV Kot TEXVIKMVY Ot
OTOlEG GLYKEVIPMOVOLV TNV TPOCOYN TNG EMIGTNUOVIKNG Kowdtntoc. Avtd mov
TopaTNPEiTOL GLYVA Elval SLIAPOPOL OAYOPIOLOL KOt TEYVIKES TPOGUPUOGUEVES GE Eval
CLYKEKPIUEVO TTPOPANUA, Ol omoieg dev Umopovv va avtamokpliovv e&icov KaAd oe
Ao, mapepeepn mpoPAnuata. H «ovvepyion tov 600 mopamdve ETIGTUOVIK®OV
nedlov propel va odnynoet oty podnpatikn Oepeiioon aikyopibuov yio v a&lomot
OQVTILETOMION HoG TANODPOS TAPEUPEPDY TPOPANUATOV.

H Yroloyiotikny Nonpoosuvn o¢ vEog ETGTNIOVIKOG KAGOO0G, TEPLYPAPEL VTTOAOYIGTIKES
puebooovg, ot omoieg petalh TV GAA®V, gumvéoviol amd QUOIKA Kol PloAoyikd
GLGTHLATO Kot dVVATOL VO GUVOVACEL EMGTNLOVIKOVG TOUEIS, OTm¢ To. Y TOAOYIGTIKA
Moabnpatikd kot tnv Emiomun tov YToAoylotdv, £xovtog eneKTACELS Kol EPUPUOYES
oxedOV 6€ OAOVE TOVG TOUEIC TOV EMGTNUAOV KO TG TEYVOLOYiag. Ot adydpOpot kot to
HOVTEAQ TTOV GUVOVTAOVTOL GTOV TOREN TNG Y TOAOYIOTIKNG NONUOoUVNG KOt £X0VV TIC
Baoelg Toug oe pnebddovg Twv Yroroyiotikdv Mabnpatikov (ApiBuntikng Enilvong
Sovbov Alapopikdv E&lomcemv), amotelovv €va oNUOVTIKO HEPOG OLTNC TNG
SwTppng.

[ToAAEG Kot SLOPOPETIKES EPAPLOYES TTOV AMTOVTAL GE OPKETOVG TOUELS TNG EPELVOG KO
™G TteXVoAoYiag eu@avifovtal 1 UTOPOUV VO OVIIHETOMTICTOVV ¢ TPOoPANUaTO
Bektiotonoinong. Apketéc pébodor g Ymoroyiotikrig Nonpoovvng, Pacilovtol oe
po €101k kKAdon pebddmv Peitictomoinong mov mepthapuPdvel T UHEAETN Kol TN
Oeperioon vmoloylotik®v peBddmv, ot omoieg avTiuet®mILOVV OTOTEAEGLATIKA
d0oKOoAN TPOPANHOTO TOV PVGIKOD KOGUOV. AVTEG 01 HEBOOOL Eivar TOAD GNUOVTIKES,
kaOdg mpooeyyilovv mpoPAnpata Bedtiotomoinong ywpic meplopiopons, KATL TOL
eVPEMG CLVOVTATOL GE O1GPOopa TPOPANUOTE TNG EMOTNUNG KOL TNG TEYVOAOYIOC.
EmumAéov, Adywm tov €0povg TV €QUpUOYDV, Kot Kuplwg TG ovamtuéng véwv
TEYVOAOYLDV, €xovv avamtuydel mpoPAnuato mov emlnTovv ADON Kol GTTOVTOL GE
dpopetikd NoN Beltiotomoinong, 0nmg 1 moAv-avTikelpevikn BeAtiotonoinon ko n



Bektiotonoinon pe mepopicpovg. T v mpocéyyion avtdv TV SVCKOA®MV
mpofAnuatov, ypnowomoovvior pEBodor g YmoAoyiotikng Nonpoovvng Kot
E0IKATEPO TEYVIKES KOl AAYOPLOLLOL TTOL AVIIKOLV GTOV TOopEN THG Mnyovikiig Mabnong
kot TV Teyvntov Nevpovikov AKtoov.

210 TAaio10 TNG TOPATAVE GLUVEPYATIKNG OVTILETMMTIONG, £ivon amapaitnn n pHeAét
TOV TPOUTOLTOVUEVOV QVTAOV TV ahyopiBuwv. ‘ETotl, Tpv v €Qoproyn avtodv Tmv
TEYVIKOV, eivan avoykaio 1 mpogpyoasio Kot TpogToluacio Tov dbfécipon Guvorlov
dedoéEVOV TPOKEWEVOD Vo dNUovpyNBoLV a&ldmiota LoVTELD Le KOAN amOd0oN Kot
Ko wavotnta yevikevong. Koatdmv, autéc ot pébodot umopodv va epappocstodv Kot
VO OVTLLETOTICOVV TPOPANLLOTOL TOV ATTOVTOL GE APKETOVS TOUELS TNG EMOGTNUNG, OT®G,
HETOED TOV GAAMV, 1| UNYAVIKY], | PLCIKN, N ProAoyia, To pobNUaTKd, 1 WTPIKN, M
EMOTAUN TOV VTOAOYOTAOV, 1 Propnyoavio, 1 HOLCIKY, 1 OlWKOVOopio Kot M
KpLTTOYpOLpiaL.

2 ovyyxpovn BipAoypaeio mapovosialetar va tepdotio TAN00g aAyopiBumv kot
TEYVIKAV TTOL AmTovTol 6TIG mapondve katevfvveelc. [lapodia avtd n TAetoyneio Tovug
apopd Eva GLYKEKPIUEVO TAAIG10, TO 0010 EIVOL TPOGAPUOGUEVO GTIC ATOLTHGELS TOV
ekdotote mpoPANUaTos. Xvvnbmg meplopilovior GE OTATICTIKG HOVIEAD Kol GE
TOPOUETPOVG TTOV EPUNVEDOVV EVOL GLYKEKPLUEVO TTPOPANUQ, amokAeiovtag €161, TV
EMITLYN EQOPLOYN GE OTOLOONTOTE GALO TPOPANUA 1] OKOLO Kol GTO 1010 TPOPANUAL pe
SlopopeTIkéG mopapétpovs. M a&lomotn Abon oe avtd to peilov mpoPfAnua
TapEXEToL HEC® TNG avAmTLENG alyopiBumy pe pabnuatikn Bepelimon Kol avotnpn
ponpoatiky tekpmpioon pe oamodeln. 'Evag adyopiOpoc pe oyvpd pobnpotikod
vroPabpo pmopel va ypnoomomBel ce TEPIGGATEPEG EPAPUOYES HE LEYOADTEPT
emruyioL.

Xmv oapy avty ompiletor o mopnvog ™ SwTpPng, onMAad ot paOnpoTikn
Oepermon alyoplOuikdv texvik®v, ot omoiec OBa amevBOvovtal oe o TAEdQ
TPOPANUATOV, GUVEIGPEPOVTOS OTNV EMCTNHOVIKY PipAoypapio avapopikd pe tnv
ovvepyio ¢ YmoAoyiotikng Nonpoodvng kot TV Y TOAOYISTIKOV Mabnuatikov.
[Motevovpe Kot TPoodokovpe OTL GTNPILOUEVOL OTA OMOTEAEGUOTO TNG OTPPNG
umopovv va omuovpynfovv pébodor or omoieg Ba dmdoovv TN dvvordTNTO GE
EMGTALOVEG GAL®V TEPLOYDV VO AVTILETOTICOVV UE a&lomoTio ey AN KAMUOKOG Kot
TOAVTAOKOTNTAG TTpoPANpaTa, To omoio ep@avifoviar cuyvl Gg €PELVNTIKOVS KOl
EPOPLOCUEVOVG TOUEIS TOV EUTOPIOL, TNG OKOVOUTNG KoL TG Propnyaviog, e TpoQavn
OPEA.
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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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