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Eivat evgéwg amodekt) 1) KATAAUTIKT] €TUOQAOT TIOL AOKEL O NAEKTOLOMOS 08 OAEC TG MTLXEC TOL OUYXQOVOL ToALrTlopoL. H mapdywyn, petagood,
amoBOnKevON KaL XOT|0T TNG NAEKTOLKTS EVEQYELAS ATIAQTILOVV HEQLKOVS ATtO TOUG OTHUAVTIKOTEQOVS TTAQAYOVTEG TG OUYXQ0VNG TEXVOAOoYIag katl Lwn|g. o€
OAOLG AVTOVES TOVG TORELS YivETaL XO1 0T TOAAWY €WV VAIKWV (OTEQEWV, VYQWV KAl AEQIWV) HE OKOTIO TNV NAEKTOLKT HOVWOT) Kol KaAT] Agttovgyia twv
TAVTOG TUTIOL CLOKEVWV KAl EOTALOUOU TIOV elval amaQAlTNTOS. LUYKEKQLUEVA, Ol OTEQEES LOVWOELS TOL NAEKTOOAOYLKOU e£omALOHO0 LYMATS TAoTMG
KATAOKELALOVTAL ATIO HEYAAN TOWKIAIX 0TEQEWV OLVOETIKWY VAWKV, KLRIWS MOoALUEQWY, T omolar ovVNOwS TomobeTovVTAL O€ UL 1) TTEQLOOOTEQES
OTQWOELS, OTIWS CLUBALVEL 0T KAADILX KAL OTOVG peETAOXNUATIOTES. H kAT Aertovgyia avt@v twv LAKOV etvat eEQLQETIKA KQLOLHT VLI TNV YEVIKOTEQT
amodO0T TWV CLOTNUATWY TAQAYWYNS, HETAPOQAS, ATOONKEVONG KAL XOTONG TNG NAEKTOLKIG EVEQYELAS KAL AQA 1) YV@OT] TNG OUUTEQLPOQAS KAL TWV
PULOLKWV XAQAKTIOLOTIKWY TOVG, ATIOTEAEL ETUTAKTIKT] AVAYKT).

To avtikelpevo TG dATOLPBNG NTAV VA EQUNVEVOEL KAL VA ATIAVTIOEL BEWENTIKA KAL TTEQAUATIKA TA TIQOTYOUHEVA EQWTIHATA OV OXETLLOVTAL HE TIG
(PLOLKES LOTNTEG KAL TO XAXQAKTNOLOTIKA TOAVHEQIKWOV HOVWTIKWOV LVAKWV. O ToOTOg eounvelag elval Kuplws atTlokQatikog (VIETEQULVIOTIKOS) Kot
Baoiletat oe LOVTEAO TO OTIOLO AXQXIKA EOTIALETAL OTO TUOAVO UNXAVIOUO DNULOVQYIAG QEVHATOS KAL AYWYLHOTNTAS aAQXICOVTAS ATiO TNV JLEAELOT POQEWV
OTNV ETAPT) NAEKTOODLOV - LVALKOV Kot oUVEXLILOVTAS HEOQ OTO EVEUTEQO HOVWTIKO VALKO KAL OTA dLAPOQA 0TQWOUATA Tov. KAToTiy eQUNVEVEL TOV UNXAVIOUO
YNQAVOTG 1] KAL ATIOTOLNG KATAQQEVONG OTO ETWTEQUKO TOL VAIKOU HEOW DLXTTIAOTS TWV HAKQTYOQLWV Tov. ETtiong eotialetat 0tov QOA0 TV OLETIPAVELWV
petall DLV aAAA Kot daoeTikwVv LAkWV. H Bewontikn] egpnvela avapEQetal o€ TELQAUATA 0T OTOIX HETQLOVVTAL 1] ONAEKTOLKT] AVTOXT], O XQOVOG
Cwng N KATAOTEOPT]G, OL ATIWAELEG LOXVOG, OL HEQLKEG EKKEVWOELS KAL 1) XWENTIKOTNTA 0€ delypata oLVOETIKWOV TOAVUEQUKWOV PIALL DXPOQWY VALKWV.
Emiong exteAovvial TEQAUATA TIQOCOUOIWONG HE EWKO TMEOYQAMHUX Yot TeQALTéQw emiPePalwon tov povtéAov. [légav amd v eounvela Twv
PAVOUEVWY, OTA OUUTEQATHATA avaPEQovTal Kat HED0dOL PEATIWONG TNG KATAOTAONG HOVAOEWVY KoL dAYVWONS TG AELOTUOTIAS TOL TLVAPOVS
NAEKTEOAOY KOV eEO0MALOLIOV.

Abstract

Well known the great impact of electricity in all the aspect of modern civilization. The production, distribution and use of electric energy are some of the most
important factors of modern technology and life. In all these aspects, different kind of insulating materials (solid, liquid or gas) are in use because of the need of




good performance of electrical equipment. More specifically, solid insulation of electric equipment are manufactured using mostly synthetic-polymeric materials,
that are put in one or more layers, as for example in electric cables and transformers. The good operation of these materials is extremely crucial for the general
performance of the electric energy systems and hence the knowledge of their physical characteristics constitutes imperative need.

The objective of the thesis is to answer experimentally and theoretically questions that concern the physical characteristic especially those related with the
dielectric strength of polymeric insulating materials. A deterministic model is chosen that focuses initially on the conduction mechanism and the way that current
flows from the metal electrode to the polymer (in the interface) and afterwards continues in the inner material. The model also explains the aging and breakdown
mechanism in the polymer throw macromolecule scission. It is also focuses in the role of interfaces from the same or from different material. The theoretical
explanation takes in to account experimental results from measurements of the dielectric strength, time to breakdown, power losses, partial discharges and
capacitance in specimens from different solid composite insulating polymers. Simulation software is also used in order to confirm our hypothesis. In the
conclusion we propose some methods for making diagnosis and improving the situation of the insulating materials.
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ITegiAnym L1OX0c TG dWAKTOQWKNG daToPns etvar 1 avamtuln Hag MEWTOTUTNG KAAONG HOVTEAWV Yyt TV emiAvomn TuTKOV TEOBANUATWY 01

XONHATOOLKOVOLLKT] HNXAVIKY, 0TS TL.X. TNV TRORAeYn XOonp/Kwv dedopévwy Kal TNV THoAGyNon xoeoyoapwy. H owkoyéveiar twv povtéAwv mov
TIROTE(VOVTAL OTNV €QYATiax avTr) oLVdLALEL piax HEDODO VTTOAOYLOTIKNG VONUOOUVNG, T TEXVNTA VeELRwVIKA diktua (artificial neural networks-NN), pe
KAQOLKA OlKOVOUETOIKA LTIodelypata petapAntottag tuvmov GARCH (Generalised Autoregressive Conditional Heteroskedasticity). O cuvdvaouog avtog
dnuoveYel éva evéALKTO mMAaiolo povteAomoinong mov dvvatal Vo Amekovioel TOAAES Ao TIC XAQAKTNOLOTUKES WOLOTNTES TWV XOML/KWV XQOVOOELQWY



http://phdtheses.ekt.gr/eadd/handle/10442/15657

mov ava@égovtal ot PipAoyoapia (LU Yooppucés dlogOwoels TIHWY, aAAAYEC OTar eMITEdA UETAPANTOTNTAG, I YKAOLOLAVES KATAVOLES, K.QX.).
Efetalovpe pia 0104 OTQATYIKWY Y TOV TTQOOOLOQLOUO KAl TOV EAEYXO0 EMAQKELAG TNG DOUNG TWV HOVTEAWY AUTIS TG KATYoRIlag, Tov Pacilovtal o€
OTATIOTIKOVG EAEYXOUGS, KAl TIOOTEVOUHE TIQAAAXYES AUTWV Twv eA€yXwV TOL elval eVEwOTES (robust), dONA. dlxtnEovV TNV EYKLEOTNTA TOUG OTNV
TEQLMTWOT) TOL TO HOVTEAD eV amelkoviCelt TANOWS TNV TMOAVOAOYLKT] OX€0T TTOL OLVOEEL TNV UETAPANTI) OTOXO HE TIC eExQTnuéves petaBAntés. H
amddO0N TWV OTATIOTIKWY ALTWV dLdIKATLOV dLeQevvaTatL pe T Bor|0ewx mepapdtwy tgoocopoiwons Monte-Carlo. (¢ pia emidelén twv duvatoTrtwy TN
TMEOTELVOLEVNG peBodoAOYinG, mapabétovpe dVO peAétes o€ eUTEQKA dedOpéva. LTV MEWTN Ao AVTEG, ePAQHOLCOVHE oLVOLAOTIKA HOoVTEAar NN-
GARCH otnv moopAedn g katavounc Twv anmodooewy o dteOveic xonuatiotnolakovg detkteg (DAX, FTSE 100, S&P 500). Xtdx0g g 0eUTEQNS EQAQLOYTIS
elval va OUYKQLVEL TNV AMOTEAEOUATIKOTNTA TN HEOODOL DADOX KWV OTATIOTIKWV EAEYXWV, IOV EQAQHOCETAL 0TI DXTOLPT) ALTH, e AAAES OTATIOTUCES
KL EUTIEIQUKES TEXVIKEG TIQOOOLOQLOMOU TNG QQXLTEKTOVIKIG VEVQWVIKOU OKTUOUL OTNV TLUOAGYNOT MAQAYWOYwWV OULHPOAAIWY TUTIOL dIKALOUATOS

npoaipeong (option).

Abstract

The purpose of this thesis is to introduce a semi-parametric financial forecasting model that combines an intelligent learning technique, artificial neural networks,
with common econometric GARCH models of volatility. We show how this flexible modelling framework can accommodate most of the stylised facts reported
about financial prices or rates of return (nonlinear corrections, asymmetric GARCH effects and non-gaussian errors). We analytically discuss several strategies
for the specification of the mean and variance components of the model by means of sequential statistical tests and propose variations of the standard testing
framework that are robust to model misspecification, i.e. they preserve their asymptotic validity when the model is not correctly specified for the true conditional
distribution. The finite-sample performance of testing procedures is investigated by means of Monte-Carlo simulations. To demonstrate various aspects of the
model-building strategy, we present two empirical studies. In the first one, we apply NN-GARCH models to forecasting the conditional distribution of daily
returns on three major international stock indexes (DAX, FTSE 100, S&P 500) and in the second one we compare the performance of the sequential testing
procedure with other statistical and heuristic neural network model-selection strategies in accurately pricing options on the S&P 500 index.
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ITegiAnym Xe avt) Vv oxtoPn peAetOnke wa Paotkr) meQlmtworn Tov mEOoPATUatos doopoAdynong oxnuatwyv (Vehicle Routing Problem - VRP), otnv omoia éva

OXNHa Eekvd amod v amodrkn kat eEVTNEETEL TTEAATES e MEOKAOOQLOUEVT) TELRA emiokePnc. LTdXog etval 1) ELTNEETNOT OAWV TWV TEAATWV KAl 1)
eAayxlotomoinon g daxvvBeloas amootaons (k0oTovg). To ouykeKQLUEVO TIROPBANUA €XEL HEYAAO TQAKTIKO EVOLAXPEQOV; EVOELKTIKES EQPAQUOYEC TOL
MEQUAAUPBAVOLY TNV TeQiTTwon mwAnoewv Ex-Van, kat cvotrpata diayelorong vAkwv. IToAAég mepimtaoels avtod to TEOBANHATOS, HE avEavopevn
MOAVTIAOKOTITA, TEOTEVOVTAL avaAvovTal kat eTtiAvovtat. AvTég etval:

e Awxvoun mMoAAQTA@V mEOWOVTWY He yvwotr) (deterministic) (ritnon meAatv. AVO VTIO-TEQLTITWOELS HEAETNONKAV: &) E POQTIO KATAVEUNUEVO O
aTOONKEVTIKOUS XWEOVS Héoa 0To OXNUa kat B) pe xOpa @otio. Ta pabnuatikd HOVTEAR, 0TS kKat KAtvoUEYLOL artodoTikol adydotOpotl mov Avbvovv
avta ta mEoPANUata PéATiota (to optimality) avamtoxOnrav kat avaAvOnkav.

e Awxvoun moAAamAdv mEoldovtwy pe ayvworn (stochastic) Crjtnon meAatwv. Kat ot 000 VTOTEQLMTWOELS TTOL AVAPEQOVTAL TTAQATIAVW UeAETI) ONKav.
Kat yia tic d00 vmomeQIMTWoEelS TTOQOVOLACAHNE T YXOQAKTNOLOTIKA TWV TEOPANUATWY, KALVOLQYLES HeOOd0US KaOoELOHOL TOL EAGXLOTOV
AVOALEVOLEVOL KOOTOUG, Kol DEONTIKA ATIOTEAETHATA Tt OTIOLX EMLTQEMOLY TOV KAOO0QLOHO NG BEATIOTNG ATIOPAONC HETA TV eEVTNEETNOT) TOL KAOE
rmteAatn. Kat ot dvo vmomeointwoels AVONKaV pe SUVAHIKO TTIQOYQAUUATIONO, Kot amodelxOnke Kat yix Tig dV0 OTL VTTAQXEL X CLVAQTNOT) 0Qlov
(threshold function), n omoia pmoel va xonotpomomOet yix tov kaBoQLopo g PEATIOTNG amopaonc. Extetapévny avaAvon twv TEOTE LVOUEVWY
aAyoolOuwv EAafie xwoa.

o TlapaAafr) kat davour (TEoiovTwy) e ayvwortn (stochastic) Critnom meAatwy. e autr) v eQimTwoT To OXNUa OXL HOVO TTAQadIdeL TOIOVTA OTOVG
TEAATES, AAAR KAL TAQAAALPAVEL ETUOTEOPESG ATO KAOEe MEAATN (TT.X. KATEOTQAMMEVA 1] AdELeG TIAAETEG 1) VA ovokevaoiag). Ta xapaktnolotika
oL MEOPANHATOS TtarQovatalovTal, pHalt pe pa katvoveya LEBodo kKaBoQLOUOL TOL EAGXLOTOL AVAEVOUEVOL KOOTOUG, KAl TNG PEATLOTNG AMOPAOTS
peta anod v eEvmneétnon tov kabe meAatn. H mootewvopevn néBodog avaAvOnie emiong EKTEVAC.

H duxtony avty pmopet va xonotpomomOel kat va vrootnei&et éva ovotnua ANPng ano@aoewy, Kat UTOQEL va XQnotpomomOel oe meQLTTWOELS

OQOHOAGYNONG OXNUATWY e TEOKAOOQLOUEVT) OelRA eTtOKEYNG, Yix par TANOWEA MEQMTWOEWY (YVWoTH 1] &Yvwotn CHtnon meAatwy, éva 1] ToAAaTAG

TMEOLOVIA, TAXQADWOELS, 1] TAQADWOELS KAl maQoAaBéc): Me avtd tov TEOTO HmoovV va eEaleipBolv oL Tuxales AMOPATELS OQOHOAGYNONG,

EAQXLOTOTIOLWOVTAG TA OUVOALKA AELTOLQYLKA KOOTN TNG ETALQLAG, KAL ALEAVOVTIAG TNV OUVOALKT] TAQAYWYKOTNTA KAl Ta ETTeda eEVTINEETNONG TWV

TEAATWV TNC.




Abstract

In this dissertation a basic case of the Vehicle Routing Problem (VRP) is studied, in which a single vehicle starts from its depot and serves customers in a

predefined sequence. The objective is to serve all customers and minimize travel distance (cost). This problem is of significant practical interest, indicative

applications include Ex-Van sales and Material Handling systems. Several cases of this problem, of increasing complexity, are posed, analyzed and solved. These
cases are:

e Multiple product delivery with deterministic customer demand. Two sub-cases are studied: a) the compartmentalized load and b) the unified load case. The
mathematical models, as well as new efficient algorithms that solve these problems to optimality have been developed and analyzed.

e Multiple product delivery with stochastic customer demand. Both sub-cases mentioned above are studied. For both cases we present the characteristics of
the respective problems, novel methods to determine the minimum expected cost, and the theoretical results that permit one to determine the optimal decision
after serving each customer. Both cases have been addressed using dynamic programming, and for both it has been proven that there exists an appropriate
threshold function for each customer, which can be used to determine the optimal decision. Extensive analysis of the proposed algorithms has been
conducted.

e Pickup and delivery (of product) with stochastic customer demands. In this case the vehicle not only delivers products to customers but it also picks up
returned items from each customer (e.g. damaged goods, or empty packaging). The characteristics of the problem have been presented, together with a novel
method to determine the minimum expected cost, and the optimal decision after serving each customer. The proposed method has also been analyzed
extensively.

This work may support a decision support framework, which can be utilized in fixed routing operations for a wide variety of cases and applications

(deterministic or stochastic demand, single or multiple products, delivery or pickup & delivery): Thus, ad-hoc sub-optimal decisions can be eliminated,

minimizing total operating costs, and increasing the overall productivity and customer service of the distribution fleet.
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ITegiAnym

LKOmOg NG AXTOIPnc elvat 1) OTOXXOTIKT] HOovTEAoTIonon e avalwoyovnong AoYLopuwoL o€ TOWAd VTOAOYIOTIKA CLOTHHATA, HE OTOXO TNV
BeAtiotomoinon tng emidoong kat e a&lomotiog tovs. H avalwoyovnon Aoylopuot eival pi TQOANTTLKT] TEXVLKT) CUVTNENONG TOU AOYLOLLKOU TOU
XONOHOTOLELTAL YIX TNV ATIOPUYT] HEAAOVTIKWV AOTOXLWV TIOL opeidovtat o€ @atvopeva yroavons tov. 't v povteAomoinon g avalwoyovnong,
xonotpomoteitat KdOe pooi 1 katdAANAN MagkoBavr) dixducaoia. H avalwoyovnon AoyLoputkod KATa@EQVeL va EKTTATIQWOEL TIG TTEQLOTOTEQES POQES TOUG
OTOXOUG TNG. TNV TgoLoat AlTQT) ELOAYETAL OHWS KAL TO KALVOTOMO OEVAQLO TG ATIOTUXNHEVNS avalwoyOovnoTG, TO OTIO0 UTIOQEL VA EUPAVIOTEL LTIO
0QLOLEVES OLVOTKEG, EDIKA OTAV TIQOKELTAL VIO AQKETA HEYAAES EPAQUOYES AOYLOHULKOV, OXEDLXTIEVES VA EKTEAOVVTAL VLA LEYAAO XQOVIKO DLATTUAL.

H avalwoyovnor HOVTEAOTIOLEITAL 0€ CLOTHHATA TA OTIOLX VTTOKELWVTAL O OTAdLaKT] @HopA kat eEAVIANOT TwV TTOQWV Tovs. To mMooooTd Tng eAgeV0EQNC
HUVT)UNG TIOL OTAOLAKA EEAVTAELTAL UTIOQEL VOt XQAKTNOLOTEL WG éva TéTolo €idog moov. H avalwoydvnon, Héow e PEATIOTNG OTEATNY KNG EQPAQLOYTIS
TG, Umopel va amteAev0epoEL TTOOOOTA TTIORWYV £VOS OLOTIUATOS KL Vot CUMPBAAEL £ToL 0TV PBeATticor g emidoons kat TG dtabeatudTTAS TOU.

H amoteAeopatikotTnta Tne, AVAPOQLKA HLE TNV ETO00T) TWV CLOTNHATWY, HEAETATAL PEOW KATIOLWY delkTwV aflomiotiag. Ev mpokeévw, povteAomoteltal
1 EPAQHOYN TGS AVALlwOyOVNOTG O CLOTIHUATA UE EQPEDQELES, O CLOTOLXLEG VTTOAOYLOTWY XAAG KAt 08 KataveUnUéva eppaAlovta dmws to Grid. Xkomog
elvain peAtiotomnolnon e dadeotuotnTag Kot g a&lomotiag tovs. MovteAomoLeltal emiong KAL) eQaQUOYT TS avalwoyovnong otV TNAepwVvia HEow
dtadktVoL (VoIP). X OAeC TIC MAQATIAV® TEQLTITWOELS, O OTOXOG Elval va Ee0el 1) BEATIOT TOALTIKT] EPAQUOYNS TS avalwoydvnong mov Ba odnynoet
ota emBuunta emimeda emidooNG Kat a&lomoTiag.

Ita mAalowt g ATtor)s, XONOLHOTOLOVVTAL YEVIKEVUEVEG «AVOLXTEG» TIQOOUVTIOVIOMEVESG MEDODOL TQOOEYYLOTIKWY AVILOTQOPWY YLX TNV
ATOTEAETUATIKT ETUAVOT TWV YOAUUIKWY CUOTNUATWV HEYAANG TAENG TTOL TTEOKVTITOLV HE PAOT) TNV HovTEAOTIOMON TG avalwoyovnons AOYLOLKOV.
H Awatoppr) mapéxet To Kat@kAANA0 vtoBabo yix TNV mepaltéow pHeAETN TNG avalwoydvnong AOYIOMLKOU WG ULt CLUVIOTWOX 0TV dNHLoLEYIX
«avTo0EQATIEVOPEVWV» CLOTNUATWYV. Ta CLOTNUATA AVTA PUTIOQEL VO TTOLKIAOLY ATIO AQKETA HEYAANG KAlLakas 0w Y tapaderyua to Grid, 1 agketa
HLKQOTEQTNS OTIWS T AOYLOULKA TIOL XONOHOTIOLOVVTAL 0TI OVOKEVEG KIVITIG TNAEQVIAC.

Abstract

The aim of the present thesis consists in stochastically modeling software rejuvenation, a proactive technique for preventing software failures, implementation
in computer systems in order to optimize their dependability and reliability. To model rejuvenation the appropriate Markovian stochastic process is selected.
Software rejuvenation has been modeled in a variety of computer systems to prevent software failures that cause economic or either human loses. Traditionally
it manages to fulfill its purposes when it is ordinary performed, partially or fully according to the decided strategy. In the thesis, the concept of failed rejuvenation
is introduced. In contrast with the ordinary scenario, failed rejuvenation which occurs rather rarely can be manifested under certain conditions, especially when
dealing with too large applications.




Rejuvenation is modeled in systems which experience resource degradation. The free physical memory can be used as a measure of the resources that degrade.
Rejuvenation through the optimal strategy, manages to free up system resources and hence improve system’s performance. Moreover, rejuvenation effects on
resource availability optimization are studied combined with resource reservation techniques.

The efficiency of software rejuvenation in improving a system’s performance is studied through classical dependability measures. Rejuvenation is modeled on
redundant, cluster and finally on distributed computing systems, aiming to improve their availability and service reliability. Moreover, dependability measures’
improvements due to software rejuvenation are also highlighted for the VoIP telecommunication application. In all of the above cases the main aim is to
distinguish the optimal rejuvenation policy which contributes on systems’ performance.

Explicit approximate inverse preconditioning methods are adopted for solving efficiently sparse linear systems needed in order to derive the software systems
performance and dependability measures.

The thesis provides the appropriate modeling framework for further studying the impact of rejuvenation in various computer systems. Rejuvenation is the next
step for self-healing systems, which can contribute on the idea of autonomic computing either on large technological systems such as the Grid, or even on lower
scale software systems as for example those being used in today’s mobile phones.
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ITegiAnym LKromog g dxtoPns Nrav 1 avantuln pedodoAoylag yix Ty eKTIUNOT TG TOLOTNTAG TOL VEQOD, HEOW OAOKANQWMEVNG OTATIOTIKNG AVAAVOTG TwV

XNUIKOV, HKEOPBLOAOYIKOV KAl TOEKOAOYIKWV MAQAUETQWY TOL, ATO TNV AKATEQYAOTN HEXOL KAL TNV ETEEEQYATHEVT] LOQPT] TOUL, HE OTOXO TNV
0AoKANPWUEVN AELOAGYNON Kol dlary (0o £VOG TOAVTIAOKOL OCLOTHUATOS LOATIKWY TTOPWV OTWS awTod NG AONvag. Ltnv magovoa datoiPr, diegevvr)Onke
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1 ATIOTEAETUATIKOTTA, 1) EMAQKELX KAL OL AVOAYKALEG TTQOOAQHOYES, AOYW TV WIALTEQWY XAXQAKTNQLOTIKWOV TWV TOLOTIKWY TIQAUETOWY TOL VEQOV, EVOG
HeyaAov aplOpot ocvvletwv otatiotikwy pHebddwv. H katavonon twv pPnxaviopwy mov enneedlouy TNy MOLOTNTA TOLV VEQOU ATO TNV AKATEQYXOTN
TIEWTAQXLKT] TOL HOQEPN €WG TNV TEALKN] TOL TTOL TEOOEILETAL Yot aVOQWTIVT) KATAVAAWOT), ATIOTEAETE TOV KUQLO OTOXO TG £QELVAG.

H evdeAexnc otatiotikn] avaAvon twv unviatov tipwyv to&kotntag (2000-2006) 0toug TapevTrEs, KaTéAnEe 0 EAAenPn ETTOXIKOTNTAG KAL L] OTATIOTIKK
ONUAVTIKY aVOOLKN T) TTWTLKT) TAOoT). MeTtall TV TAHLELTEWY DEV TAQOVOIXTTNKAY OTATIOTIKA ONUAVTIKES OLAPOQES OTNV TOEKOTNTA.

Ta unviaia dedopéva (1997-2009) twv Paktnolwv — OEIKTWV UIKQOPLAKIG POQTLONG enterococci Twv TOTARWY TOL EKPAAOLY OTOLG TAMLEVTIQES,
OLegevVONKAY Yix ETMOXIKOTNTA, VMAQEN TACEWV KAL OUOLOYEVELX TwV TLOAVOV TAoewVv. AVO aTO TOUG TOTAHOUS XAQAKTNEovIat ws XapnAov
HULKQOPBLAKOU (poQTiov KAl évag magovoiaoe ToAD LYNASG TOOOOTO AVW TEQIKEKOUMEVWVY TIHWYV. Le KApx amd tic vtoAoiteg Béoels derypatoAnpiag dev
EVTOTUOTNKE OTATIOTUKA OT)ILAVTIKT] AVODLKT] TAOT) YL TOUG enterococci. AleQevvr|OnKe EKTEVWG 1) XONOLUOTTA TWV TOAVHETABANTOV OTATIOTIKWV TEXVIKWV
(avaAvon KOELWV CLVIOTWOWYV / TAQAYOVTLKT) AVAAVOT), AVAAVOT] KATA TLUOTADES, DLAAXWOLOTIKT) AVAALOT), DEVTOA TAELVOLNOTS KAL TTAALVOQONONG) 0TV
eounVveia g dopng 16 QLOKWV-XNUIKWV TOOTIKWV TRXQXUETOWY TOL VEQOU KAOE TALLELTION KAL OTNV ATOTILNOT] TWV XQOVIKWOV dIAKUHAVOEWY TNG
ToLOTNTAG TOoL. ETtitevxOnie onuavtikn pelwoTn TwV JXOTATEWY TOL TTOAVTIAOKOUL 0T dedOpEVV Kol avadelxOnkav Atyes HOVO TTAQALETOOL WG KVQLEG
LTEVOVVEG YIA TS DIXKVUAVOELS OTNV TIOLOTTA TOL VEQOU OTN DLXQKELA TOV XQOVOU.

AtegevvnOnKe 1 XONOIHOTNTA TWV TOAVUETAPANTWV OTATIOTIKWY HEOOdWV 0TI dLAKQLOT] TOU ETEEEQYAOUEVOL VEQOD TWV dXPORETIKWY Movadwv
Eme€epyaoiag Negov (MEN), Baoet 9 @uOtk@V-XNHKOV TTAQAUETOWY, KAOWGS Kat otV mEoPAeYm g MEOEAELONG TOL VEQOL TOL DKTVOL VOQELONG WG TIQOG
™ MEN amo v ontola mpoépxetat. Kataokevdotnke povtéAo, faoet twv derypdatwv vegob MEN, to ontolo mapeixe 97,8% 0001 ta&vounon twv detyuatwyv
VeQEOUL ToL dLKTVLOL VOPeLONG. H vMAN akpifela TOL HOVTEAOL ETUTEETEL TN XOT|OLUOTIOMOT) TOL WG HETOV TTEQLYQAPNS TWV DIKTUWV dLarVOUTS kKAt ToOPAeUmMg
TNG MEOEAELONG TOV VEQOD, MAQEXOVTAS XONOLHUES TATIQOPOQLES OTOVG DAY ELQLOTES TWV DKTVWYV, HE ATMOTEAETUA TNV avENoM Tov Babuov aopaleiag.

Me xomon HOVTEAWV XQOVOAOYLKWV TELQWV, KATAOKEVATTNKAY QEAALOTIKA OLXYQAUHATA EAEYXOL TNG TOEKOTNTAG TOL emeEeQyaouévov vepoL twv MEN,
Ta oMol ATIOTEAOVV XONOLHA E0YAAEix Vi T PEATIWON TNG TOLOTNTAS TOL TTOOLUOL VEQOU, KAL dIVOUV T dDUVATOTITA YiX BOaxUXQOVLES TIRORAEDELS TwV
TIHV NG TOEKOTNTAS KAL TNV EMAVATIQOONAQLOYT] TNG dLEQYATLAG €AV KOIVETAL ATIAQALTITO KAL ElVAL EQPIKTO.

Abstract

The aim of this thesis was to explore statistical methods for the integrated analysis of the water quality parameters at all stages (raw water — treated water). A
great variety of statistical methods were extensively explored and then applied to the water quality data of the complicated water supply system of Athens with
a view to gaining insight knowledge of the water quality behavior and the system’s integrated management.

The study of seasonality and trend analysis of the toxicity data (2000-2006), for each raw water reservoir, resulted in no statistical significance. No statistical
significant difference for the toxicity between the reservoirs was observed.

The microbial load of the rivers that flow into the reservoirs was investigated by means of seasonal and local variability as well as trend analysis tests for the
bacteria indicators of enterococci (1997-2009). Two of the rivers were characterized by exceptionally small microbial load and one by high amount of censored
data at the highest reporting limit of the method. No trends for the enterococci were found in the rest of the rivers.




Multivariate statistical techniques (Principal components Analysis / Factor Analysis, Cluster Analysis, Discriminant Analysis, Classification and Regression Trees)
were applied to physical-chemical data (16 parameters) of each reservoir to explain the data structure and to assess temporal variations in the water quality. The
resulting models presented high accuracy and allowed a reduction in the dimensionality of the complex dataset, delineating a few indicator parameters
responsible for the variations in temporal water quality.

Significant differences in the treated water physical-chemical characteristics due to different sources of surface water and differences in the water treatment
facilities and operational procedures were observed. Discriminative models were developed for the treated water produced at the water treatment plants.
Moreover, the predictive models were evaluated for the discrimination of network water samples according to their theoretically expected origin. The prediction
of the water origin in network was very satisfactory (97.8% for the best model). Therefore, the model can be used in the establishment of safety protocols in the
case of an emergency, where a possible deterioration of water quality in one of the plants could degrade the water quality of the related water supply network
sections.

Finally, control charts were constructed for the data that were obtained from the daily toxicological analysis of treated water from the treated-water tanks. The
time-series based method captured the dynamic structure of the data and gave reasonable control charts that can be useful tools for the improvement of the water
quality.
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ITegiAnym I magovoa AaktoQikt) AxtoiBn) povteAomoovvTal avaAvoviat Kot eTAVOVTAL Tolx MEOBATUATA OTHAVTIKOD EQEVVNTIKOV EVOLAPEQOVTOG KoL

TEAKTIKNG a&lag, MOV CLXVA AVAKUTITOUY KATA TNV DIAQKELX EKTEAEOTG OQOUOAOYIWVY davoung mEOLOVTWY o0& aoTikd TeQBaAAov. Ta diepevvnOévta



http://phdtheses.ekt.gr/eadd/handle/10442/28730

TIEOPAT|HATA OVVALLLKT)G OQOHOAGYNOTG TMOETEL VAL AVTLUETWTILOTOVV 000 1) dlaxvor| foloketal o eEEALEN kat TteQLAapPdvouy o TTpdBANua KabBvotéonong
Oxnuatog (ITKO), to [TedANpua Aktvnromoinong Oxfuatog (ITAKO), kat to [ToopAnua Akivnrontoinong Oxruatog o€ diktuo dtarvouric Kotvoo Igoidvtog
(ITAKO-KTT).

To ITKO avagépetat oe Oxnua dxvounc, To 0Ttolo Katd T dldokelx eKTEAEOTG TOL OQOOAOY OV TOV, KaBvoTEREL TOOO WOTE va UnVv kB lotatat duvartr| 1
0AOKATIQWOT) TOL AEXIKOV TIEOYQAMHUATOS JLAVOUTG EVTOS EVOS TTROKABO0QLOLEVOL XooVikoL ogiCovta. To meéBANua avtd povTeAomoleltal kat emAVETAL
HE VEO ATIOTEAEOTUATLKO AAYOQLOHO 0 OTTOL0G EKPETAAAEVETAL ONUAVTIKA XXQAKTNOLOTIKA TOU TTEQUBAAAOVTOG AOTUKWV OLAVOLLWYV, OTIWG T) X WOLKT] KATAVOUT
TWV MEAATWV O€ TIQOAOTIA.

INa v meplmtwon akwvnromoimone oxnuatos efetdloviat dvo megimtwoels: (o) To ITAKO opiCetal oe diktvo MEAATWV pe YvwoT) CTnon og pn
evaAAAELpeg mapayyeAies dakortwv meolovtwy, kat () to ITAKO-KIT opiletat o€ diktvo meAatv pe yvwotn Critnon kowvoL (povadikov) mpoidvtoc. Ot
OV0 MEQLTITWOELS OLATUTICOVOVTAL KAL LOVTEAOTIOLOVVTAL YL TIRWTH od 01t BLBALoyoapia. ' tnv emtiAvor) toug avanttvooovtat dvo véeg nébodot H pia
Baoiletat oe I'evetikd AAYOQLOLO Kl XONOLHOTIOLETAL Vit TOV kaBoQLopno Avoewv avagopas oe mpotunta [ToopArpuata AKO kat AKO-KIT. H devteon
pé0odog otneiletal o evEETIKO LTOXAOTIKO AAYOQLOUO Kol XOnotpomoteital ywr v taxela emiAvon tov meoPANuatog (oxeddv oe TEAYUATIKO XOOV0),
onwe eruPdAdetat amd T @LOT ToL MEAKTIKOV TMEOPAT|HATOS. H anoteAeopatikdtnta g devtepns pebodov aoAoyeital péow Twv mMEOTLTTWYV AVOEWY
G TOWTNG.

Abstract

In this PhD Thesis we model, analyse and solve three problems of high practical value which often arise during execution of the delivery process in city logistics.
Those dynamic vehicle routing problems that should be solved in real-time are the Vehicle Delay Problem, the Vehicle Breakdown Problem and the Vehicle
Breakdown Problem with Common Commodity. The Vehicle Delay Problem deals with the scenario in which a vehicle faces an unexpected delay during the
delivery process. The delay is such that the vehicle cannot complete its route in the predefined available time. This problem is modelled and solved with a new
and effective algorithm that utilizes the spatial distribution of clients (clusters) to produce high quality solutions in shorter computational time.

Both the Vehicle Breakdown Problem and the Vehicle Breakdown Problem with Common Commodity deal with a vehicle, member of a distribution fleet, that is
immobilized due to an unexpected incident. The aforementioned problems are modelled with a new analytical model and solved by two proposed methods. The
1st method is a Genetic Algorithm used to provide the necessary high quality benchmark solutions. The second is a Stochastic Algorithm used to provide good
near real-time soultions as demanded by the practical nature of the problem. The solution quality of the Stochastic Algorithm is

compared to the be benchmark solutions of the GA.
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ITegiAnym Zanv maovoa OXToPpn) HEAETWVTAL OVO KATIYOQLEG TTROPANHUATWV:

o TlpoPAnpata yix tn PEATIOT TEOANTTLKT] OLUVTIQNOT] UNXAVUATWY OV EVAL OUVIOTWOES VOGS CLOTIHATOS TIAQAYWYT]S, TO OTOLO TEQLEXEL EVAV T)
dV0 ATIOONKEVTIKOUS XWEOVE AVAETA 0T X AVIHATA.
o TloopAnuata yix tn BEATIOT DQOUOAGYNOT £VOS OXIUATOS TOL dLAVEREL 1)/l CUAAEYEL TTEOTOVTA ATIO TIEAATES, OL OTIOlOL EELTNEETOVVTAL TUUPWVX
He pia mookaBoQLoUEVT) TELQA.
Ta mEoPANHATA APPOTEQWV TWV KATIYOQLWV EVAL OTOXAOTUKA. LTV QTN KATNYoQix MEOPANHATwY Oewgolpe ot 11 ¢O0oQd Twv HNXAVNHATWYV
meQLyQapeTaL amod pice Magkofiavny aAvoida kat oL XQOVOoL TV TROANTITIKWV (0TS Kol TV dLoQOWTIKWY) CUVTNENOEWY TOVG Elval TUXALEG HeETAPANTEG.
X deVTEQT KATIYOQIX TQOPANUATWY OL CNTHOELS TWV TEAATWOV YIX TA TIROLOVIA TOL JLAVELOVTAL 1)/t CUAAEyovVTAL Elvat TuXALeG pPETAPANTEC.
XONOLHOTIOLWOVTAG YVWOTA amtoTeAéouata amno T Oewpla Tov OTOXAOTIKOD DUVALILKOV TTOOYQAUHUATIOHOD 08 TETEQATLEVO KAL ATIELQO XQOVIKO 0pilovTa
aVATTOOOOVHLE KATAAANAOVG aAyop(Oovg Yo TNV 00T TG BEATIOTNG TTOALTIKNG OTIS VO KAt yoeleg mMEoPANuaTwy. ¢ KoLtrjoo BeAtiotonoinong yia
TNV TIRWTI KATITY0QX TOOPANUATWY OEwQOVE TNV EAAXLOTOTIOMNOT] TOL HAKQOTIQOO ETOL AVALLEVOLEVOL HLEOOL KOOTOUS AVA LOVADA XQOVOU. ()G KOLTr oL
BeATioTomoinomg v T deVTeQT KT Yol TTORANUATWY OE@WEOVLE TNV EAXXLOTOTOMOT] TOL AVAEVOUEVOL OUVOALKOU KOOTOUG UEXQL TNV EEVTINEETNOT
OAWV TV TTEAATWOV KAL TNV EAAXLOTOTIONOT) TOL HAKQOTIEOOETUOL AVAEVOUEVOL HECOL KOOTOUG AVA HOVADX XQOVOU.
Lt meLoooteQa LTO peA€Tn TEORAT AT aTtodetkvUETAL OTL 1] BEATLOTN TTOALTIKT] XQaKTNEICETAL ATIO OVYKEKQLUEVOUGS KQIOLHOUG aXQLOUOVG. LTV mEwTn
Katnyogia mEoPANUATwy oL kolotpot aglduol etvar ovykektpévolr Badpotl @Bogac twv unxavnuatwv. H BéAtiotn moAwtikn Oétel oe Aettovgyia Tig
TEOANTITIKEG CUVTNENOELS TV UNXAVIUATWY AV Kot povov av mapatnendet ott ot Babuol pBooag avtwv vmepBaivouy tovg Keloovg aoLiuovs. X
deVTEQT KATN Yol MOOPAUATWY OL KQIOLHOL QLB oL Vol CUYKEKQLUEVES TTOOOTITES TV TEOLOVTWY TTOL LEVOLV HEOX OTO OXNUA apov avTd eTiokePOel
Y& TIRWTN (POQA KAL TTROTPEQEL T péYLoTrn eEummeétnon oe kamolov teAatr). H BEATIOTN TOALTIKT) LTTOdELKVVEL OTO OXTHUAX VA OLUVEXLITEL TNV TTOQELX TOV
TIQOG TOV ETIOUEVO TIEAQTI) AV TAL POQTIX TOL LTTEQPALVOLY AVTOVS TOUG KQLOIHOUG aQLOHOVGS. Le AAAEG TTEQIMTWOELS 1) BEATIOTN eVEQYELa elval Vot eTILOTOEYEL
Lia 1) 900 PoEEg otV a0k Y AVEPODATUO TOLV TOOXWQET|TEL TTOOG TOV ETTOUEVO TEAATN.




Ze 0Aa tax vmd peAéTn TEOPAT AT TTapéxovTat ekTevr) aplOuntikd amoteAéopata. EEetaletal 1) emidoaot) dpoQwy MAQANETOWY OTN FEATLOTN TIOALTUKT).

Abstract This thesis we consider two categories of problems:

e Problems ofthe optimal preventive maintenance of machines which are components of a production system that contains one or two buffers between the
machines.
e Problems of finding the optimal routing of a vehicle that delivers and / or collects goods from customers who are served according to a predefined
order.

The problems of the two categories are stochastic. In the first category of the problems, we consider that the deterioration of the machines is described by a
Markov chain and preventive (and corrective) maintenance times are random variables. In the second category of problems the customer’s demand for products
that delivered and / or collected are random variables.
Using well-known results from the theory of stochastic dynamic programming for finite and infinite —time horizon we develop suitable algorithms to find the
optimal policy in the two categories of problems. As an optimization criterion for the first category of the problem we consider the minimization of the long-run
expected average cost per unit time. As optimization criteria for the second category of problems we consider the minimization of the expected total cost is
needed to serve all customers and the minimization of the long-run expected average cost per unit time.
In most of the problems we study it is proved that the optimal policy is characterized by specific critical numbers. In the first category the critical numbers are
specific degrees of deterioration. The optimal policy initiate a preventive maintenance of the machine if and only if its degree of deterioration is greater than or
equal to a critical level. In the second category the critical numbers are the specific quantities of products that remain in the vehicle after it has visited the customer
for the first time, and has satisfied as much of customer’s demands as possible. The optimal policy indicates to the vehicle to continue its route to the next customer
if the loads of the products exceed these critical numbers. In other cases, the optimal action is to return once or twice in the depot for restocking before proceeding
to the next customer.
In all the problems we provide extensive numerical results. Also, we study the effect of various parameters on the optimal policy.
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Znv mapovoa ddaKToQLkT) dtatoLft) dtepevvatal to ITpopANpa AgopoAdynone Oxnudtwy HoAAanAwv ITeguodwv pe Xpovikd Iapabvoa (ITAOITIIXTI).
Ka&Oe meAatne oyxetiCetar pe éva xoovikd mapdbuvoo mepuodwv (XIIII), to omolo opiletat we to oUVOAO TEQLOdWV €ELTNEETNONG. LTOXOG Elval 1)
eAaxloTOTOIMON TOL KOOTOUG OQOMOAGYNONG &vtog 0pillovia MOAAATAMVY TeQLOdWV Aappavoviag LTOYn TEQLOQLOUOVS XQOVIKWV TaQafvowy,
XWONTIKOTNTAS OXNUATWY KAl XQOVIKWOV TaQatfUowV TteQLOdWV.

[Nagovolklovpe éva yevikod povtédo, pia pneBodo axpiBovs emiAvong Paoet g Avvauikrg Anuoveyias MetaBAntwy (AAM — Column Generation) ko
TMEOTELVOVTAL VO VEES ATIOTEAEOUATIKEG TEXVIKES emiTAxLVONG TS AAM yia Vv e0peon KaTWTATtwy 0Qlwv. Ol TEXVIKES AUTES eKUETAAAELOVTAL TIG
TOAAQTIAEC TTEQLODOVE WOTE VA AVAYVWOELOTOUV OHOLOTNTES EVTOC TWV VTOTIROBANUATAOV Kal va arto@evxOel ) emiAvon OAwv Twv vTOTIEOBANUATWY O
ka&0e emavaAnn. H amodotikdtnta twv pnefodwv eAéyxOnke yia magapéToous Omws 1 YEWYQAPLKT] KATavour Twv meAatwv kot ta vrtodelypata XIIIT.
LV MAELOVOTTA TWV TEQLMTWOEWYV, OL VEEG HEDODOL TLYKALVOUV YOI YoROTEQ OTNV BEATIOTN AVOT TOL XAAQQWHEVOL TIQOPRAT|UATOS, EOLKOTEQR OTIG
TMEQLTMTWOELS avENEVNS ToAVTIAOKOTNTAG (eveia XTIIT).

I v evpeomn twv BéAToTwV aképatwv Avoewv oto ITAOIITIXIT vAomom|Onke péBodog branch-and-price. [Tpoteivovtat dvo otEaTNYkéS dAKAADWOTNG
OV AQUBAVOLY LTTOYN TIC TOAAATIAEC TTEQLODOVE, KAOWGS KAl pia amtAT) péB0dOC pruning mov emTayVVEL TNV eMALOT) Kol TQOOEYYIoEL TIS BEATIOTES AVOELS.
I v emiAvon tov ITAOIIIIXIT oe Extetapévo Xooviko Opilovta, meotabnke 1 X01or KuAopevou xoovikov opiCovta (KXO). Agxika, dxtumawOnkav
TOELS OEWONTIKES DATUOTWOELS OXETIKA UE TNV ETUOQAOT) TOL 0QiloVTa LAOTIONOMG Kot MEOYQAMUATIONOV. ['ix tv epagpoyn tov KXO mootabnkav
TQOTIOTIOW|OELS 0TIV AVTUKELUEVIKT) CUVAQTNOT) Kot 0T péOodo emiAvoT|c ot omoleg apoovy T avaBoAr) g eEVTNEETNOTG TTEARTWY Ao TOV éva 0pllovTa
TMEOYQAUHUATIOMOV oTov emopevo. EmumpooOeta, peAetwviar dvo megumtwoels KXO (Mui-otatkr] kat dvvapukn). ' kabe pia, avayvwoiletatr to
KATAAATNIA0 000G TOL 0QILOVTA TTEOYQAUHATIOUOU KXL VAOTIONOTG BATeL TOAAATAWV TTAQALETOWV.

TéAog, avtipetwniCetat pia magaAAayn MEAKTIKNG onpacias. Tty magaAdayn avtr, eEummneetovvtat dVo eidn meAatwv: (&) 1o avateOelpévol oe
oxNUATA KAt TTEQLODOVS TOL XQOVIKOU 0pilovTa, Kal (3) evéAukTol Kot duvaikol meAdtes. Ot aTaQALTNTEG TEOTOTOW)OELS TOL HAONUATIKOD HOVTEAOL Kot
G nedodov emiAvong tov ITAOIIIXIT avaAvovtal, Kot THQOLOLALETAL 1) ATIODOTIKOTNTA TwV HEOOdWV (LEOW EKTEVOVG TTELQAMATIKNG avAAvOonc) oty
Aappavovtat vtoyn peyYaADTEQOL XQOVLIKOL 0QILOVTEG.

Abstract

In this dissertation we investigate the Multi-Period Vehicle Routing Problem with Time Windows (MPVRPTW), in which orders are related to a period window
(a set of service periods). Routing costs are minimized over a planning horizon, respecting period window, time window, and capacity constraints. We present a
general model and an exact approach to solve this problem based on the column generation method. We also propose two novel, efficient techniques to speed




up the column generation method for obtaining lower bounds. The proposed techniques exploit the multi-period setting in order to identify similarities within
the subproblems and avoid solving all subproblems at each iteration. We evaluated the performance of the proposed methods systematically for various
parameters, such as customer geographical distribution and period window patterns. In most cases, the new methods improve significantly the efficiency of
convergence to the optimal solution of the relaxed problem, especially in the computationally expensive test cases with wide period windows.

Integer optimal solutions to the MPVRPTW are provided through a branch-and-price implementation. We propose two strategies that consider the multi- period
characteristics of the problem, in addition to a simple pruning heuristic that speeds up the solution procedure and provides efficient results.

For solving the MPVRPTW in long-term horizons, we propose a rolling horizon framework. Initially, we discuss three theoretical statements that provide insights
on the effects of the planning and implementation horizons in the final solutions. Subsequently, in order to apply rolling horizon routing, we propose significant
modifications to the model and the solution approach for the MPVRP; these modifications concern the ability to postpone serving customers for later periods.
We investigate two rolling horizon settings (quasi-static and dynamic) and we establish the recommended values for the planning and implementation horizons,
under a wide range of parameters, such as customer geographical distribution and time window width.

Finally, we address a practical variation, which regards a hybrid service policy that includes (a) inflexible (pre-assigned to specific vehicles) and (b) flexible
customer orders. For this case, we propose the necessary modifications to the MPVRP model and solution approach. Extensive experiments show that
significant cost savings can be achieved by considering longer planning horizons in the planning process.
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ITegiAnym

Znv magovoa daKToQLkT) datoLfr) dtepgevvatal to ITpopANpa AgopoAdynone Oxnudtwy HoAAanAwv ITegrodwv pe Xpovikd IapaOvoa (ITAOITIIXTI).
Ka&Oe meAartne oyxetiCetar pe éva xoovikd mapdBvoo mepuodwv (XIIII), to omolo opiletal we to oUVOAO TEQLOdWV €ELTNEETNONG. LTOXOG Elval 1)
eAaxloTOmOIMON TOL KOOTOUG OQOMOAGYNONG &vtog 0pllovia MOAAATAWMVY mEQLOdWY Aappavoviag LTOYn TEQLOQLOUOVS XQOVIKWV TaQafvowy,
XWONTIKOTNTAG OXNUATWY KL XQOVIKWV TaQatfUowV TteQLOdWV.

ITagovotdlovpe éva yYevikd povtéAo, pia néBodo akopoig emiAvong Paoet g Avvapiknc Anuoveyiag MetapAntav (AAM — Column Generation) ko
mEOoTELVOVTAL VO VEEC ATIOTEAEOUATIKEG TEXVIKES emiTAxLVonG e AAM yia v e0peon KaTTatwy 0Qlwv. Ou TeXVikég avTéc ekpeTaAAebovTat Tig
TOAAQTIAEC TTEQLODOVE WOTE VA AVAYVWOELOTOUV OHOLOTNTES EVTOC TWV VTOTIQOBANUATAOV Kal Vo aro@evxOel n emiAvon OAwv Twv LTOTEOPANUATWY O
ka&0e emavaAnn. H amodotikdtnta twv pnebodwv eAéyxOnke yia maQapéToous Omws 1 YEWYQAPLKT] KATavour Twv meAatwv kot ta vrtodelypoata XIIIT.
LV MAELOVOTTA TWV TEQLMTWOEWYV, OL VEEG HED0dOL TLYKALVOUV YOI YoROTEQ OTNV BEATIOTN AVOT TOL XAAAQWUEVOL TIQOPATIUATOS, EOLKOTEQR OTIG
TMEQLTMTWOELS avENpEVNS ToALVTTAOKOTNTAG (eveia XTIIT).

I v eveomn twv BéAToTwV aképatwv Avoewv oto ITAOIITIXIT vAorom|Onke péBodog branch-and-price. [Tpoteivovtal dvo otoaTnYikés dAKAADdWOTNG
IOV AQUBAVOLY LTTOYN TIC TOAAATIAEC TTEQLODOVGS, KAOWCS KAt pia amtAT) pEB0dOC pruning mov emTayVVEL TV eMALOT) Kol TEOOEYYLoEL TIS BEATIOTES AVOELS.
I v emiAvon tov ITAOIIIIXIT oe Extetapévo Xooviko Opilovta, meotabnke 1 X01or KuAopevou xoovikov opiCovta (KXO). Agxika, daxtumawOnkav
TOELS OEWONTIKES DATOTWOELS OXETIKA UE TNV ETOQAOT] TOL 00iLoVTA LAOTIONONG Kot MEOYQAMUATIONOV. ['tx v epagpoyn tov KXO mootaOnkav
TQOTOTIOW|OELS OTNV XVTIKELLLEVIKT] CUVAQTNOT) KAt 0T pEB0d0 emiAvOT|S OL 0TtoleS APOQOVV T avaPoAT) TG eEVTINEETNOTG TTeEAAT@WVY amtd Tov éva oQLlovTa
TMEOYQAUUATIOMOV oTov emopevo. EmumpooOeta, peAetwviar dvo meoumtwoels KXO (Mui-otatkr] kat dvvapukn). ' kabe pia, avayvwoiletatr to
KATAAATNIA0 €0QOG TOL 0QILOVTA TTEOYQAUHATIOUOU KXL VAOTIONOTG BATEL TOAAATAWV TTAQALETOWV.

TéAog, avtipetwniCetat plo magaAAXyn MEAKTIKNG onuaciac. Xty magaAAayn avtr), eEvmnoetovvtal dvo &ldn meAatwv: (a) 10N avateOelpévol oe
OXNHATA Kal TTEQLODOLS TOL XQOVIKOU 0pilovta, kat () evéAkToL Kat duvapikol meAates. Ol amaQALTNTEG TQOTMOMOWTELS TOV HABNUATIKOV HOVTEAOL Kol
e pHeBodov emiAvong tov TTAOIIIIXIT avaAvovtal, kot magovotiletat 1) amodOTIKOTNTA TV HEDOdWV (LETW EKTEVOUS TTELQAHUATIKNG AVAALOTG) OTAV
Aappavovtat vty peYaADTEQOL XQOVLIKOL 0QILOVTEG.

Abstract

In this dissertation we investigate the Multi-Period Vehicle Routing Problem with Time Windows (MPVRPTW), in which orders are related to a period window
(a set of service periods). Routing costs are minimized over a planning horizon, respecting period window, time window, and capacity constraints. We present a
general model and an exact approach to solve this problem based on the column generation method. We also propose two novel, efficient techniques to speed
up the column generation method for obtaining lower bounds. The proposed techniques exploit the multi-period setting in order to identify similarities within
the subproblems and avoid solving all subproblems at each iteration. We evaluated the performance of the proposed methods systematically for various
parameters, such as customer geographical distribution and period window patterns. In most cases, the new methods improve significantly the efficiency of
convergence to the optimal solution of the relaxed problem, especially in the computationally expensive test cases with wide period windows.




Integer optimal solutions to the MPVRPTW are provided through a branch-and-price implementation. We propose two strategies that consider the multi- period
characteristics of the problem, in addition to a simple pruning heuristic that speeds up the solution procedure and provides efficient results.

For solving the MPVRPTW in long-term horizons, we propose a rolling horizon framework. Initially, we discuss three theoretical statements that provide insights
on the effects of the planning and implementation horizons in the final solutions. Subsequently, in order to apply rolling horizon routing, we propose significant
modifications to the model and the solution approach for the MPVRP; these modifications concern the ability to postpone serving customers for later periods.
We investigate two rolling horizon settings (quasi-static and dynamic) and we establish the recommended values for the planning and implementation horizons,
under a wide range of parameters, such as customer geographical distribution and time window width.

Finally, we address a practical variation, which regards a hybrid service policy that includes (a) inflexible (pre-assigned to specific vehicles) and (b) flexible
customer orders. For this case, we propose the necessary modifications to the MPVRP model and solution approach. Extensive experiments show that
significant cost savings can be achieved by considering longer planning horizons in the planning process.
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ITegiAnym Ly maovoa dOAKTOQLKT) DATOLBT) DLEQEVVWVTAL VTNQEETLES HETAPOQAS EMIPATWV HE EWIKEG ATIUTNOELS LE TN XO10T) HéOwV HAlIKTG HLETAPOQAS VTIO

KQAVOVIKES KAl EKTAKTEG OLVOTKES. LUYKEKQLUEVA, 1] TAQOVOX DLATOLBT) AQX LKA ETUKEVTQWVETAL OTOV OXEDLAXOUO EEATOUKEVUEVWV HLETAPOQLKWV VTINQECLWV
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He T XONon HéowV HAlIKNG UETAPOOAS, KoL OUYKEKQLUEVA TOL dNUOOLOL CLOTHHATOS Aew@opeiwv. EmumAéov, efetdletal mwg oL OXeTIkEC LTINEETLES
dvvavtat va BeAtiwboly evioxvovtag To oLoTNUA Aew@opeiwv pe pobwuéva oxrjpata. Ot ev Adyw vmneoieg €XOUV OTOXO TV TIAQOXT] KIVITUKOTITAG
LPMATg ToTNTAG T€ dTopa MOV XONCOLV €KWV OLVONKWV HETAPORAS, eV Aapavetat vTOPN KAl To OXETIKO KOOTOC. 't T peAétn avtwv Twv
OLOTNUATWV 0QLOTNKAV VE TIEOBANUATA TQOYQAMUATIOHOD DQOMHOAOYIWY, T OTOI0 JATLTIONKAV WG MEOPAT|HUATA HEKTOV YOAUMIKOU akeQalov
TEOYQAHHUATIOMOV KoL eTAVONKaY pe véeg reBodouvg KAddov kat Amotipmong (KA). Entiong, ote&nNxOnrav extetapévec mepapaticy HEAETES Yia TO KAOe
ovotua pe ) Borfeta twv avtiotolywv pebddwv KA yvix v peAétn g emidoaons twv Paoikwv MAQAUETOWY TWV OLOTNUATWY OTHV TOLOTNTA
eEvmnpétnone. Emiong, otnv magovoa dixtoLfr] dLEQELVAVTAL TEQLMTWOELS EKKEVWIEWY TIEQLOXWYV €V OPEL EKTAKTWY KATAOTACEWV. L'tar TV megimtwon
avT, OLERELVOUUE TO TQEOPANUA TOU TIQOYQAUMUATIOHOU EKKEVWONG TEQLOXWV HE TN XONON LQLOTAHEVWY ONUOOLWV OLOTNUATWY AEWPOQEiwY,
Aappdvovtag LTIOYPN ONUAVTIKOUS TEQLOQLOUOUG TOL oxeTiCovTal pe N duvapkdtnTa Twv dxOéouwy katapuyiwv. Emmpoofétwe, dtepevvolpe
ETEKTAOT) TOV TIAAQATIAV@W TIOOPAT|ATOG, 1) OTIOIX APOQK TI HETAPOQA TOAVHUATIOV O VOOOKOUELAKES LOVADES, E(TE HOVIUES KAL LEYAANG OUVARLKOTTAG
elTe MEOOWELVES KAt UkENS duvapkotTac. 't v emiAvon twv mMEoPANUAT@Y ekkévwong avamtvéape éva mAatoto emiAvong dVo @aoewv, To omolo
oLVOLALEL KATAAANAX YVWOTEG evpeTicés Kot axpiBelc ne@odovs. H megapatikn) diegevvnon oxeTik& pe ta mMooPANHATA EKKEVWOTS APOQOVOE TNV
AELOAGYNOT) TOL TTEOTELVOLLEVOL LBQIKOV TMAXLOIOL AQX KA, ETUKLEWONKE 1) TOLOTNTA TWV AVOEWV TIOL TIAQAYOVTAL ATO TO LEEWILKO MARLOLO CLYKQLIVOVTAG
TEC UE TIC PEATIOTEG AVTELS TTOV TTAQAYOVTAL ATIO TNV ETUAVOT) TOL HAONUATIKOV HOVTEAOL YL MQOPAT|HaTA pkEns KALpakas. TéAog, ekpetaAAevopevol
HEQUKA ATTO T OTUAVTIKA XAQAKTNOLOTIKA TWV TRQATIAV® TEOPANUATWY, KaOwS kot Twv pebddwv emAvong mov avartixOnNKav yix avtd, HeAETOALLE
eWOKEG MEQLMTWOELS 0TOV TOopéx TV logistics. Ot edkég meQLmTwoels Tov Topéa Twv logistics ov peAetOnKay apoovv T dQOUOAGYNOT) EVOS OXTILATOS
Kot dV0 ONUEIWV AVATIATIOWONS TOL ATIOOEUATOC TOL OXTUATOC.

Abstract

In this dissertation we investigate paratransit services, which support mobility for people with a disability, under normal and emergency conditions. For
paratransit services under normal conditions, we introduce and study Scheduled Paratransit Transport Systems (SPTS), in which a public transportbus is allowed
to diverge from its nominal path to pick-up paratransit passengers and drop them off at their destination. Subsequently, we investigate SPTS-T, an interesting
enhancement of SPTS, which aims to satisfy the entire paratransit demand by combining SPTS with accessible taxi (or private hire) services. The problem objective
is to minimize the cost of the combined transportation system, while serving all paratransit requests and offering sufficient level of service. For each of the above
systems, new routing problems have been modeled and solved by exact Branch and Price frameworks. We have studied SPTS and SPTS-T with respect to its
significant design parameters, and proposed guidelines for the efficient development of such systems in various transport environments. In the area of paratransit
services under emergency conditions we investigated the problem of evacuating the residents of a region in case of an emergency - the bus evacuation problem.
We have developed a hybrid algorithm that incorporates the column generation framework, with the well-known meta-heuristic methods LNS and VNS. We
also have studied an interesting variation of this problem, which deals with the evacuation of casualties from several triage points. This case may be encountered
in a battlefield or after disasters (natural catastrophes, terrorist attacks, etc.), in which a significant number of casualties should be transported to available medical
facilities. Extensive experimental results have indicated that for both cases the proposed framework provides near optimal solutions for small scale instances,
and efficient solutions in reasonable computational times for problems of practical scale. Finally, we study the implications of the above research in logistics




cases, in which conditions similar to those of the aforementioned transportation problems hold, including routes with strict sequences, or limitations for the
capacities of collection/gathering centers. Specifically, we have examined three interesting cases of the single vehicle routing problem with a predefined client
sequence and two load replenishment warehouses.
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ITegiAnym Xrn magovoa dtatoPn dtegevvatat to IpdBAnua Avvapikrg AgopoAoynons Oxnuatwv pe HaoaAaBés (ITAAOLL). Ltoxog tov meoPAnuatos eivat 1

BéATiotn avabeon dUVARIKOV ATATNOEWY TIAQAAAPWY TOL AUBAVOVTAL 0€ TMQAYUATIKO XQOVO 0€ OTOAO OXNUHATWV Tov ekTeAel TQokaOopLopéva
OPOHOAGYLAX «OTATIKWV» Taad00ewV. To MEOBANUA EVOWUATWONG TWV DUVAIKOV ATTALTHOEWY XVTLLETOTICETAL pe TTeQLodK] avadopoAdynon. [ v
ETUAVOT) TOV TTEOBATIUATOS AVADQOHOAGYNONG, TIROTEVETAL VEO HaBNUATIKO HovTéAD, kaBwG Kat véx mEooéyyton BEATIOTNG eTiAvong Héow TG peBddOoL
Branch-and-Price (B&P). ['ia v emiAvon amairttikdv mEoPANUATwyY (TT.X. XwlS XEOVIKA Tapabvoa), TEOTEVETAL KALVOTOUOG £vEeTkn) HUEO0dOG
niapePBoAng (insertion heuristic) mov PaciCetar ot uébodo Avvapuxng Anuoveylas MetafAntov (AAM 11 Column Generation) kot TaQéx et
ATIOTEAETUATIKEG AVOELS 0€ TUVTOUO VTTOAOYLOTIKO XQOVO HLE LKQT) ATIOKALOT Ao T BEATIOTN.

XONOLUOTIOLWOVTAG T TTROAVAPEQOUEVT] TIQOOEYYLOT), 1] DATOLBT) ETMKEVIQWVETAL ETLONG OTN dLAXdIKATIt AVADQOLLOAGYNOTG, TTOL ATIOTEAE(TAL ATIO: O) TNV
TIOALTLKT] AVADQOHOAOYTONG (CLXVOTNTA), KAt ) TN TakTukr) AoTomone. H teAevtaia oxetiCetat pe To TUNUA TOU DQOHOAOYIOV TIOU KOLVOTIOLEITAL OTOV
001 Y6 mEOog ekTéAeomn. [lagovoikloval Kot AVAAVOVTAL TOAKTIKES OTOATIYIKES AVADQOOAOYNOTS (CUVOLATHUOG TTOALTIKT|G KL TAKTIKNG) HEOW EKTEVOUG
TEELQAUATLKT]G DLEQEVLVIIONG, AOXIKA OEWRWVTAS ATIEQLOQLOTO OTOAO OXNUATWV daBEoLUo e 0TOXO LOVO TNV eAaxLoToToMmoT Tov kooTovs. Baoel twv




ATIOTEAETUATWY, TTOOTELVOVTAL 0dNYLES VI TNV LIOOETNOT TS KATAAANAOGTEQNS OTOATNYIKTG AVADQOUOAGYNONS AVAAOYA LLE TA EKAOTOTE X XQOKTNQLOTLKA
TOL TEQUBAAAOVTOG TNG EQPODLATTIKNG XAVOIDAG (TT.X. YEWYQAPLKT) KATAVOLL], XQOVIKA TtaapdBuoa meAatav, duvapkotnta, KAT.). AkoAovOwg, peAetatal
TEQLTMTWOT) TEQLOQLOLLEVOL OTOAOL OXNUATWY OTNV OOl LLOVO v LEQOG TWV DUVAKWV ATIALTIOEWY UTIOQEL vax eEvmtnoetnOel. ' TV avTipeT@nion Tov
MEOPAT|HATOS, TEOTElvOVTaL oL amagaltntes aAlayés tooo oto povtédo TIAAOIL o6oo xkat otn péBodo emiAvone. Ocov agood to mEOPANM
aVOdQOUOAGYNOTG, XONOLUOTOLOVLLE AQX LKA Lot CUMPATUCT) AVTUKELUEVLKT] CUVAQTNOT), T) OTIOLX TIROOTIADEL VA LLEYLOTOTIOMOEL TNV EEVTNQETNOT) TTEAXTV.
I v megimtwot auTr), LTOOEKVVOVE HEOW TELRAUATLKTG OLEQEVVNOTS TWS OL OTOATITYLKES AVAOQOUOAGYNOTG TAQOVOLALOVY TTAQOHOLX TUITIEQLPOQL
e TN mEQLMTWOT) 1oL 1) O ETIHOTNTA TOL OTOAOL EVAL ATTEQLOQLOTT). LT CLVEXELX, TQOTELVOVTAL KALVOTOUES AVTIKELUEVIKEG CUVAQTIOELS, OTIG OTIOLEG
Aappavetatl VTOYN 1 TAQAYWYLKOTNTA TWV OXNHUATWY, TAQOLOLALOVTAS ETOL HEYAAVTEQO TEQLOWOLO Y TNV EEVTINEETNOT) DVVAUKWOV ATIALTIOEWY TIOL
O TaEOLOIAOTOVY O0TO HEAAOV, EWIKA O& TEQLMTWOELS HE OXETIKA LPNAL dAOeTIUOTNTA OXNHATWY Kal pHeyAAa xoovikad maoabuvoa. Emimpdobeta, ot
TIOOTELVOMEVES HEOODOL EPAQUOLOVTAL O€ TOAYHATIKO OEVAQLO ETALQEIAG TAXVHETAPOQWY KAL ETUIELKVVETAL TIWS ATIOPEQOLV PEATIWHEVA ATOTEAETUATA
OUYKOQLTLIKQ LLE TIG XONOLUOTOLOVLLEVES TIOAKTIKESG DQOUOAOYN OGS KAOWGS KAt pLe OO Y EVT eveTikr) HéD0dO. TéAoC, peAeTdTal evOla@EQovon Kol TQAKTLKT)
naQaAAayn] tov ITAAOIT mov emitEémel HETAPOQTWOT] HETAED TV OXNUATWV KATA T OLAQKELX EKTEAEONC TOUL DQOMOAOYIOU, HE KUQLO OTOXO TNV
OVOKOTAVOLT] TOU POQTOV EQYAOLAG TWV «OTATIKWV» QXYY EALWV TTAQADOOTG TE TIOAYLATIKO XQOVO.

I v emiAvon Tov MEOPATIUATOS AVADQOUOAGYNONG HE HETAPOQTWOT), TOOTELVETAL KALVOTOUO HAONHATIKO HOVTEAO, KABWS KAl KATAAANAT €LQETIKT)
HEOBODOGC, LKAVT] VA AVTIHETWTIOEL TTEQLTITWOELS TMQAKTIKOV HeYEDoUS. EmmAéov, eKTeVI|c MEQAUATIKTY DLEQEVVIOT KATW ATO OLAPOQES ETILXELQNOLAKES
oLVONKES VTTODELKVVEL TTWGS 1) OUYKEKQLUEVT] TTQOOEYYLOT] ATIOPEQEL OTUAVTIKES PEATIOOELS, ETUTQOODETA ATIO AVTES TIOV TIQOTPEQOVV OL TIOOTYOULLEVEG
TEOOEYYIOELC.

Abstract

In this dissertation we studied the Dynamic Vehicle Routing Problem with Mixed Backhauls (DVRPMB), which seeks to assign, in the most efficient way, dynamic
pick-up requests that arrive in real-time while a predefined distribution plan is being executed. We used periodic re-optimization to deal with the dynamic arrival
of pick-up orders. We developed the formulation of the re-optimization problem, and re-modelled it to a form amenable to applying Branch-and-Price (B&P) for
obtaining exact solutions. In order to address challenging cases (e.g. without time windows), we also proposed a novel Column Generation-based insertion
heuristic that provides near-optimal solutions in an efficient manner. Using the aforementioned approach, the dissertation focused on the re-optimization process
for addressing the DVRPMB, which comprises a) the re-optimization policy, i.e. when to re-plan, and b) the implementation tactic, i.e. what part of the new plan
to communicate to the fleet drivers. We presented and analyzed several re-optimization strategies (combinations of policy and tactic) often met in practice by
conducting an extensive series of designed experiments. We did so, by assuming initially unlimited fleet resources under a straightforward objective (i.e. minimize
distance traveled). Based on the results obtained, we proposed guidelines for the selection of the appropriate re-optimization strategy with respect to various key
problem characteristics (geographical distribution, time windows, degree of dynamism, etc.).Subsequently, we In this dissertation we studied the Dynamic
Vehicle Routing Problem with Mixed Backhauls (DVRPMB), which seeks to assign, in the most efficient way, dynamic pick-up requests that arrive in real-time
while a predefined distribution plan is being executed. We used periodic re-optimization to deal with the dynamic arrival of pick-up orders. We developed the
formulation of the re-optimization problem, and re-modelled it to a form amenable to applying Branch-and-Price (B&P) for obtaining exact solutions. In order to




address challenging cases (e.g. without time windows), we also proposed a novel Column Generation-based insertion heuristic that provides near-optimal
solutions in an efficient manner. Using the aforementioned approach, the dissertation focused on the re-optimization process for addressing the DVRPMB, which
comprises a) the re-optimization policy, i.e. when to re-plan, and b) the implementation tactic, i.e. what part of the new plan to communicate to the fleet drivers.
We presented and analyzed several re- optimization strategies (combinations of policy and tactic) often met in practice by conducting an extensive series of
designed experiments. We did so, by assuming initially unlimited fleet resources under a straightforward objective (i.e. minimize distance traveled). Based on
the results obtained, we proposed guidelines for the selection of the appropriate re-optimization strategy with respect to various key problem characteristics
(geographical distribution, time windows, degree of dynamism, etc.). Subsequently, we studied the case in which the number of available vehicles is limited and,
consequently, not all orders may be served. To address this, we proposed the required modifications in both the DVRPMB model and the solution approach. By
using a conventional objective that strictly maximizes service, we illustrated through appropriate experimentation that the performance of the re-optimization
strategies have similar behavior as in the unlimited fleet case. Furthermore, we proposed novel objective functions that account for vehicle productivity during
each re-optimization cycle and we illustrated that these objectives may offer improved customer service, especially for cases with relatively high vehicle
availability and wide time windows. Moreover, we applied the proposed method to a case study of a next-day courier service provider and illustrated that the
method significantly outperforms both current planning practices, as well as a sophisticated insertion-based heuristic. Finally, we investigated an interesting and
novel variant of DVRPMB that allows transfer of delivery orders between vehicles during plan implementation, in order to better utilize fleet capacity and re-
distribute its workload as needed in a real-time fashion. We introduced a novel mathematical formulation for the re- optimization problem with load transfers,
and proposed an appropriate heuristic that is able to address cases of practical size. We illustrated through extensive experimentation under various operating
scenarios that this approach offers significant savings beyond those offered by the previous approaches

that do not allow order transfers.
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ITegiAnym Yrov Topéa g CwUATOAKTG QUOLKTS TO TTAEOV ETUTUXNUEVO HOVTEAO Yia THV axoLPn] meoryeapr) Twv OeleAlwdwy oLOTATIKWOV TG VANG aAA& kat yix

™V eENynon twv aAAnAemidpdoewy, etvat to Aeydpevo Kabiepwpévo Ilpdtumo 1) Standard Model (SM). H Oewola avt) meprypdpel ta owpatidwx tng VANG
KaOws KAl Tot CWHATOW-OQEIS Twv aAAnAemidpdoewy. [To ovykerkQéva, Tar cwpaTidw T VANG €éxouv KAaouatuko spin kat aAANAemidpovy petalv
TOUG AVTIAAARTTOVTAGS TA OWHATIOX-QOQELS TV DVVAEWV OTIWG 1) LOXLEN, ] a00 VTS Kat 1 NAekToopayvn Tkt dvvaun. Ta cwpatidix avt amoktovy (1)
oxL) pala péow tne(pmn) aAAnAemnidgaor|s toug pe to redio BEH (Brout-Englert-Higgs). 'Apeoa ovvdedepévo pe to medio BEH eival to cwpatidowo Higgs, To
omoio avakaAveOnke oto CERN tov Iovvio tov 2012.ITap 0Tt T0 OewonTiid mAQioto avtd €xeL EKTEVOS ATtodelDel MELQAUATIKA Kot OLDERIA ATTOKALOT) ATIO
avTo éxeL petonOel HEXOL TWOA, APTVEL KATIOLX AVOLXTA EQWTIHATA T OTolar deV UTTOQOVY vt eENynBolv Xwols eloaywyr] KATIOLAS TOOEKTAONS OTO
POQUAALTHO TOV. YTTAQXOUV YL TTAQADELY A OXPELS eVOELEELS OTL TO SM amoTeAel T XAHUNAOEVEQYELAKT] TTQOOEYYLOT] LG YEVIKOTEQNGS OEwQlag, OLUVETIWGS
OEV TEQLYQAPEL OAOKATIQWHEVA TNV CWHATIOLKT] PLOLKT]. Meoued amd T mMQOPATIHATA 1] AVATIAVTITA, TIQOS TO TTAQOV, EQWTIHATA TNG PUOLKIG T Omoia
OLVITYOQOVV OTNV VTIAQEN VEAS pLOLKTS Ttéea Tov SM (BLM=BeyondSM) eivarl ta e€nic:

® Ot tepaoTieg ‘pn puotkés’ dlogBwaoels otnv pala tov Higgs 1) aAALde to mopAnUa g tepaoxiag twv owpatdiwy. [To ovykekoipéva, to meopAnNa g
LEQAQXLAC AVAPEQETAL OTIS TEQAOTLEG OLXPoEES HetalV g HAektoao0evois kAlpakag (1100GeV) kat tng kAtpakag tov Planck (11019 GeV).

* H un evomoinomn twv Towv duvapewv aAAnAemidpaons otnv kAipaka mov meoPAémetal and ) Bewola tov GUT (Grand Unification Theory) ota 1015
GeV. H Oewola avtr) mpoPAEmer 0TL To SM avrjkel o€ pua peyaAvteen opada ovppetolag, v SU(B).

* H mpoéAevon tng okotewvrc VANG kat evépyetac. Ta kuptdtepa LTTOYTPLX CWHATIOLX WG CLOTATIKA TNG OKOTELVIG VATNG elvarl ekelva Tov aAANAeTdQOVV
a00evag e TNV VAN Kat éxouv peyaAn pala, yvwota kat wg WIMPs (Weakly Interacting MassiveParticles).

* H amovoia kpavtikng Oewoiag pagvtnrac. Ta avowkta avta egwtrpuata kaBlotovv onuavtuen Ty OepeAionon pag evguteens Oewlag 1 omoia va pEet
TUO KOVTA TNV ETUOTIUN OTNV KATAVONOT] TOL CUUTAVTOS Yl VA EQUNVEVOEL TOOO TQOPATILUATA TOU UKQOKOOUOU 08 LPYNAOTEQES EVEQYELXKES KAIAKEG,
000 KoL TOL HAKQOKOOUOL. Mia artd Tig o diadedopéves Oewgles, ) omola UTtoQel var dWOEL ATIAVTIOT) 0T TEQLOTOTEQA ATIO T TTAQATIAVW EQWTILLATA,
etvat 1 Oewolia g Ymepovupetoiag (Supersymmetry -SUSY). Zougpwva pe tnv SUSY, yia kd0e owpuatidlo vtdoxeL 0 VTEQOVHIETOLKOG TUVTEOPOG TOV,
dmAaotalovtag €Tt tov aplOpod twv OepeAlwdwv owpatwiowv. Ta copatidw avta dnpovgyovvtat o€ Cevyn Kal, av datnoeltat évag KPavTikog aotduog
YVwotos ws R opotipia, Oa dixomwvtat péxot ) dnuoveyla tov eAagpeitegov Ymepouppetoikol owpatdiov(Lightest Supersymmetric Particle-LSP) to
omolo avapévetal va etvat ota0ego. To LSP, yvwoto kat wg neutralino, ovpfoAiletal X0, elvot ovdéTeo kat, OTwS KL T VETOLVA, dla-pevyeL avixvevong
Kat umoet vao petonOel povo péow g xapévng evépyelac. To yeyovog ot to X0 eivar ovdétepo, otabepd kat aAAnAemdod aoOevag pe v VAT, T0
kaOota -davuco vroyn@o yix WIMP. Ta cwpatidwr avta meoolétovy tix akdpa ovppetola otnv Aavykoatliavr) tov SM, xdoen otV omnoio ot Teelg
duvapelg aAAnAemidpoaong Oa pmogovoay va evoromOovv. H avalrton twv SUSY cwuatidiawy eivarl évag amod Toug Bagikolg EQEVVIITIKOVG OTOXOUG TOV




erutayvvtr) LHC (Large Hadron Collider) oto CERN. H épevva Eexivnoe amd v mowtn péoa Aertovpyiag tov LHC pe apxikés evégyeleg k€vToov pHalag
Vs =7 T eV . Katd ) didgkela g Mg megtddou Aettovgyiag, Yvwot] wg Run I, avakaAtgOnie to owpatido Higgs amd ta meipdpata ATLAS ko CMS.
To 2012, o LHC otapdatnoe tn Aertovgyia ToL Y dL0 X0Ovia €Tl WOTE VO MEAYHATOTIONO0UV 0QLOEVES TEXVIKEG DLEQYATLES OL OTIOLES ETTETOEYAV OTOV
ETUTAXVVTH VA OVYKQOVOEL TRWTOVIA O evéQyetes éwg kat \s = 14 T eV . H emavévagén tov LHC éAae xoa to katokaiol Tov 2015 (Run Ikat ot
OUYKQOUOELS AVALEVOVTAL VO OLVEXLOTOVV LEXOL To 2019, dTov €xel mooyoappatiotel 1) devteen avapaduion (Phase I) twv mepapatov yia avtoxr] ko
KaAUTeQN amddoon og LPNAOGTEQOVS QUOHOVS CUYKQOLONG TWV dETHWY. MeTd TV deUTEQN AVAPAOLLLOT), OL OUYKQOVOELS aVaUEéVOVTAL VA EEKLVIIOOLV TO
2021 (Run IIT).To avTikelpevo TOU MEWTOL HEQOUG TNG TTAQOVOAS DIAXTOBTS APOQA TNV 0QYAVOAOYIA KOl TIO OUYKEKQLUEVA TIG [LEAETES TMEOTLTIWY BAAR WY
avixvevong poviwv ot omoiol Oa eykataotabovv oto meipapa ATLAS katd ) diapkeia tov Phase 1. To devtepo Hépog g datoLprs apoda TNV avalrtnon
véag QLOIKNG HEow TNG TOAVTIS AViXVELONG VTTEQOVUUETOKWOV OwHATWIwV. I'ia To oxomd yonoomomOnkay moorypaticd dedopéva amd to Run L

Abstract

Supersymmetry is one of the leading theories which could explain shortcomings of the Standard Model, such as the hierarchy problem, but also address
phenomena such as dark matter. This thesis presents two searches of Supersymmetry through the electroweak production of charginos and neutralinos decaying
into three leptons (electrons and muons) and large missing transverse energy using data collected in ATLAS from pp collisions at ps=8TeV. The rest study aims
at large mass differences between the lightest and next-to-lightest neutralino, referred to as the bulk region", whereas the second study focuses on the small mass
differences, a region known as compressed spectra. No significant data excess above the Standard Model was observed, however exclusion limits were set on
masses of Supersymmetric particles. In particular, as far as the studies of the bulk region are concerned, extrapolating the sensitivity of the signal points to cover
the whole WZ-mediated grid lead to an expansion of the exclusion of the charging mass to 387 GeV from 350 GeV for low lightest-neutralino masses. In the
compressed spectra region, for the mediated simplied model, low mass splitting points were excluded up to 280 GeV for chargino masses in the compressed
region. As for the WZ-mediated simplied model, a handful of low mass splitting points are excluded, therefore 1D limits were set instead. In the course of
improving the chances of observing new physics in the future, additional studies were performed in this thesis, regarding the new muon MicroMEGAS detectors
to be installed in the New Small Wheel in 2019. Significant contribution was made on understanding the behavior of the front-end readout ASIC prototype
(VMM1)of the MicroMEGAS and sTGC detectors, under harsh radiation environments, such as those expected in ATLAS during Run III. For this purpose, two
VMM1s were exposed in a neutron irradiation environment using the TANDEM Van Der Graa accelerator at NSCR Demokritos, Athens, Greece. The system's
digitizer Field-Programmable Gate Array (FPGA) and LAB View interface were modified so as to allow detection and monitoring of single event upsets (SEU)
in the internal configuration registers of the VMM1s. The results showed a high rate of SEU occurrences at a measured cross-section of (4:10:7)1014 cm2=bit for
each VMM. Consequently, when extrapolating this value to the luminosity expected in Run III, the occurrence is 1.7 SEUs/min for each of the 40,000 VMMs
installed during the ATLAS Phase-I
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ITegiAnym H magovoa datoin) aoxoAeital pe tnv emiAvot tov mEoPANUatos BeAtiotomoimong g eEopaAvvong mopwv oe égya. [Todkertar yia éva meopAnua mov

Oev €xeL AvBel pe akpipex yia égya peyaAne moAvmAokotntac. ' égya pikgov oxetucd peyéOovg magovotalovtal ot PpAoyoapla akopeic AVoels.
FNa peoala kar peydAa éoya kabwg Kol yir €oyo HE WUTEQOTNTEG(UEYAAT DLAQKELX DQAOTNOLOTITWY, OVOXETIOELS HETAED OQAOTNQLOTNTWYV)
TILEOVOLALOVTAL O€ DNUOCLEVUEVES EQYROLES KATIOLEG TIQOTEYYLOTIKEG AVOELS AOKETA KAAEC, OL OTTOLEC OUWE ETIDEXOVTAL TTEQAUTEQW PeATiwong .H mapovoa
OLATOLPT) EMUTUYXAVEL BEATIWUEVES TIQOTEYYLOTIKEG AVOELS O HeTALX KAL PEYAAR €QYQ, AVATITVOOOVTAS Kal ovykpivovTag téooeels (4) véeg pebodoug,
O0Aeg OXETILOMEVES UE TIC EEEAKTIKEG LTTOAOYLOTLKES HeOOdOVE. EXTOS Twov dAAWYV, 1) DlaTOIPT) TOOTELVEL Pt OELQA TIROTLUTIWYV TIROPBANUATWY dLOLKNOTG €QYWV
Y TOV EAEYX0 KAL T 0VYKQLOT) ATodO0EWV VEWV HeB0dOA0YLWV eEOHAAVVONC TTOQWV 0TO HEAAOV. ATtO TTAELEAGS HEDODOAOYIKWV KALVOTOULWOV 1) DLXTOLBT)
TIQOTELVEL EVAV VEO, O ATIOTEAETUATIKO, YEVETLKO AAYOQLOHO ATO TOUG VTTAQXOVTES TG PIPALOYQAPLaC Kat OVO aKOUA VEOLOLKES VOIIUOVES TEXVLKES IOV
ATIOOELKVVETAL OTL OAEG dlaryelpllovTal amoteAeouaTIK& TO MEOPANUA TG eEopdAvvong mopwv. H mpotewvopevn mpooéyyion paciletal otnv a&lomoinon
UG MEWTOTLTING HEOODOAOYIAG TTAQAYWYTG EPLKTWV EVAAAAKTIKWOV EVAQEEWV TWV dQAOTIQOLOTITWY TOL £QYOL YA TO OXNUATIOUO KAAVTEQWY TQOPIA
moQwV. Aokipalovtat OAeg ot BPALOYQAPIKA YVWOTES oLVAQTNOELS AELOAOYNONG TWV TMEOPIA TMOQWV (EMT& OTO OVVOAO) TOL AVTLTIQOCWTIEVOLV
dLaPoeTiKéS AoYLkéG 0TO MEOPATUA PEATIOTOTIOMONG, OXETIKEG UE TNV TOAVTIHOTATA TOV TTOQOU, LLE TNV AVAYKT] OHOLOHOQPLAS OTNV KATAVOLL] TOV, KAT.
AOYwW TNG LTTAPXOVOAG YKAUAS CLUVAQTNOEWV AELOAOYNOTNS TOL TIROPIA TOPWYV, TEOTElVETAL eTlONG Mt AAATIAoLXIA €PAQEOYNS VAWV TWV YVWOTWV
OLVAQTNOEWV HE OAOUG TOUG dUVATOVS OLUVOVACUOVG, ETIOLWKOVTAG €TOL TOV EVIOTULOMUO TOU KAAVTEQOL dUVATOV HECOL TEOPIA TOQWV €TOL WOTE VA&
LKAVOTIOLOUVTAL O€ €V PAOUO OAeg oL eumAekOpeveS ouvapToels aloAdynong. To amotéAeopa tng neOodov avtrg oe HEYAAO TOOOOTO TUUPVEL e Tt
ATOTEAETUATA TNG PACIKNG TOOTELVOLLEVIG TIOOOEYYLONG TNG dATOLPNG oL €XeL BAOT TOVG YeVeTikoUg aAyoplOpovg. Xtn diatofr] meplappavovtat
AOKETEG HeAéTec AAAWY eTUOTNUOVWY 0T0 TIROPBANIa. H magovoa épevva EeTtegva TG LTTARXOLOES TTROTEYYLOELS TNG PLBALOYQaPlas o€ peoaia Kol peyaAa
mRoBANUaTa eEopdAvvoNg TOQWY, 1 TIS avtaywviCetal emdila o Uik MEOPANHATA OOV elval YvwoTr| 1 akPc BéATIoTn Avor). Zuykploels eivat
duvatéc BePalws HOVO € O0EG eQyaoies TaRATiOevTaL oXETIKA deDOpEVA £QYWV, OUWS YEVIKA T TEQLOTOTEQR £QYX TNG VPLOTALLEVNS BLPALOYQa@iag etvat
uikoa o€ uéye0og. Amo v datoPn meoékue évag aplOpog dMUOCLEVTEWV TTOL KAAVTITEL T EMLULEQOVS KEQAAQLA KoL egevvTikd Oéuata mov avaAvovral




OTO KEIHEVO TIOL AKOAOVLOEL, EVW AVAUEVOVTAL KAL T ATIOTEAEOTUATA HEQIKWV AKOUN €QYAOLWV TOL €xouv LTIOPANOEL TEOG KElOT) Héoat OTO TEEXOV
aadnuaiko étog.

Abstract

The present thesis deals with Resource Leveling optimization problems in projects. Resource leveling is a problem that has not been accurately solved so far, for
large scale projects. For small scale projects accurate solutions can be found in literature, achieving global optimum. For medium and large scale project as well
as for projects with particular characteristics (large duration of activities, complex associations among activities) approximate solutions of acceptable quality can
be found in literature, but further field for improvement exists. The present dissertation achieves improved approximate solutions in resource leveling for medium
and large scale projects, implementing and comparing four (4) new methodologies, all related to computational intelligence. In addition, the dissertation proposes
a number of suitable bench mark problems for resource leveling in projects, for further experimentation and comparison on new related methods in the future.
Concerning methodological innovation, the dissertation proposes a new, more effective genetic algorithm from the ones existing in literature and two more
hybrid intelligent techniques which prove to handle effectively the problem of resource leveling optimization. The proposed approach is based on the
development of an innovative methodology for the production of feasible alternative starts of the project’s activities for the formation of improved resource
profiles. All known resource profile evaluation functions are tested (seven in total, according to related literature) which correspond to different approaches to
the optimization problem, related to the preciousness of the resource, the need for uniform resource distribution, etc. Due to the existing variety of resource
profile evaluation functions, a sequential application of all known functions with all possible combinations is proposed, thus aiming at the best possible average
resource profile tracking, in such a way that all the involved resource profile evaluation functions can be partially satisfied. The result of this method in most
cases agrees with the results obtained from the main proposed GA approach. Within the dissertation, several studies of other researchers for the problem of
resource leveling are reported and analyzed in detail. The proposed resource leveling methodologies prove superior to other competitive approaches existing in
literature for medium and large scale projects, or compete to them worthily in small scale problems where the exact optimum is known. Comparisons are possible
only with those research reports that provide related project data. Nevertheless, most projects presented in related literature so far, concern small scale problems.
From the present dissertation a number of published papers in referred conferences and jour.
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ITegiAnym

H magovoa dlatoif3T) avapEQeTat oty YKATAOTAOT KAt AELTOLQYLIA TOL KATAVEUNEVOL TNAEoKOTTOL avixvevong kKoopkwv aktivwyv HELYCON, to omoio
Poloketal otig eykataotdoels Tov EAANvikod Avoutov Havemotnuiov oty [atoa. H avixvevon twv koopik@Vv aktivwy €ytve pe VPOLIKO TQOT0, HEoW
AVIXVELONG TWV DEVTEQEVOVTWY TWHATIWY TwV Extetapévwy Atoo@atpukeyv Kataoviopwy pe xorjon avixveutwv omvOnoLlopol kat Héow avixvevong
TNG QADIOKVHATIKTG EKTIOUTIG TNG NAEKTQOUAYVITIKIG OLVIOTWORS TOL KATALOVIOHOU HE Xonomn kepawwv. Iloww v eykataotaon tov tnAeokomiov
avamtuxOnkav HéOodoL, TEXVIKES Kol 00YAVOAOYIX TTROKELHEVOL VA HeAeTNO0VV Ta XAQAKTNOLOTIKA AELITOLQYIAS Kol va Fat@ovopn0ovv oL aviXVeuTikég
dwatalets. ' v 0001 MAQANETEOTOMNOT TWV XAQAKTNOLOTIKWV AELTOVOYLAG, TNG PAOHOVOUNONG AAAG& KaL Y TV emfePfalwon g 0QO1g Aertovyiag
TOL TNAEOKOTIOV, EKTEAEOTIKE HEYAANG KALUAKAS TTQOOOMOLWOT) Yot TNV EEEALEN TWV KATALOVIOUWV 0TV ATUOO@XLQA e XO10T) ToL AoyLo pitkov Corsika
KL Y@ TNV amoKQLlon TWV AVIXVELTIKOV dxtdéewv pe xoron tov Aoywopikov HOURS. H eykatdotaon tov TnAeokomiov a@opd 3 avtdVOUoug
AVLXVELTIKOUG 0TABOOVG, e ToV KAOE Eévav amo avtovs Vot AmoTEAELTaL ATt 3 AVIXVEVTEG OTILVOTOLOHOU O€ TOLYWVIKT] DLATAET KAl Pl KEQata avixvevong
QAIOKVUATWY 0TO Hé€CO ToL kABe otaOpov. H AYm twv melgapaticwy 0edopéVwV TV aviXVELTwV oTivOnoLopov Paciletal otV Texvikn TG HETENONS
TOL XQOVOL Tavw Ao To katw@AL (Time over Threshold — ToT), anautdvTag TOLMAY) COUTTWOT) HETAED TWV AVIXVELTWY TOL 0TAOUOV, EVAD TAQAAANAN
MAQAYETAL ONUa eEWTEQKOV OKAVOAALOMOU yix v kepalax tov otabpov. I va emaAnBevBel n motoTTa Twv HeOOdwWV TMEOOOHOIWONG oL
avanTOXONKav GOV APOEA 0TIV TEEQLYQAPT] PLOLKWOV JLADIKATLIOV KL AELTOVQYKWOV XAQAKTNOLOTIKWY, AAAX KL Yo va avamtuxOovv pébodot ekTipmong
TWV PULOKWOV XAQAKTNOLOTIKAOV TWV KATAIOVIOUWY XONOLUOTOWOVTIAS ATIOKAELOTIKA TNV TATIQ0POQIX XQOVIOUOV TIOL KATAYQAPETAL ATO TO CLOTIHX
Ynelomoinong, éywve ovAdoyr) dedopévwv vmo educéc ovvOnies. H emefepoyaoia Tov ONUATOS TWV AVIXVELTWV OTILVONQOLOUOV HE XOMOT] TEXVLIKWOV
OTATIOTIKNG AVAAVOTG KAL 0€ OUVOVAOHO UE TNV TQOOOUOIWOT], CUVTEAEOAV O XQOVIOUO OT|UATOS HEYAANG AKQ(PEIAS TTOL OLUVEBAAE OTNV EKTIUNOT TWV
PLOKWV XAQAKTIOLOTIKWY TWV KATALOVIOHWY. LTO QADLOKVHATIKO OT|HA EQAQUOTONKe pEBODOC OUYKQLONG TWV XAQAKTNOLOTIKWV TOV HE TQOTUTIA TNG
QADLOKVHATLKIG EKTIOUTIG KAt TURePatcdONKe 1] TEOEAEVOT) TOV ATIO TOV KOOMIKO KATALOVIOUO 0€ avtifoes ouvOTnKkes AeltovEylag AOYo TOU TEQAOTIOU
avOpwmnoyevoig vropdboov Oogvou.

Abstract

The present dissertation refers to the installation and operation of the HELYCON cosmic ray detector array, located at the Hellenic Open University campus in
Patras. The detection of cosmic rays was performed in two modes, by detecting the secondary particles of the Extensive Air Showers using scintillator counters
and by detecting the radio emission of the electromagnetic component using antennas. Before the installation of the telescope, methods, techniques and
instrumentation were developed, in order to study the functional features and to calibrate the detection arrays. For the proper parameterization of the functional
features, of the calibration but also for the confirmation of the proper functionality of the telescope, a large-scale simulation of the evolution of the shower in the




atmosphere with the use of Corsika software package and of the response of the detector array with the use of HOURS software package were performed. The
telescope comprises 3 autonomous stations, each one of them consisting of 3 scintillator detectors in a triangular configuration and a radio antenna in the middle
of each station setup. The data acquisition for the scintillator counters is based in the Time over Threshold (ToT) technique, demanding triple coincidence between
the counters of a station, also providing signal as external trigger to the antenna of that station. In order to verify the fidelity of the developed simulation method,
concerning the physical processes and functional characteristics, as well to develop evaluation methods for the physical characteristics of the showers, by using
exclusively the information recorded by the digitization system, a special data set was collected. The signal processing of the scintillator counters with the use of
statistical analysis techniques in conjunction with the simulation, resulted signal timing of high resolution, that contributed to the estimation of the physical
characteristics of the showers. For the radio signal characteristics, applied a comparison method with the standards of radio emission and confirmed the origin
from the cosmic shower in adverse operating conditions due to huge anthropogenic noise background.
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ITegiAnym LV maovoa dAKTOQUKT] dLXTOLPBT] DLEQELVATAL O OX EDLATIOG ATIODOTIKWV KAL BLOCIHUWY IIKTUWY £QPONAOTIKNG AALOdAs. To ouyKeEKQLUEVO AVTUKELLLEVO

EXEL AVAYVWOLOTEL WG €VAg ATtd TOVS ONUAVTIKOTEQOVS OTOATIYLIKOUG HOXAOUS Y TNV €TUTEVET AXQLOTELAG 0TI DL ELQLOT) TG EPODACTIKTIS AAVOIdAG KL
YEVIKOTEQ OTIG EMULXEONOLAKEG Agttovpyies. Ooov agopd tov amodotikd Lxedaopd Awktowv E@odiaotikric AAvoidag (EAEA) mootelvovpe éva
OAOKANQWUEVO LOVTEAO IOV CUUTIEQIAXLBAVEL TIG OTJUAVTIKEG OTQATITYIKEG ATIOPATELS TIOL EUTIAEKOVTAL OTO OXEDLXTHO 1) OTOV EMAVATXEDLATHO DIKTOWV



http://www.didaktorika.gr/eadd/handle/10442/39665

£PODLAOTIKTG AAVOIOAS KLOIWG HETATIOMNTIKWY ETLYEQNOEWV. OL ETUXELQNTELS AVTEG €XOVV OTOXO VO LKAXVOTIOL)OOLV TNV TIQOPBAETTOMEVT] (VTETEQLLVIOTLKT)
CTNoN TV MEAATWV TOUG £VQ TAQAAANAX ETUOVHOVY VA EAQXLOTOTIO|TOVV TIG OXETIKEG OATIAVEG/KOOTN TOL CLUVOAOL TNG EPODLATTLKTG TOVS AAVOIOAC.
Ot otoatnykéc amo@doels oxetiCovTal pe TNV emAoY NG TOMo0ETIAC EYKATAOTAOTNG VEWY EQYO0TACIWY KAL KEVTQWY dLtvoUNS, Tov KaBopLouo tng
OLVAHLKOTNTAG TOVG, TNV eTAOYT) TEOUNOEeLTWY), AAAA LTTIOOTNEICEL TN AP ATTIOPATEWY TTOL APOQPOVYV TNV ETIEKTAOT] TWV VTIAQXOVTIWV EYKATAOTATEWY,
TNV TXQAYWYT), TNV anofepatonoinon, ovvegyaoilo e VTEQYOAABOVS, TN KIVNTIKOTNTA TwV €QYALOMEVWY, TNV ETUAOYT] HEOOL HETAPOQAS KAL TOV
kaBoplopnd kavaAiwv daxvopns. To meofAnua LAEA datvmvetatl ws éva Habnpatikd HOVTEAO UKTOU AKEQALIOV YOAMUIKOD TQOYQXUHATIOUOD TIOL
OTOXEVELOTNV EARXLOTOTIOMOT) TOL CLVOALKOV KOOTOUG EQODLACTIKNG AALOIdAG TOL OxeTICETAL [LE ETEVOVTIKA KOOT, KaOwg KAt KOOTN AeLTovQylag, dONAadT)
KOOTN TQEOUNOELNS, TAQAYWYNS, METAKIVIONG EQYATIKOV TQOOWTIUKOU, OOQAVELAS EYKATAOTACEWY KOl TQOOWTIKOV, LMEQYOAAPIKNS avabeong,
anofnkevong kat petapoas. ITgokeévou va eEetacOel 1] ATIOTEAETUATIKOTNTA TOV TIROTELVOUEVOL HOVTEAOL OTNV AVTLHETWTILOT] TNG TOAVTIAOKOTTAG
TG OUYXQOVIG ETULXEQNHATIKIG TOXYUATIKOTNTAS, TO HOVTEAO EQAQUOCETAL 08 €TAUQL TAQAYWYNG MAYKOOMIAS eUféAewac. T to okomd avtd
TEOOVLORICOVTAL Ol KATAAANAES TAQAHUETQEOL TOLV HOVTEAOL TIOL AVTIKATOTTEILOLY A&LOTOTA TO TEQIBAAAOV g emixelonone. Emwiwén g peAétng
TMEQIMTWOTNG ATIOTEAEL O OXEDATHOG TOL TAEOV ATIODOTLKOV O€ OX£E0T] HE TO KOOTOS OLKTUOUL EQPODLATTIKNG aAvodag tng emixelonong. Eniong, otoxevovtag
0T HEAETN TNG EVEWOTIAG TOL TEALKOU DIKTVOV, HEAETWVTAL KL AVAADOVTAL OL ETUTITWOELS TNG OLXPOQOTIOMNONG PACIKWOV TAQAUETOWY TOV TTQOTELVOUEVOL
HOVTEAOL OTNV TEAIKT] AQXLTEKTOVLIKT] kKat artddoor tov dwktvov. Ooov agpopa tov Lyxedaopd Biwopwv Awtowv Epodirotiknc AAvotdag (EBAEA)
TMEOTELVOUUE €Vt VEO HOVTEAO TMOAAATA@V 0TOXWV, TO OTMOL0 TEQNAUPBAVEL OMHUAVTIKES ATOPAOELS TOL OXETICOVTAL HE TO OXEOAXOMUO 1) TOV
ETIAVAOXENAOHO PBLOOLUWY DKTVWV EPODAOTIKIG AALOIdAG. XTO v Adyw HOVTEAO Aapfavoviat vmoyn T KOOTN TG EPOJLAOTIKNG aAvoidag, ot
ONUAVTIKOTEQES TEQIRAAAOVTUKES eTUTITWOELS TIOL OXeTiCovTal pe k&Oe k(Ko TG aAvoildag epodiacpov, kabws kat Oépata kowwvikng evOvvne. I'a v
eTAVOT TOL HOVTEAOV, Héow TNG XONONS EVAAAAKTIKWV HeBOdWV BEATIOTOMOMNONG MOAAATIAV OTOXWV, ELOAYOVTIAL KATAAATIAOL OQOL OTIG OXETUCES
QVTIKELUEVIKEG OUVAQTNOELS, KABWS Kol KATAAANAOL TTEQLOQLOUOL TTEQAY AVTWV TOL AEX KOV HovTéAov. TéAog, epagUOlovTac TO TEOTELVOLEVO HOVTEAO
OTNV TQONYOUUEVT] HEAETN TEQIMTWOTG, OLEQELVEVTAL OL EMIMIWOELS TWV OAPOQWYV OTOXWV TNG PLWOLUOTNTAS OTNV AQXLTEKTOVIKT] TWV OKTUWV
£odlaoTikng aAvoldac. H peAétn avt) mapéxel evOLR@EQOVTA ATMOTEAEOUATA OXETIKA LLE TOUG CUMUPBPACHOVS TIOL ATIALTOUVTAL KATA TO OXEJLATLO
oUYX00VWV PLOOLHWY EPOdLAOTIKOV aAvodwv. TTapad v vYMAT MOALVTTAOKOTTA TG, T AMOTEAETUATA TG MEAETNG TEQITITWONG EMIKLVQWVOLV TNV
LKOVOTITA TOL TIOOTELVOLLEVOL LOVTEAOL Kat LEDGDOVL VA ETTAVAOXEDLATEL TIG PLIOOLUES AAVOIDES EPODLATLOV LYNATIG ATtOdOOTG.

Abstract

In this dissertation, we investigate the optimal design of efficient and sustainable supply chains, which has been recognized as one of the most critical long-term
strategic objective in today's business. For the efficient Supply Chain Network Design (SCND), we propose a comprehensive model that captures significant
strategic decisions involved in designing or re-designing high performance supply chains from the perspective of the manufacturer. The problem setting considers
deterministic demand estimates by multiple customers, for multiple products, over the periods of a long term horizon. The strategic decisions involve selection
of raw material suppliers, establishment or resizing of production facilities and/or selection of production subcontractors, establishment/resizing of distribution
centers and/or subcontracting of the related activities, and selection of transportation modes and routes. The problem is formulated by a MILP model. Its objective
is to minimize the overall costs associated with procurement, production, inventory, warehousing, and transportation over the design horizon. Appropriate




constraints model the complex relationships among the links of the supply chain. In order to test the value of the proposed model in tackling the very significant
complexities of current business reality, we apply the proposed model to a large case study of a global manufacturing firm. This validation unveils all application
challenges (e.g. determining appropriate model parameters that reliably reflect the firm’s environment), and provides valuable insights into the efficient
transformation of the firm’s current supply chain network. The network design obtained from solving the model is analyzed under variations of key parameters
to determine its robustness. For the Sustainability in Supply Chain Network Design (SSCND), we propose a new Multi-objective MMILP model, which captures
significant decisions involved in designing or re-designing high performance, sustainable supply chains. The cost objective includes investment, operational, as
well as emissions costs. The environmental objective captures emission quantities and waste generation at each link of the supply chain. The social objective
considers employment opportunities, prioritizing societal community development and improved labor conditions. To solve the proposed model we employ
both goal programming and the e-constraint method to achieve efficient trade-offs among the three objectives. We have successfully applied the proposed model
to alarge case study of a global manufacturer. The goal programming method results in both economic and environmental cost improvements, while maintaining
social costs under control. The e-constraint method provides the opportunity to regulate the expenditures related to environmental and social strategies. Despite
its high complexity, the case study results validate the ability of the proposed model and method to re-design high performing sustainable supply chains.

EOviko Agxeio

ABAKTOQIKWV https://www.didaktorika.gr/eadd/handle/10442/41455

Alatoifwv

TitAog dratoifris | Epagpoyés evvolwv Attr)g magaywyNg o€ meQLBAAAov v EesLwv
(Lean manufacturing concepts in service environments)

Ovopatentwvupo | T'Adng BaoiAewog

Adaxrtopa

Eﬂlﬁ)\énwv Lowavvne Mivng, Opodtipog KaOnynrrg

Hpegounvia 23/01/2019

Ynootnoeng

Iwooa AyyAwn)

Luyygapns



http://www.didaktorika.gr/eadd/handle/10442/41455

ITegiAnym

O topéac Twv VTINEETLWV KUOIXQXEL OTJLEQX OTLC TTAYKOOULES OLKOVORLLEG TOTO OO0V APOQA TO TXETLKO HeRldo oto AkaBdgioto EOvucéd Iooidv (AEIT) oo
KaLoTnV anacxoAnon (aotduog 0éoewv eoyaoiac). Xt Hvwpéveg IoAtetec (HITA) yix mapdderypa, mBavag TV 7o moor Y EVT OLKOVO Ui 0ToV KOTHLO,
midvw amd 85% tov AEIT kat g anaoxoAnong mponede amo tic vnineeotieg (otorxeia 2007 amo Apte et al., 2012). Qotdo0, MAQA TNV CNUATIX TOL TOMEX TWV
UTINQETLOV KAL TLG OLVEXELS TTROOTIAD ELeG LTTOOTNOLENG TWV AELTOVQY LWV TOL HETW TNG TTAT|QOPOQLKT|S, PALVETAL OTL 1] TAQAYWYLKOTNTA OTOV TOUEX VOTEQEL
évavTL Tov Topéa TG peTamtoinong. LTis xwees s Evowlwvng yiax maddetypa, éva pelya QO YMEVWY OLKOVOULLWY HLE DLPOQETIKA XAXQAKTNQLOTIKA, 1)
TOQAYWYIKOTNTA OTOV TOHéR TG peTamoinong etvat otabepd vipnAdTeEn oe OX€on HE TNV TAQAYWYLKOTNTA TOL Topéa Twv vnneeowwv (OECD, 2017).
EmimAéov, 0 évtovog avtaywviopog HETAED TV ETALQELWY TTAQOXT]S VTNOECLWV KAOWS KoL 1) TEOoDOKWHEVT avEnon g CHTnong Yix VTNEEOLES - Adyw
TWV OMUOYQAPIKOV AAAXYWV KAl TV TEXVOAOYIKNG eEeALEewV - kKaOLOTOUV TNV avdykn PeATIions TG MAQAYWYIKOTNTAS 0TI VTINQECLES O ETUKALON)
amnd moté. Ilagadooiakd, oL 0Qyaviopol MAQOXIS VTINQECLOV XONOLUOTOVOAY TOV TIQAYWYLKO TOMER Kal T Hetamoinon (manufacturing) wg mnyr)
éumvevone v T PeAtioon twv Agrtovgyudv tovs. Q¢ ek TtovTov, N adtapproPrTnn erutvxia g Toyota Motor Company odrjynoe akadnpaikovg
EQEVLVNTEG Kol OTEAEXTN ETUXEQNOEWV VA HEAETHOOLV TO oVLOTNUA Tapaywyns tng Toyota kat tn oxetwkry tdon tov Lean Manufacturing 1) «Autr|g
IMagaywyne» (AIT eqe&r|g) oe pa mEOoTADEIX VA ATIOKWIKOTTOMOOLY KAL VO LETAPEQOLV TIG LOEES, TIG OTOATIYLKES KL TS peOddovg g o€ TteptBaAAovTa
UTNQEOLWV. LTHEQR, OXEDOV €IKOOL XQOVIX HETA TNV ELOAYWYT] TOL 6pov Lean Service 1) «Autr)g Yrnpeoilac» (AY epe&nc) and tovg Bowen kat Youngdahl
(1998), eEarcoAovOOVV Vot VTTAQXOLV EQWTIHATA OXETIKA HLE TO EVQOS KAL TOLG TQOTIOUG EPAQLOYTIS TOV. L€ XUTH] TI JATOLBT) QLY VOULLE PWS O€ TTTUXES TG
aKOAOLONG EQEVVITIKNG €QWTNOMNG: 0€ O PAOUO HToEovY va LBeTNOOVV KAl VA& TEOOAQHOOTOVV 08 MEQLBAAAOVTA TTAQOXNS VTINQECLOV OQLOUEVEG
onuavTucés évvoleg tng AlL

Abstract

The fierce competition among service providers and the on-going growth in demand for services, due to demographic changes and advancements in technology,
makes the need for improving the productivity in services more relevant than ever before. Traditionally, service companies have been looking at their
manufacturing counterparts for sources of inspiration to improve operations. As such, the undisputed success of the Toyota Motor Company has led academic
researchers and business practitioners to study the Toyota Production System and the associated movement of Lean Manufacturing in an effort to decode it and
transfer its concepts, strategies and methods to different environments. Today, almost twenty years after the introduction of the term Lean Service by Bowen and
Youngdahl (1998), there are still questions regarding its applicability. In this dissertation we shed light in aspects of the following research question: to what
extent some important LM concepts can be adopted and adapted in service environments? To do so, we first examine the differences between manufacturing
and services and the underlying challenges. Subsequently, we review the historical evolution of lean manufacturing its key components, impact and the aspects
that have made this approach revolutionary. Finally, we critically review three distinct streams of lean in services. In particular, we review a) the relevance, from
the conceptual standpoint, of the lean concepts in services (applicability), b) the lean practices that have been implemented in various service sectors and functions
(transferability), and c) the conditions to continuously improve lean practices in service organizations (sustainability). Utilizing the above analysis, we identify
ten gaps that are deemed pivotal for generalizing lean in services and focus on four of them. In particular, we clarify the essence and limitations of lean in services,
we provide a universal framework for classifying services, and examine the applicability of two of the most well-known lean concepts (quality at the source and
cellular work structure) in a highly complex service environment. Overall, our findings indicate that these two concepts are relevant for services under certain




conditions. In particular, we have developed simulation models in financial services and used them to test these concepts under various conditions. The insights
gained from the current research are relevant to other information and people-intensive service environments, in which the main objects of transformation are
information, customers and employees. The results suggest that by addressing quality issues at source and by using a cellular arrangement in a service setting
may have significant positive effects on system performance, if some conditions apply. The results also show that service managers in addition to the challenges
faced in manufacturing (e.g. trade-offs between different layouts), they have to address unique challenges driven primarily by customers participating in service
production and the propensity of knowledge-intensive employees to prefer professional autonomy. From the universal transferability standpoint, we conclude
that while it makes sense for service organization to adopt essential principles and elements of lean, they will have to ultimately adapt and evolve them in
practices and new models better suited to their unique environment and challenges. To do so and continuously improve, it is essential for service organizations
to develop the dynamic capabilities of identifying the real causes of problems, sensing signals of weak performance and responding rapidly to changes in the

environment.
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ITegiAnym H emoxn mov diaxvvovpe @épvet oto mpooknvio tnv Texvntr Nonuoovvn, kaBott dik@oQot KAGDOL EVOWHATWMOVOLV EVIVTIWOLAKES EPAQOYES TNG. [ToAAES

avaQoéc yivovtat otnv 4n Bliopunxavikr) Enavdaotaon, n onota éxet mAéov tnv Texvnt) Nonpootvn wg kvglo muAwva te. Hon and ) dekaetia Tov 1950
AVATITVOCOVTAY VOT|HOVa oLOTH AT ATPNG antd@aots, ta ortolar ouvTOWE ElXaV LTTOOTNELKTLKO QOAO Yia évav ANt antdpaocts. [TpofArjpata ota omola
émoeme va Poebel i BéAtiomn otoatnywkn, Tta emovoualopeva mooPAnuata BeAtiotomoinong, eppaviCovrar oe did@ooa medla OTwS M



http://www.didaktorika.gr/eadd/handle/10442/45376

Xonuatootkovopikr) Mnxavikr] (Financial Engineering), 1 Mnxavikr] tng Awtknong (Management Engineering) xat 1) Emiyetonowakr) ‘Egevva (Operational
Research). IToAAG ek Twv mEOPANUAT@Y TOL KaAeltat va AVoet évac Mnxavikog aviikovv ota mooBAnpata peAtiotoroimong. Kat kaBwg ta moopArjpuata
oL avTpetwniCet n Bopnxavia yivovrat odoéva kat 1o dSVOKOAR, avEaveTalT XonototnTa twv Nonuovwv YmoAoytotikwv MeOodwv KoL 1 eVOWHATWOT)
TOUG OTOVG OXETIKOUG KAAdOUS g Bropnxaviac. To @doua twv Nonuovwv YroAoyiotikwv MeBodwv etvat evol kat ekteivetal amd tig pedddouvg
Mnxavueiic MdOnong (Machine Learning) péxot kat tig Norjpoveg MeBddouvg mov etvatl Eumvevouéveg and ) @vorn (Nature-inspired Intelligent Methods).
Ot teAevtaies, TaQOA0 TOL AOXLOAV VX AVATITVOCOVTAL ATIO Tax éoa g dekaeTiag Tov ‘80, amotéAeoav Eexwolotr) katnyopia Nonuovwv YoAoylotikay
MeBodwv ot BiBAoyoapia otic agxés tov 2000. AdYw TG IKAVOTNTAS TOUG Vo eTAVOLY dVOKOAX TROBAT AT BeATIOTOTOIMNONS TOAADY dlxoTdOEWY, OL
Nonuoveg YmoAoyotucés MéBodot Eumvevouéves and tov Puowd Koopo éxovv moooeAkDoeL TO eVOLAPEQOV TV €QevvnTwV dleBvag 1dn and v
TIEOMNYOUMEVT dekaeTior. LtV tagovoa dtatolr] oLAAEXONKav Kkat peAetiOnkav 0Aeg ot Norjpoveg YroAoyotikéc MéBodot mov etvat Epmv evouéveg amod
tov Quotkd Koopo pe okomd va eVIoToTovV Tot XXQAKTNQLOTIKA TIOL UITTOQOVY Vot PEATIOO0VY TNV artddoot| tove. Emmedobeta, 1) peAétn eotiaoe kat ota
TMEOPAT|HATA (XWQEOVS EQPAQHOYNGS) TOL epaguolovial oL magamavw péBodol. Amd avtr) TV eKTev) HeAétn e PBAoyoa@lac Toékupay KATIOLEG
TIOLQATIQNOELS, OL 0TOleS amoTLVTWONKAV o€ éva MAaloLo egyaoiag (framework), To omoio UmoEEel vat akOAOLONOEL O EVILAPEQOLLEVOS EQEVVITIG, (WOTE VA
avantvéel 1 va PeAtiooet kamowa vrtapxovoa Norfjpova YroAoytotikry MéBodog Epmvevouévn ano tov Puowkd Koopo. EmmAéov, oe ovppwvia pe to
TIQOTELVOEVO TTAALOLO EQYAOIAG KAL PE BAOT TA TTROAVAPEQDEVTA XAQAKTNOLOTIKA, avamtLXOnke Ui VEx VoUWV LTTOAOYLOTUKT] LEOODOG € UTTVEVTLEVT)
aTd TOVG VOUOULG TG LTOOAAROTOTIAG AKOVOTIKNG, 1) OTIOX ATIODELKVUETAL ATIOTEAEOUATIKT OTNV ETUALOT) DLAPOQWYV TOAKTIKWV EPAQUOYWV ATIO TO XWQO
e Mnxavikng twv Amopdoewv (BeAtiotonoinon XagtopuAaiiov, BéAtiot EEwooppommnomn [Mopwv ot Aotknon ‘Egywv, Owkovopukr) Katavour) @ogrtiov,
BeAtiotomoimon Foappawv Hagaywyng). MaAwota, ta anmoteAéopata Tng mMQOTEVOHEVNS HeBOdOL oLYKRIVOVTAL e ALTA AAAWY KAAOLKWOV HeOOdwV TNg
BpAoyoapiag 1) peBddwv mov aviikovy e€iocov otny kKatyopla twv YmoAoytotikwv MeBddwv mov eltvatl Euntvevopéveg amo tov Puoko Koopo, tic omoleg
kat Eemepvael oe amodoot). Kata tn dlagkelx g €0evvac, epagUOlovTag TV MQOTELVOUEVT] HEDODO 0 MEOBANUATA TWV XWEWV EPAQLOYNS TIOUL
aVAPEQOVTAL TIAQATIAVW, BeATOONKay unxaviopol e nebodov, evw avamtvxOnkav pNXaviopol mov ondnoav otnv aVILLETWOTIOT OAPOQWV
TMEOBANUATWY ToL avTipetwniCovv ot Norjpoveg YroAoyiotucéc MéOodot mov etvat Eumvevopéveg anod tov @uokd Koopo. MdaAwota, ot unxaviopot wov
avamTuxXOnkav anmoteAovy Kat HEQOS TG TUVELTPORAS TNG TAQOLOAS dATOLPNS, KaBwe Umogovy va et Bovy kat and dAAec pebodovg YoAoylotikng
Nonuoovvng. TéAog, o0& 0QLOEVES TTEQLTITWOELS AVATITUXONKAV Kol LBEWOKA TXIHATO TIOL TTEQLEXOLV TNV LTOAOYLOTLKT] HEO0DO oL TEOTEVETAL 0TIV
TAQOVOX AATOLPT| e OKOTIO TNV BEATIWON TS ATOOOOTS TNG.

Abstract

The current era brings Artificial Intelligence to the forefront, as various industries incorporate impressive applications. Many references are made to the 4th
Industrial Revolution, which now has Artificial Intelligence (Al) as its main pillar. As early as the 1950s, intelligent decision-making systems were being
developed, which usually played a supporting role for a decision-maker. Problems in which an optimal strategy had to be found, the so-called optimization
problems, arise in a variety of areas such as Financial Engineering, Management Engineering and Operational Research. Many of the problems that an engineer
has to solve are optimization problems. While the problems that the industry faces become more and more difficult, the usefulness of Intelligent Computing and
its integration into the relevant industry sectors is increasing. The range of Computational Intelligence oriented methods is wide, ranging from Machine Learning




to Nature-inspired Intelligent (NII) Methods. Although NII methods initially appeared back in the mid-80s, they constituted a separate category of Computational
Intelligent (CI) only in the early 2000's. Due to their ability to solve difficult multi-dimensional optimization problems, Computational Intelligence oriented
methods have attracted the interest of researchers over the past decade. In this thesis, all Computational Intelligence oriented methods inspired by nature have
been collected and studied in order to identify the features that can improve their performance. Moreover, this study focuses also on the application areas that
these methods are used. As a result from this comprehensive literature review, some conclusions have been drawn. These conclusions constitute a framework
that can be carried out for the development or improvement of Nature-inspired Intelligent Method. In addition, based on this framework and the aforementioned
features, a new Nature-Inspired Intelligent approach inspired by the laws of underwater acoustics, has been developed. This approach has been proved to be
effective in various application domains (Portfolio Optimization, Resource Leveling in Project Management, Economic Load Dispatch, Production Lines
Optimization). What is more, compared with other state-of-the-art methods of literature and other Nature-Inspired Algorithms, the proposed approach obtains
a superior performance. Throughout the conducted research, the main mechanisms of the proposed algorithm have been improved, based on the experimentation
in the aforementioned application areas. Furthermore, some novel mechanisms (in respect of autotuning and balancing exploration and exploitation) have been
implemented in the proposed approach. These mechanisms are part of the contribution of this thesis, since they can be implemented also in several Computational
Intelligence oriented methods, in order to overcome problems that these methods usually face off. Furthermore, in some cases, hybrid intelligent schemes have
been developed containing the proposed approach, in order to obtain improved performance.
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ITegiAnym

AvTr) 1 dlxTOLfT) dLEQELVA TNV AVATITLEN AAYORIO WV Kol XQXITEKTOVIKWY PabLds ndbnong mov umogovv va Xonotporom 0oy oty emeEeQyaoio ULOLKNIG
YAdooag. I'ia to Adyo avtd, a&lomolovpe éva MEWTOTLTO MAKIOLO BEATIOTOTIOMONG VTIO TTEQLOQLOOVG TIOV EVOWLIXTWVEL a Priori YVwoeLs ot dladtkaoto
e ekmaidevons. To mAalo0 avTd EMDUWOKEL VA HLEYLOTOTIOUOEL OTADLAKA LA AVTUKELHEVIKT] CUVAQTINOT] KAL TAVTOXQOVA VA IKAVOTIOOEL Vot TUVOAO
MEOUT00é0eWV KATA T dlkQKeLa TG ekTtaidevong. Ot meovmoBOéoelc avTég etvat oL eETG: &) ) CUVAQTNOT KOOTOLG TIQETIEL VO LLELWOVETAL 0€ KAOE ETTOXT) KAl
) N avalrtnon Tov BEATIOTOL dAVOOHUATOS TTEOOXQHOYNS Paov Oa TEETEL VA TEQLOQILETAL O& ML VTTEQUPALOA YVWOTIG AKTIVAG, €TOL WOTE Vo [NV
AVEAVOVTAL ATEQLOQLOTA OL TLUEG TwV Pagwv. H avtucelpevikr) ouvaotnon etvat px ToodTTa TIOL KWOIKOTIOLEL TG TQOOOETES YVWOELS TOV TIQETIEL VX
eVowHaTwOoUV 0Tov UnXaviopo pabnone. Méow tng emiAvone avtol Tov MEOPATUATOS BEATIOTOTIONOTG VTIO TTEQLOQLOHOVG eEAYETAL EVa YEVIKO TTAOL0
[PeATIOTOTOINOTG,TO OMOI0 XQONOLUOTOLEITAL WG YEVIKT] PAOT KAl EMEKTELVETAL TIQOKELUEVOL VA dpoQpwOovv amoteAeouatikol aAyoglOpol mov
EVOWUATWVOLV a-priori yvwoels otn dadikaoia ekmaidevone. EEetdlovtal dvo Paocikés katnyoples emmpodoOetns yvwons. H modtn meotlapBavet
EYYEVEIC YVWOELS TTOL TIROEQXOVTAL ATO OAEG TIG CLVOTKES TTOL APOQOVV OTA XAQAKTIOLOTIKA TNG VTIEQETPAVELAS TNG OLVAQTNONS kOoTovG. H devteon
KaTnyogia amoteAeltatl amd TG oLVONKES EKELVEG OV KWOIKOTIOLOUV TNV €EWTEQLKT] YV@OT] 1] OTOLX TTOOEQXETAL ATIO T PUOT] TOL TIEOPBAN LATOS TIQOG
eTAVOT). LTV MEQIMTWOT TNG £YYEVOUS YVWONGS, AVATITOOOOVLE €vay aAydotOo Yo TNy ekmtaidevon Badiiv vELQWVIKWY dKTUWYV, 0 OTIOLOG OVOpALEeTaL
Hessian Free algorithm with Curvature Scaled Adaptive Momentum (HF-CSAM), kat AapBaver vtoym Tig YYEVELS YVWOELS TTOL TTOOEQXOVTAL ATIO T DEVTEQT)
MOQAYWYO TG ovvagtnong kootovg (Eoowavd mivaka). To kivnteo miow amd T dapooewot tov aAyoolOuov etvat 0Tl 0TV MEAEN, 1) eKMAdeLON
VEVQWVIKWOV OKTUWV TEQUAAUBAVEL TNV EAAYLOTOTOMOT] [T KUQTWV OLUVAQTNOEWY, EMOUEVWS OL [EBODOL TTOL BacilovTat OTNV MEWTH MAQAYWYO ITTOQOVV
Vo 001 Y1|00LV HOVO O€ KATIOLO TOTikO eAdxtoto. EmmpdoOeta, éva AAAo Crjtnua mov TROKUVTITEL Evat 1) akQalot KAUTUAOTTA TG CUVAQTIOTG KOOTOUG.
[TagodAo mov 1) xorjon pHeBodwV MEWTNG TAENGS, OTIWS YL TTAQADELY A 1) oTOXAOTIKN HEB0dOC kaBddoL kAlong (stochastic gradient descent - SGD), etvain o
ONUOPIANC TTQOTEYYLOT YL TNV EKTIAOEVOT] VEVRWVIKWV DIKTVWYV, AVTEG Ot HEB0DOL Ay VOOoUV EVIEAWGS TNV KAUTUAOTTA TNG AVTUKELLLEVIKT|G CUVAQTNOTG.
Xe avrtiBeon pe tic pneBodovg mEwtne taéng, ot uébodor devTeQNS TAENG elvar MOAV KaAES OTNV AVTHETWTION NG KApmuAotntags. Emopévag
EVOWUATWOVOVTAG TS TATQ0POQLES TTov Aapfavovue amo tov Eoowvo mivaka otov kavova g pabnone Oa kataAn&ovpe o kaAvtepa amoteAéopata.
To kvlo pelovékTUa TV pHeOOdwV deVTEENS TAENG elvat OTL deV elval TOAKTIKES VI TNV EKTALDELOT) VELQWVIKWVY DKTOWV UEYAANG KAlUAKAS AdYw Tng
VMOAOYLOTIKNG TOAVTTAOKOTNTAG TOL LTTOAOYLOUOV ToL Eooarvov mivaka. O aAyoptOpog HEF-CSAM, mapa to ott etvat aAdyodptOpog devteons taéng, amattel
EAAXLOTOVG ETUTAEOV VTTOAOYLOLOUG 08 OVUYKQLOT) HE Eva KAaowo aAyootOpo SGD pie ogpr) (momentum). O VTOAOYLOHOG TWV TAQAY YWYV ETMLTUYXAVETAL
pnéow texvicwv Hessian Free (HF) optimization kat tov teAeotr| R. mov emutpémovy tov am’evOelag VTOAOYIOUO TOL YIVOUEVOL €VOG DLAVOOUATOS LLE TOV
Tivaka OeVTEQWV TAQAYWYWYV YL TIV EKTILTNOT] TOV ETTOUEVOL BIJLUATOS TIROS TNV EAXXIOTOTOMOT) TG CLVAQETN OGS KOOTOVS. O KAVOVAG TNG EVIUEQWOTS
Twv Bagwv tov aAyopiOuov HF-CSAM etvat magopolog pe avtdv tov SGD e ogun}, aAA& pe d00 KOQLEG DIAXPORES TIOL TTEOKVTITOLV ATIO T1) dLATUTWOT) TOV
TMEOPAT|HUATOG TNG EKHAONONG WG MEOPATHUA PEATIOTOTOMNONG VIO TTEQLOQLOOVGS: (&) O 0QOG TNG OQUNG KALLUAKWVETAL PE TNV TTATQOPOQIX KAUTIVAOTNTAG
(pe ™ pooer) tov Eoowavov mivaka). (8) ot ovvteAdeotés yia to ouOuo expdOnong (learning rate) kat 0 60og TG KALUAKwWTNS 0QTS (scaled momentum)
kaOopiCovtar mpooaguootikd. H amoteAeouatkémra tov aAyoptOpov HF- CSAM amodetkvietal HEOw TG LVAOTIOMOTNG TOU O€ OLXPOQETUKES
QOXLTEKTOVIKEG VEVQWVIKWOV DIKTOWV Y moPANuata eme€eQyaoiag @LOIKNG YAWDOOAS KAl VTTOAOYLOTIKTG 0QAOTG OTIOL AELOAOYELTAL EVAVTL TWV TIUO




OUXVA EPAQUOTUEVWY AAYOQLOUWY EKTIADEVOTG VEVQWVIKWY DIKTVWV. LTNV TEQLMTWOT) TNG KWIIKOTIONONG £EWTEQLKNS TTATIQ0POQLAG 1) OTIOlX TTEOEQ X ETALL
amd T @LOT ToL TEOPATUATOS, dLEQEVVOVUUE ML TOIKAIX €EWTEQIKWV TYWV YVWONG avAAoYa Ue TO MEOBANHa 1oL €XOVHE TIEOG eTtAVOT). AQxucd
eEetalovpe peBodoAOYLES O CLOTHHATA CLOTATEWY, KADWS TTEOKVTITOLY AQKETA TEOBAT AT Adyw TN éAAenPng eTtaOKOVE TTANQOPORIAG OTOV TVAKAG
a&loAoynoewv. Emopévag omotadnnote emmA£0V YV@OT) EKTOS RO AUTH OV MAQEXETAL ATIO TOV Tiivaka PAOHOAOYIAG UTOQEL Vo BEATIOOEL ONUAVTLIKA
TNV MoLTNTA TV TEOTACEwWV. Epevvavtal texvikés ovvepyatkod @uitoapiopatog (collaborative filtering) ot omoleg kdvouvv avtopates TEOPAEPELS
OXETUKA PLE Tt EVOLAPEQOVTA TWV XONOTWYV, XONOLUOTOLOVTAS TTANQOPOQLES TTOL CUAAEYOVTAL ATIO XONOTES HLE TAQOUOLX OUHTIEQLPOQA WOTE VA TIQOTELVOLV
véa otolxeia. AOyw tov Ot 0 mivakag Baduodoyv etvarl eEAQETIKA AQALOS, TO PTIHA VTTIOAOYLOHOU TNG OHOLOTNTAG HETAED TWV XONOTWV OLXVA
amnotvyxavet. I'ia to Adyo avto mpotelvetat pia HéOodog yia TN dNULOVQYix CLOTATEWV O€ TETOLEG TEOPANUATIKEG TTEQLTITWOELS 1) OOl LOVTEAOTIOLEL TO
oUOTNUA CLOTATEWY WG VA OTAOULOUEVO YOAPO KAL AVTIHETWTUCEL TO TOOPATUA AVTO ETEKTELVOVTAGS KL DO X ILOVTAS TO YOAPO OHOLOTI TAG/KOLVWVIKNIG
OKTVWOMNG TwV xonotwv. H mootewvopevn péBodog dnpovgyel véec mMEOPAEPELS OUVOEOUWY HETAED XONOTWV TOL &V elval APEOK OLVOEDEUEVOL,
EKHETAAAEVOUEVT] TIG EUHETES OLADQOMES TIOL TIEQVOUY ATO TOLG KOLVOUG YEITOVEG TOVG, YEYOVOS TIOU ETILTQETEL TI) ONLLLOVQYIX TQOTATEWV AKOUT] KL O&
nieoBAnuatcéc megimtawoels. EmumAéov, xonowomnoteitat g péBodog davuouaTikig avanapdotaons Yodgov (graph embedding method) teAevtaiag
texvoAoyiag, n omola Aéyetat node2vec, yiax TN OLAVUOUATIKI] AVATIQAOTAOT) TWV XONOTWV KAL TNV KATATKELT] VOGS VEOUL YOA@ov opototitwy. Ot nébodot
avtol a&loAoyovvtat 0to dikTvo Kowvwvikis afoAdynone Epinions 0mov amodetkvietat Ot 1) TEOTEVOUEVT] HEOODOG DLATKLONG TOL YOAPOL TTAQAYEL
OLYKQLOIHA amoTteAéopata e To node2vec AAG e ONUAVTIKA XAUNAOTEQO VTIOAOYLOTIKO KOOTOG Kat apeoa ovykolowun kaAvym. Iapatnowvtag tig
aduvapies Twv HeOOdWV OLVEQYATIKOD PIATOAQIOUATOC, DLATILOTWVOULE OTL OL TEXVIKEG TAQOYOVTOTIOMONG TivakwV (matrix factorization) etvar mio
QATIOTEAETUATIKEG OTA OLOTHHATA OLOTACEWV. Emouévawg, diegevvatal to mMEOBANUA tapayovTtomoinong tov mivaka PabuoAoydv ws éva VELQWVIKO
OlKTLO, OTIOL OL XONOTES KAL T AvTLkelpeva ekpoalovtal ws davvopata (embeddings) ta omola ekmadevoOVTAL WG HEQOS TOL dkTVOL. Méow auTov Tov
POQUAALTHOV, ATIOKAAVTITOVTAL EVOLAPEQOVOES WLOTNTES TNG ouvAQTNONG evepyomoinong Scaled Exponential Linear Unit (SELU), n omola éxet amodetxOet
OTL QUOLUCEL AVTOHATA TIC TAQAIETQOVS TOL DLKTVOL Kat KaBlota tn Habnon ebowotn AdYw Twv autokavovikomompévawy (self-normalizing) ot twv tng.
[T ovykekouéva, 1 SELU magovoialet cuOTNUATIKT] a1tOd00T] aveEAQTNTA amd TNV eMAOYT) Tov aAyopiOpov BeAtiotomoinong Kot Twv avtiotolxwv
VTTEQMAQAMETOWY TOV. ALTO amtodetkvvetat EekaBaga amd évav aQlOUo TERAUATIKIOV ATIOTEAETHUATWY TIOV TTEQIAAUPAVOULV EVav aQLOLO DLAPOQETIKWV
OLVAQTNOEWV EVEQYOTIOMONS Kot aAYOQLOUWV PEATIOTOTOMONG Vit TNV EKTIADEVOT] DAPOQWV AQXLTEKTOVIKWOV VEVQWVIKWY JIKTUWYV O€ TUTTOTIOEVA
OUVOAQ DEDOUEVV YL CUOTIUATA CLOTATEWV. AKOUA KAAVTEQX ATOTEAETUATA UTTOQOVY V& ETUTELXOOVV AV AVTANIOOVLE TTAT|QOPOQLES ATIO TA KOLVWV LKA
dlktua a&loAdYNONG, KAL TO OUYKEKQLHEVA ATIO TG KOWWVIKES oLvdEoels petall twv xonotwv. To yevikevpévo mAaloo BeAtiotomoinong Lo
TIEQLOQLOHOVG TIOL €xel TEotalel Hag emITEémeL Vo aElOTTOUOOVIE TNV TMANEOE@ORI avTh) HEOow €VOg aAyOQLOLOL A YOVTOTONONG TUVAKWY Yl
ovotiuata vtodelEewv. Avtog 0 adyoplOuog ovoualetal SocialFALCON kat Aapfavet voPn T TANQOPOQELES TTOL TAREXOVTAL ATIO TO KOLVWVIKO dlKTLO
TWV XONOTWV 08 CLVOLVACUO HE TH CUUTIEQLPORK aELoAGYNOTS Tovs. H Baown wéa miow amo v dapoeeworn tov SocialFALCON elvat ) evowuatwon twv
MEOCOETWV YVOOEWV MOV ATOKTHONKAV ATO TO KOWWVIKO dIKTLO OTOV Kavova ekuabnong tov mivaka mapoayovtoroinons. Emopévawg, oe kaOe emoxm
OéAovpe va LLeYIOTOTOMOOVE TNV EVOVYQALLULOT) TOL DAVUOLATOG EVIUEQWOTG TOL XONOTN HLE TOV OTAOLUOLEVO HEOO OO TWV DAVVOUATWV EVIUEQWOTS




TV AUEOWV YETOVWY TOL (Omws o0pllovtal amd To KOWWVIKO OKTL0) OTnV apéows mornyovpevn emoxr). Emituyxdvovtag tn péyiotn dvvat
eLOVYQAUMLOT HETAED TWV OLADOXIKWV DAXVUOUATWYV EVIIUEQWUEWY TOL KAOE XONOTN HE EKEVA TWV AUETWV YELTOVWY TOV, AAAALOLY KAL T dIXVOO AT
TV EUUETWV YELTOVV TOL OTO KOWWVIKO dIKTLO KAl WG €K TOUTOL 1] ETLOQOT] TOL KOLVWVIKOU OLKTUOL dLYEETAL KATA T dLdQKewx TG ekTtadevong. To
SocialFALCON vAomoteitat og dkPooa TERAUATA T€ DNUOPIAT} CUVOAX OEDOUEVWY YIX CLOTIUATO CLOTAOEWYV Kol afloAoyeltatl oe oUYKQLON pe dAAEg
HeBOOOVE OL OTIOLEG EARXLOTOTIOLOVY THV TLUVAQTNOT KOOTOVS XONOLHOTOLWVTAS HeOOdOLS KaBOdoL KALONE XWOIS TEQLOQLOMOVG. e TUYKQLOT] HE AUTEG TLG
HeBOdOVE 0 TMEOTELVOUEVOS AAYOOLOUOG BEATLOVEL TNV ATODOOT] OO0V APOQA TV TAXVTNTA CUYKALONG KAL TNV AKQIBELX TV TEOTATEWY, EWDKOTEQX OE
xonoteg mov €xouvv PabpoAoyroel eAAXLOTA avTiKelpeva. ALt 1) MEOOEYYLOT TQOTOMOLEITAL KATAAANAX OTE VA& EQPAQUOOTEL OTOV TOUEX TG
emefegyaoiag puotkt)s YAwooacs. Omwg éxel amoderyOet, ot HéO0dOoL DIAVVOUATIKOV AVATIHQAOTATEWY KATIYOQLKWV HETABANTWV elvat TOAD loXVEES Kat
éxovv a&loonpelwtn anodoon oe TEoBANUaTa emefeQyaaiac @uotkne YAwooac. ['ia to Adyo avtd mpotelvetal évag amoteAeTUATIKOG AAYOQLOLOG, TTOV
ovopdaletatl LexiconFALCON, o omolog mapayet diavuopatikés avanaaotaoels AéEewv (word embeddings) mov evioxvovial amod TG ONUACIOAOYIKES
nAngogpooies. O aAyopBpoc LexiconFALCON vioOetel to mAaloo BeATioTomoinong VIO TEQLOQLOUOVS oL €xel TeoTabel Y va a&lomoumjoel v
TtAN00@Oopla atd dlaO€otpeg ovtoAoyiec/Aela mov megAapPdvouvy cvoxetioels petalb AéEewv o€ HoEPT| YOd@ov. ALTOC 0 AAYOQLOLOG & umTvEéeTan oo
ToV TIOAV YVwoTo aAyoptOuo GloVe 6mov ot avamagaotaoels Aéfewv padatvovtat amd Ty maQayovToTomoT) ToL VAKX OUV-EUPAVIOEWYV (CO-occurrence
matrix) twv Aé€ewv mov kataokevaletal amd peyada kelpeva. To Lexicon-FALCON vioOetel pia emavaAntiky) mQooéyyLlon €Tol WOTE VA PEYLOTOTIOLEL
o0& KaBOe XQOVIKN OTLyUn TNV €VOVYQALULOT] TOL DAVVOUATOS EVIUEQWOTG TNG KABe AEENG e TOV OTAOOUEVO HETO ORO TWV DAVVOUATWY EVIILEQWOTS
TWV OLVOVLHWV AEEewV NG (OTws opllovTal amd éva ONUACLOA0Y KO AEELKO) OTO AEOWS TIQOTYOURLEVO XQOVIKO Bripta. Avutr) 1) péBodog ox etiCeTtat OTEVA
pe tov aAyoptOpo Social FALCON mov meQryQa@nKe mQonYOUHEVWGS, waTO00, Tépa amo Vv a&tomoinor tov LexiconFALCON oe éva véo Ttedlo e@pagUoyns
EKTOG TWV OLOTNUATWVLTOOELEEWY, 1) HeBOdOAOYIXt AUTI] TEOTOTIOLE(TAL YIX VA EVOWHATWVEL OTOXAOTIKEG EVINHEQWOELS KAL EMOUEVWS UTMOQEL va
epapuooTel eVKOAQ o0& MEOPANUaTa emeeQyaoiag PUOLKNG YAWooAg HeYAANS KAlpakac. Ot dIAVUOUATIKES avVATIQAOTACELS AEEEWV TIOL TAQAYEL O
aAyoplBpoc LexiconFALCON a&todoyeitat oe diaxogetikad mMQOPAT|HATA emeEeQyaoiag QUOIKNG YAMOOAS, OMOL ATOdELKVVETAL OTL 1] OUYKEKQLUEVT)
HéO0dog vTteETEQEL EVavTL AAAWV OXeTKWOV aAyoolOuwy. TéAog, mpoteivetal évag aAdyoplOpog PeATiotomoinong vd TMEQLOQLOLOVS TIOL XOTOLUOTIOLE (TarL
oto povtéAo Transformer yix QOPANIUATA UNXAVIKTS LETAPOAONS KAL HOVTEAOTOMONG YAWDOOAS KAl EVOWHATWVEL TOV YEVIKEVUEVO aAyooLOpo Hebbian
OTOV Kavova evnpéewong twv Bagwv. [odopateg peAéteg éxovv det&el 0t oplopéves kepaAég (heads) Tov oTEOUATOS TEOOOXNG TOAAATAWY KEPAADV
(multi-head attention layer) tng apxitekToViKTG ToL Transformer pmoEovY va a@aipeOovV Xwolc va BAAPOLV TNV ATIOTEAEOUATIKOTTA TOV HOVTEAOL. AUTO
o@eiAeTal 0To YeEYOVOs OTL DAPOQETIKES KEPAAES TLAAAUPBAVOLV TtaQoloLeg TANEO@OoRLeS. ()¢ ek TOUTOL TROTEVETAL EVag AAYOQLOUOG IOV EKTIALOEVEL
OUYKEKQLUEVA OTOWHATA TNG aQXLtekToVIKNG Tov Transformer ta omola eTBAAAOLVY T1) DL POEOTIOMOT) HETAED DAPOQETIKWV KEPAAWVY 0TO OTEWHA multi-
head attention. H dtatqopomoinon twv KeQpaAwy eMUTUYXAVETAL LEOW EVOG LOVOOTQWHATIKOV VEVQWVIKOV dKTVOL TOOOW-TEOPODOTNOTS TO OTIOL0 ELOAYETAL
otV apxLtektovikn Tov Transformer kot EKTADEVETAL LLE TOV TIEOTELWVOUEVO AAYOQLOUO VW TO VTTOAOLTIO HOVTEAO ekTtadevETAL e TOV aAyoptOpo Adam.
O aAyopiBuog voOetel TV MEOCEYYLOT) PEATIOTOTOMOTG VIO TTEQLOQLOUOVG oL €L 1101 mMEOoTabel OTE VA EVOWUATWOEL TOV YEVIKEVUEVO aAyopolOuo




Hebbian otov kavéva ekpaOnong Kot XONoLHOTOLEITAL O€ TOELS DLAPOQETIKES TTAQAAAQYEC TNG AQXLTEKTOVLIKT]G TOL Baotkol povtéAov Transformer. Extog
amd TN dxPOQOTOLNOT) TWV KEPAAWY, 1) TEOTELVOLEVT HeBodoAOYia Hmogel va xonotpomomOel yia tnv apaioeon twv

KEPAAWV TIOL CLAAAPBAVOLY TteQLTTEC TTIANROPOOLES. Tar melpdpaTa Tdvw o€ MEOPAT|HATA HINXAVIKIG HETAPOAONS DELXVOUV OTL AXUTH 1) TQOO €Y YLOT] UTTOQEL
va BeAtiwoeL TV anddoon tov PactikoL povtéAov Transformer.

Abstract

This dissertation explores the development of deep neural networks training algorithms and architectures which can be utilized in real world Natural Language
Processing (NLP) tasks. To this end, we develop a novel constrained optimization framework that incorporates a-priori knowledge in the training process. Two
different types of knowledge are explored: i) intrinsic knowledge about the characteristics of the network’s loss function landscape, and ii) external knowledge
originating from the nature of the learning task. In the case of intrinsic knowledge, we develop a generic algorithm for training deep neural networks utilizing
information from the second derivatives of the loss function (Hessian matrix). However, the algorithm is Hessian free in the sense that it only requires the
computation of a Hessian-vector product which can be computed exactly and very efficiently within any modern computational graph framework. We
demonstrate the efficiency of the proposed algorithm in a variety of both NLP and computer vision tasks. In the latter case we explore a variety of external
knowledge sources depending on the learning task at hand. We first explore methodologies in a recommender systems setting because in most cases the ratings
matrix is extremely sparse and thus the step of calculating similarities between users often fails. Thus any additional knowledge apart from that provided by the
ratings matrix can greatly enhance the quality of the recommendations. Initially we propose a method for generating recommendations in such problematic cases
by expanding and traversing the users’ similarity graph so as to make new link predictions between users that are not directly connected. We evaluate our
proposal on a social rating network, and show that the infusion of this new information in the similarity graph is comparable to state of the art graph embedding
techniques but with lower computational cost and directly comparable coverage.

We also investigate the matrix factorization problem as a neural network, where the users and items are expressed as trainable embeddings. Within this
formulation, the Scaled Exponential Linear Unit (SELU) exhibits performance invariance properties regarding the selection of the optimization algorithm and its
corresponding hyper parameters. This is demonstrated in a number of experiments which involve various activation functions and optimization algorithms for
training different neural network architectures on standard recommender systems benchmark datasets. Better results can be achieved in a social ratings network
setting where additional knowledge is available from the social connections between users in addition to their rating behavior. This allows us to propose, within
the constrained optimization framework, an efficient matrix factorization algorithm for recommender systems which improves on previously proposed related
approaches in terms of convergence speed, recommendation accuracy and performance on cold start users. We then modify this approach to tackle NLP tasks
by leveraging external knowledge about word similarities provided by semantic lexicons. We propose a powerful matrix factorization algorithm that extends
GloVe and produces word embeddings enhanced by the semantic information. The proposed algorithm outperforms other related approaches that utilize
semantic information either during training or as a post-processing step. Finally, the efficiency of our constrained optimization approach for developing deep
neural networks training algorithms and architectures for NLP tasks is demonstrated by the incorporation of the generalized Hebbian algorithm as external
knowledge within the framework. This allows us to enhance the Transformer architecture with layers that enforce the diversification between different heads in
the multi-head attention layer. Experiments on machine translation show that this approach can improve the performance of the baseline Transformer model.
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ITegiAnym O yevetikoc MEOYQAUMUATIONOG elval pia katnyoola twv pefodwv e Texvntic Nonuoolvng mov elval eUmveLOpEVES amd TN @Uon. Mipeital v

Aettovgyia tov DNA otnv e£eAKTIKT] avanmaoaywyn Twv 0QYAVIOUWV YLt VO KATAOKEVALEL AVOELS IOV 0TI OLUVEXELX VTIOKELVTAL 0€ Mot dlaxdikaoio
AEOAGYNOTG TG ATTOTEAETUATIKOTNTOS TOVG 0TV emiAvon tov Thépevov mEoPATnatos. Otav to mMEOBANUa Yo emiAdvon avijkel OtV KAt yoia g
OUVUPOALKTG TAALVOQOHUNONG, ATIEKOVICETAL ATIO éva DLAVLOUA dEdOUEVWV TO omolo Ba Eémet va emaAnBevetal pe ToV KaAUTEQO duVATO TEOTIO ATIO TN
OLVAQTNOT TOL ONULOVEYEL WG AVOT O YEVETIKOS TROYQAUUATIONOS. O YEVETIKOS TOOYQAUMUATIONOS EKUETAAAEVETAL TNV TATIQOPOQIA TIOV VTIAQXEL
KQUUHEVT) OTat dedopéva Xwels va amattel ontr) kaBodriynon and tov dvOewmo TMEAUATIOTH, 0 0nolog emepBatvel e EUUECO TOOTO, HELWVOVTAS TNV
eTdEAON TG AvOEWTIVNG TEOKATAANYNG. AVIKEL OTNV KATYORIX TwV peBevpeTikwV aAyoplBpwy kat mpoteiveTat w1 HEB0dOC Y TV dlepevvnom TNg
OUUTIEQLPOQAS TOAVTTIAOKWY CLOTNHATWV. Ed Yivetal emikéVTowaoT) 0Ta CLOTIUATA TAQAYWYT]S TTOL CUVAVTWVTAL 0TI BLOUN XAV KoL EVTIAOOOVTAL 0TV
emixelenotakt) éoevva. OLagy€g 0TV HOVTEAOTIONOT AVTWV TWV CLOTUATWY CUVAVTOVTIAL KAL 08 AAAX CLOTIHATA OTIWS TA CLOTHUATA AVAHOVIG, OTNV
dLolKkN o™ AELITOLEYLWV, O€ QO] EQYATLIOV OTWE AVTEG TIOL ATIAVTWVTAL OTO JNUOCLO TOHER, 0TI TNAETUKOWVWVLES kat aAAoV. To mEOPANUa oL kaAelton va
ETUAVOEL O YEVETIKOG TQOYQAMUATIOMOG elvaL 1] e€aywyT] HAONUATIKOV OXETEWV YIX TNV TEOCEYYLOTIKN EKTIUNOT TOL QUOLOD TAQAYWYTS AVTWV TWV
ovoTNUAaTV. To MEOPANUA LETOA OXEDOV ETITA DEKAETIEG ATIO TNV DNUOCLELON TNG TMEWTNG OXE0NG YIX VA TETOLO CVOTNHUA. L€ AVTO TO XQOVIKO JLAOTNUA
eA&XL0TEC akQIPBeic oX€oelg €XOUV MEOTADEl KATADEUKVVOVTAS TNV DVOKOALX TOL TEOPANUATOC. AKOUT KoL 1) akQIBc aQlOunTikn) emiAvon pumoel va yivet
Yot JIKQA OXETIKA CLOTHHUATA, EVA YA Tot APECTWS TTOAVTTAOKOTEQR, YIVETAL €V VTTOAOYLOTIKA adUVATO TOOPATIUA AKOUT KAL YL TX TTAEOV OUY XQOVAX
vmoAoyloTika cvotuata. I'a v eEaywyn TEOOEYYLOTIKWOV OX£0EWV TIOL YEVIKEVOUV KaAG& pia dlaxdikaoia magaywyns dedopévwy eKmaldevons twv
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aAyoplBuwv peBodevetal otV mMAOVOA JOAKTOQWKN dxTOLBN). Agdopéva and T Magkoflavy) avaAvon TEOEOdDOTOVUV VAOTIOW|TELS TOU YEVETIKOU
TIEOYQAHUATIOMOV TIOL dIVEL KaAég AVOELS Yia i oelpik ovotnuatwy. H petaavaAvon twv anoteAeopudtwy delx Vel OTL OLVAVTATAL CUXVAE WG DoY) TNG
Avong 0 Adyog dvo moAvwvLpwV. Kat ot Avoelg mov éxovv AAAN dopn e KAmolo ToTo oxetiCovtat pe Aoyo moAvwvopwv. H dtegedvnon tng mapandvw
TIOQATI)ONOTG OdTYNOE OTNV dnNUoveYia evog LPEEWKOL TXIHUATOS OTIOL O YEVETIKOG TQOYQXUATIONOS KATAOKEVACEL TN dour| TG AVONG Kat évag
YEVETIKOG aAyOoLOOG QUOLCEL TIG TLHES TWV OVVTEAEOTWV Kol EKOETWV LOVWVUH®V. AVTA T HOVOVUHLX ONULOLEYOUVV To AGyo dV0 TtoAvwvLuwy. ‘Etot to
LBOWLKO TXIHUA YEVETIKOV TIQOYQAUUATIOLOV KAL YEVETIKOVU aAYoRLOHoL dnutovgyel povov AVTELS Ttov elvat AGyog d00 moAvwvipwy. To oxfua yevucevet
KAAUTEQX ATIO TO YEVETIKO TOOYQAUMATIONO divovTag coPaés evdei&els Ot  akolBeic Avoelg éxovv avtr] T dopr. Yo avty) TV OTITIKY] €YLVE 1)
emaveEETaoT TV aKQBWV AVOEWV TIOL LTTAYXOLV, £XOVTAS TAV OKOTIO OTL UTIOQEL va YiVEL 1] emaywyT) AVoEwV Yix peyaAvtepa ovotipata. Me T xonon
TWV YOAPWY, TOL XOMNOLHUOTIOOVVTIAL OTAX OLOTHHATA TAXQXYWYTS KLOIWS WG ATELKOVIOTIKO EQYXAELD, TEQLYQAPNKE €Vac XwEoc mbavotnTag Ko
avantoxOnke pla péBodog yix v eEaywyn TV OTACIHWY TOAVOTTWV TWV CLOTNHATWV HE CLUUBOAKN HOQE@N. AULTO £YLVE HE TNV €QUNVELX TOL
CevyviovTog 0EVTQOU, KAt TNV analOpnomn 0Awv Twv CEVYVLOVTWY dEVIQWY TOL KATAATYOLV O€ i KATAOTAOT) TOL OLOTAUATOS. ATIO TO OTNUEl0 ALTO Kol
HETA 1) EKPOAOT OAWV TWV UETOIKWY ATIOD00TS TWV CLOTNUATWYV eivar Oéua dAyefoac. Mio oelpd amd ocvomjuata eTAVONKAY, KATIOLX EKTOS CLUOTIUATWY
TR YWYNG, HE TN XO1NOT NG YeVIKNS preBodov mov avamtvxOnke otnv magovoa datoPr). H nébodog emiAvet ovpfoAtka 1] kKot atOuntikd ToLA&XLOTOV
T CLOTIHATA TIOV HTTOQOVV Vat EKPEAOTOVV ws Magkofiavég aAvoildes. Eyvav magatnonoels oxetika pe to néyeog twv AVoewyv, T dopr) Toug Kot TV
EUPAVLOT LOTIPWV OTOVS YRAPOLS TIOL ALEAVOLV LE TEOMAKTIKA TaXV QUOUO To péyeBog Twv akoBwv AVoewv. To peyddo péyeBog twv o pov Avoewv
elvaL 0TV oL 0 TAQAYOVTAG TIOL deV eTETOEYE TNV eEaywYT) LAOUATIKWV OX£0EWV KAELOTOV TOTOL OAX T TEOTYoUpEVa Xoovia. H xorjon kAaooukwv
HeBOdWV OTwWS dDAPOQIKOS AOYLOLOG Kat AoYLopog mbavot)twv tic kablota eEatpetika dvoxonotes. Edw xonowpomowmOnke 1 Oewola twv yoapwy, péoa
amod évat HOVTEAO TOU HOVTEAOL TwVv MagKoBLavay dadKaoLwV TwV VTTOKEHEVOV TUOTNUATWY TIOL EMETEEYPE TNV EMIAVOT] AVTWV TWV CLOTNUATWY KoL
OVOUEVETAL VA OUVELOQPEQEL LEAAOVTUKA 0TI OLEVELVOT] TWV YVWOEWY UAS YL AVTA.

Abstract

Genetic programming is a subclass of nature-inspired methods of Artificial Intelligence. It mimics DNA's function in the evolutionary reproduction of organisms
to construct solutions. Afterward, the algorithm evaluates these solutions and assesses their effectiveness in solving the posed problem. When the problem to be
solved belongs to the category of symbolic regression, it is represented by a data vector that should be verified in the best possible way by the function created
as a solution by genetic programming. Genetic programming exploits the hidden information in the data without requiring explicit guidance from the human
experimenter, who indirectly intervenes, reducing the impact of human bias. It belongs to the category of metaheuristic algorithms and is proposed as the method
for investigating complex systems' behavior. Here the focus is on the production systems found in industry and are part of operations research. The principles in
modeling these systems are also found in other systems such as queuing networks, operations management, workflows such as those found in the public sector,
telecommunications, and elsewhere. The problem to be solved by genetic programming is the extraction of formulas for approximating the throughput of these
systems. The problem counts almost seven decades after the publication of the first formula for such a system. During this time, very few exact formulas have
been proposed demonstrating the difficulty of the problem. Even an accurate numerical solution can be done for relatively small systems, while for the more
complex ones, it becomes a computationally impossible problem even for supercomputers. A data organization process is used herein to create approximate




relationships that generalize well. The genetic programming implementations are fed by Markovian analysis data to provide reasonable approximate solutions
for various systems. The results' meta-analysis shows that the ratio of two polynomials is often encountered as the solution's ultimate structure. Moreover,
solutions that have a different structure are somehow related to a polynomial ratio. The investigation of the above observation led to creating a hybrid scheme
where genetic programming constructs the solution's structure, and a genetic algorithm adjusts the values of the coefficients and exponents of monomials, which
create a ratio of two polynomials. Thus, the hybrid scheme of genetic programming and genetic algorithm creates only solutions that are the ratio of two
polynomials. The scheme generalizes better than genetic programming giving strong indications that the exact solutions have this structure. From this
perspective, the existing exact solutions are reexamined to induce solutions for larger systems. Using graphs, which are used in production systems mainly as an
imaging tool, a probability space was created, and a method was developed to derive the stationary probabilities of the systems in symbolic form. That was done
by interpreting the spanning tree and enumerating all spanning trees that end up in a system state. From this point on, the expression of all system performance
metrics is a matter of algebra. Several systems were solved, some outside of production systems, using the general method developed in the present dissertation.
The method solves symbolically or even numerically at least the systems that can be expressed as Markov chains. Remarks were made about the size of the
solutions, their structure, and the appearance of patterns on the graphs that increase the exact solutions' size at an alarmingly fast rate. The large size of the exact
solutions is, in fact, the factor that did not allow the extraction of exact closed-form formulas in all the previous years. The use of classical methods such as
differential calculus and probability calculus makes them tools that are extremely difficult to use. Graph theory was used here through a model of the Markovian
model of underlying systems that allowed these systems to be solved and is expected to contribute in the future to expand our knowledge of them.
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ITegiAnym

Ot KoouKéS akTiveg elvat QOQTIOUEVA TWHATIOL TIOAD VYNANG eVEQYELAS TIROEQXOMEVA ATt YaAallarés kat eEwyadallarég mnyés. H aviyvevon twv
TWUATIOWY AVTWV YIVETAL EUUECA ATIO TOV KATALOVIOLO DEVTEQEVOVIWY TWHATOWY TOL TIROKAAEITAL ATIO TNV AAANAETIDOAOT TOVG e TTLET|VES TNG
ATUOOPALEAC. ML avaTITUOTOLEVT] VEQ TEXVIKT] AVIXVELOTG TOL KOOULKOU KATALOVIOUOV OTNV ATHOT@aoa otnelletat otnv A tov NAEKTQOHay VITIKOU
KOUATOG TOL EKTTEUTIETAL OTNV TTEQLOXN TV padlokLATWY RE. YXtnv magovoa dixtofr] éyvav peAéteg v TNy dnpovgyia €vOg HOVTEAOL ATOKQLOTS TWV
KEQALWV XONOLUOTIOLWVTAS TO eveQYO pnkoc (EM) touvg kat mpooopowwoels tov RE @douatoc amd da@oQeTiké MEQLMTWOELS KOOUIKWV KATALOVIOUWV.
Ykomog etvat 1 extipnon tng dtevOuvvong APLENG TOL APXIKOU CWHATIOIOL TLYKQIVOVTAG TO PACUA TOU KATAYQAPOUEVOL TAALOU HE TO HOVTEAO TNG
kepaiag. Apxika xonoiwpomomOnkav dedopéva twv otabpwv A kat B katd v mowtn @Aon AltovQylag Tou THAEOKOTIOU €V OTNV OUVEXELX
XONOHOTOONKAY PATHATA ATO YEYOVOTA TIOL KATAYQAPNKAV TALTOXQOVA amod TG 4 kepaleg ToL oTaBHoly A 0TV dIAQKELX TG DEVTEQNGS PAOTS
Aettovgylag Tov. Kal oTic duo MEQLMTWOELS DEDOUEVWY €YLVE OUYKQLOT] TWV ATIOTEAECUATWYV LE TIG HETONOELS ATIO TOUG OWHATIOLKOUG AVLXVEVTEG TWV
otaOuOV kaBws Kal pe mTEOOOHOLWOELS. EmmA€ov €yive pa CUOTNUATIKY HEAETN Vit TNV KATAYQAEPT TWV XQOVWV APLENG TWV TAAHWY OTLS KEQALES KAL
AVAKATAOKELT) TNG dLeLOLVOTNS APLENG TOL KATALOVIOUOU ATtO TOV XQOVIOHUO TWV KEQALV.

Abstract

During the present thesis, studies were performed to create an antenna Voltage Response Model (VRM) using the antenna's Vector Effective Length (VEL) and
simulations of the RF spectrum from different cases of cosmic events. The purpose is to estimate the arrival direction of the primary particle by comparing the
recorded pulse spectrum with the antenna model. Initially, data from stations A and B were used during the first phase of operation of the telescope, while then
were used spectra from events that were recorded simultaneously by the 4 antennas of station A during the second phase of operation. In both data cases, the
results were compared with the measurements from the particle detectors of the stations as well as with simulations. In addition, a systematic study was
performed to record the arrival times of the pulses on the antennas and to reconstruct the arrival direction of the shower from the antenna timing.
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ITegiAnym H mapovoa datolpn aoxoAeital pe v a&loAdynon twv HeTapoLOuioewv Tov dNUOoLov Topéa oL etorjxOnoav péow tov Emyetpnowakov Ipoypdupatog

Awownrikr) MetapouOuion 2007-2013, to omolo ovyxonpatodotOnke and to Evowmnaikd Kowwvikd Tapeio. H peAétn avt éxet peyaAn onuaoia, kabwe
efetalel éva peyaAo aQlOpd ovyXONUATODOTOVUEVWY TIQOYOXUATWY OLOKNTIKNG UETAQQVOLOG (417) oL €X0LV ePAQHOOTEL TNV TeAevTaia dekaeTian.
Ta ototxela oLVAAEXONKaV amd Tic Paoels dedouévwy tov Emixeionotaxov IMgoyodppatoc kat ovvépaday otny eEaywyr] HXS OELRAS OELKTWV TNG
OLKOVOMIKNG KAl (PUOLKTS OQA0TNELOTNTAS TOL TROYQAUatos. H avdAvon avtwv twv dedopévov £dwoe evOLPEQOVTA ATOTEALOUATA Vit T €O TwWV
HUETAQQLOMOTIKWV €QYwWV, TOV PAOHO KALVOTOHIXS TOUG KAL TN OLVOXETLOT) TOUG HE ULt OERA ATIO OKOVOUIKOUG OelkTe aAAd kupiwg pe tov Padpo
0AOKANIQWOT)G TOUG &vTOg Twv KaBoglopévwy xoovodlayoappuatwy. H éoguvd pac mooomabel va PReL TIC TACES KAL TO XAQAKTNQLOTIKA TWV
HMETAQQLOMOTIKWV €QYWV (TUTIOL KALVOTORAS, ToALTIAOKOTTA KABe €QYyou, DElKTEG ETUTUXOUS LAOTIOMONG K.ATL.), TIQOKEEVOL VA EVTIOTIOEL TOUG
naQdyovtes amotuyias. Tavtoxgova, 1) OlKOVOUETOLKT) avaAvoT pag Pondnoe va O€0ovpe CLVOVAOTIKA EQWTIHATA TIOL OTOXEVOLV 0T OLEQ EVVTOT] TNG
oX£€0mG HeTaV NG 0AOKATIQWOTG EVOG LETAQQUOLLOTIKOV €QYOU O€ OX£0T) HE MAQAYOVTEG OTWG 1) OLKOVOLLKT] KQLOT), Ot aAAQYEC otV MOALTIKY NYeoia, Ta
XAXQAKTNOLOTIKA TV MQOWOOVEVWY KAVOTOULWV KATL. H epmetouer] pag éoevva €detée 0Tt Umoget va dnpioveynOet éva 0KoVoUETOLKO HOVTEAO TO 0ToLo,
Aapupavovtag we aveEAQTNTI HETABANTI HOVO TOV TAQAYOVTA TOL TUTIOL KALVOTOMIAG EVOC LETAQQUOMLOTIKOV €0YOV, UTIOQEL VA EQUINVEVTEL, LLE LEYAAT)
axgifewr, eav 10 €oyo Oa oAokAnowOel. Me auvtdv TOV TOOTIO OMNHLOVEYNOAUE ML XXQTOYQAPNON OAWV TWV HETAQQUOMOTIKOV €QYWV oL
npaypatonomOnKkayv eketvn v mepiodo. H avaAvor| pac €deiée ot magdAo mov to Emiyetonoaxo Iodyoappa Atowntikiic MetapovOuong 2007-2013
OXEDLAOTNKE YL TNV TIEOWONOT KALVOTOHWY HETAQQUOULOTIKWV €QYWV, DEV KATAPEQE VA Tat TEQOWONOEL EVTOG TV KADOQLOHEVWY XQOVOILAY QAUUATWV.
H e&étaon tov magaydviwv amotuxlag Paciotnke oe €va eKTEVEG EQWTNUATOAOYIO TOL CLUUTANEWONKE amod 90 éumepa oteAéxn tov EXITA. To
OULUTIEQAOUA Elval OTL 1) TTEOWONOT EVOS HETAQQUOLLOTIKOV €QYOL OTO dNUOCLO TOUER EVAL UL TTOAVTIAQAYOVTIKY] EEL0WOT TIOL TEQIAAUBAVEL A) Ta
XAXQAKTIOLOTIKA TOL {DLOV TOV HETAQQUOULOTIKOV €QYOU (TUTOC KALVOTOULAG KL TIQOUTTOAOYLOHOG £€QY0V), B) Oépata ogydvwong kat duxxelotong (dopr) kat
oVOTNUA DL X €LOLOTG KoL OXEDLAO OV €QYwV, TTOLOTNTA dlaX lpLomg avOQwTIvoL duvapKod aAAG Kot TOAVTTAOKOTTA TOL CLOTHUATOS DX X EIPLONG €0YWV
KAL TV ETULUEQOVGS DLADKATLWV TOVG), V) AAAG KAl TAQAYOVTES TOL €EWTEQLKOV TEQLBAAAOVTOG (OLKOVOLLKT| KQLOT) Kot aotaB et moALTIkoL TteQBAAAoVTOC).
H aAAnAemdoaon avtav twv maQayodvtwy elval TO00 LoXLET] oL OAOL OL ETULUEQOVS TTAQAYOVTES TRETEL VAt AdBAVOVTAL LTIOYT) KATA TOV OXEDLATUO EVOG
MEOYQAHHaToG petagouduicewv. H magovoa dimAlwpatikn eoyaocia elxe wg 0TOXO va MQOOEPEQEL Tat akOAovOA TAQADOTEA OTNV AKADNMUALKN
kowotnta.l.EvdeAexng e€étaon kat ta&wvounon g PPAoyoa@las yiax to OEpa TG KAVOTORIAS 0TO ONHOCLO TOUER2. XAQTOYQAPNOT] TWV TAQAYOVTWY
TIOL €MMNEEALOVV TNV KAWOTOUIX TOL dNUOCLOL Topén, oUppwva pe T Ocwola.3.Ta anoteAéopata g eumelQkns peAétng oe 417 mooyodppato
petapEuOpioewv Tov EAANvVikoL Anuootov Topéa. Mia peAétn mov Eexwollel yia T HOVADIKOTNTA TG 0T OXETIKT] BBAoyoagia kat mov eAmiCovple va
amoteAéoel mEOTLTO.4. AEL0AGYNOT) TOV ETUTTEDOL KAVOTOUIAG Kol TwV PactkaV mtapapétowv Tov EAAnvucot Tpoyoduuatog Awokntikng MetapevOpong




HE TN OULVOQOMN TWV OULHUTEQAOTHATWY TOL TEOEKLYAV ATIO TNV EMEEEQYAOTIX TWV EQWTNUATOAOYIwV 7oL amavtiOnkav anmd To delypa Twv
EUTELQOYVWHOVWY Hag. 5. Tnv a&loAdynon tov Babpod vAomoinong evog éoyou peta@EUOIoNg Aaupdvoviag vToOPn HOVO TOV TUTIO KALVOTOLLIAG Tov.6. TV
e£étaon Twv magayovIwyv mov, otV EAAGda, odnyovv éva kawvotdpo éoyo oe amotuyxia. ITagdAANAa ) dlaAO Lo avTt@V TV TAQEAYOVTWY KAL TH)
OLEQEVVNOT) TV UETAED TOUG CLOYETIOLWV.

Abstract

This dissertation deals with the evaluation of public sector reforms introduced through the Operational Program Administrative Reform 2007-2013, which was
co-financed by the European Social Fund. This study is of great importance, as it examines a large number of co-financed administrative reform programs (417)
that have been implemented over the past decade, with the aim of promoting innovative activities in the Greek Public Sector. The data were collected from the
databases of the Operational Program and contributed to the export of a number of indicators of the economic and physical activity of the program. The analysis
of these data provided interesting results on the types of reform projects, their degree of innovation and their correlation with a number of economic indicators
but mainly with the degree of their completion within the set schedules. Our research tries to find the trends and characteristics of the reform projects (types of
innovation, the complexity of each project, the indicators of successful implementation, etc.), in order to identify the factors of failure. At the same time,
econometric analysis helped us to ask combined questions aimed at exploring the relationship between the completion of a reform project in relation to factors
such as the economic crisis, changes in political leadership, the characteristics of promoted innovations and other factors.Our empirical research has shown that
an econometric model can be created which, taking as an independent variable only the factor of the type of innovation of a reform project, can interpret, with a
high degree of accuracy, whether the project will be completed. In this way we created a mapping of all the reform projects carried out during that period. Our
analysis showed that although the Operational Program Administrative Reform 2007-2013 was designed to promote innovative reform projects, it did not succeed
in advancing them within the set timeframes. The examination of the failure factors was based on an extensive questionnaire completed by 90 experienced NSRF
executives who evaluated the failure factors assigned to them.The conclusion is that the promotion of a reform project in the public sector is a multifactorial
equation which includes: a) the characteristics of the reform project itself (type of innovation and project budget), b) issues of organization and management
(structure and system of administration and planning of projects, quality of human resource management but also complexity of project management system
and their individual processes), ¢) but also factors of the external environment (economic crisis and volatility of political environment). The interplay of these
factors is so strong that all the individual factors must be taken into account when designing a reform program.This dissertation aimed to offer the following
deliverables to the academic community.1.A thorough examination and classification of the literature on the subject of innovation in the public sector2.The
mapping of the factors that influence the innovation of the public sector, according to the theory.3.The results of the empirical study in 417 reform programs of
the Greek Public Sector. A study that stands out for its uniqueness in the relevant literature and which we hope will be a model.4.An assessment of the level of
innovation of the Greek Administrative Reform Program and its basic parameters based on the results of an experts” survey.5.An estimation of the successful
implementation of a reform project by only taking into account the type of innovation it sought to introduce.6.The investigation of the factors of failure in reform
projects in Greece and the prioritization of these factors as well as the correlations between them.
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ITegiAnym H dopuen} acepaudtnta elvat amd ta OTUAVTIKOTEQA KQLTHOLA TTOL LTIAYO0QEVOLV TOV OXEDLAOUO TV ETIEUBATEWY ATIOKATATTACTS TAQADOOLAKWV KTIOIwV

KaL TNV emAOYN TV LAkWV. Metd Tig ev Adyw emepPAoELS elval TOAD onUavTIKni 1) ouveEXNS tapakoAovOnon twv PAaBwv. ITgog avtr) v katevBLVOM,
1 KAQOWKT) mMEoo€yyLon PaciCetal ot XO1on KatdAANAwY aloONtowyV, mMEOoAQTNUEVWY 0& 0QLOUEVA ONHELX TwV DOMLKWY oTtotxelwv. Mia e vaAAakTikn
TEOOEYYLOT EYKELTAL 0TI XONOT VAIK@V ATIOKATAOTAONG TOL TAQOLOLALOLV TeCoayya XAXQAKTNOLOTUIKA, ONAAdT] 1 NAEKTOLKI] TOUG AVTIOTAOT)
HETABAAAETAL HUE TNV EPAQLOYT] HNXAVIKOV (POQTIOV. LT0 MAAIOL0 ALTd, 0TOX0S TG MAQOVOAS £QEVVAS EVAL T EVOWHATWOT] VOVOUALKWOV e PAoT Tov
avOoaka 0e LVAIKA amoKATAOTAONS wote va magaxOovv ovvOeta LA pe meCoaywylpes womrec. Ta dopuead LVAKA pe Baon tov aoféot
XONOLHOTIOLOVVTAL O€ ETEUPATELS ATOKATAOTAONG, KaBws mMANeoUV ta amagaltnta kottiow cvpupatotras. O aoféotng xonotpomnoteitat ovvnOwg oe
oLVOLAOUO e TOCOAAVIKA TIOOOLKTA 1) TOLUEVTO, YIX VA CUULOQPOVETAL KAL PLE TA KQLTNOLA XTMUIKIG/0OQUKTOAOYIKTS KAL UNXAVIKIG OUUPATOTNTAG TG
EKAOTOTE ATOKATAOTAONG. TO MEWTO PriHa NG MAEOVOAS €QELVAG ELVAL 1) TAQAYWYT] OUVOETIKWOV VAIKWV e TIQOOXQUOOUEVEG UNXAVIKES OLOTNTES
oVUPVA pe koITrota ovuPatotnTag. Ot unxavikég IOTNTES OLVOETIKWY VAIKWOV AoBE0Tn/UeTakaoAivig kot aoBEéotn/TotpuévTov cLAAEXONKAaY amnod
BpAoyoapla e okomd va kaBoplotovv mEooeyyLoels Tov CLOXETICOLV T CUVOEDT) TOL CLVOETIKOV VAIKOU HLE TIG HNXAVIKES L0t TES. OL TROTEWVOUEVES
TMEOOEYYLOELS UTTOQOVV V& XONOLHOTIOMO0VV WG KATELOVVTIQLEG YOAULES Vi TI) OLEVKOAVVOT] TOU OXEDAOUOV LG ETIEUPAOTG ATIOKATAOTAONG UE BAOT
TIC TTAQAUETQOVG UNXAVIKTS OLUPATOTNTAS Kt oUVOeonc ovvdeTikoL LAKOU.ITpémel va onuelwBet dti 1 ovvOET TOL CLVOETIKOD VAIKOV ATIOKATAOTAONG
efaptatal oe peydAo Pabuo amno T anoutioels kabe éoyov. Qotooo, aveEaptnta and ) cVVOEOT TOL CLVIETIKOV VALKOU, T VAKX ATOKATAOTAONG OE
daBétovy WILOTNTES avTo-aioOnomng ( self —sensing ) mov Oa emétoemav TV eMTOTUA TAQAKOAOVONOT UIKQOQWYUWY 1) OTOLXodNTOTE AAANG LOQPNC
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BA&BNG. 'l avto, N maparywyn evog oLVOETOL VALKOU LLe LOTNTES avTo-aloBnong etvatl pia avaykatdtta kat a&llet vo dtepevvnOel To KATAAANAO LALKO
mov TEEmeL va mEooteDel ot urToar oLvvdETIKOU LAWkoU. Ta vavoUAka pe Bdon tov avOoaka pmogovv va OewenBolv we evdedelypéva Y Ty
QVTLLLETWTTLOT) AVTOV TOL CNTHHATOS AOYW TIRONYHEVWY NAEKTOLKWY WLOTHT@V.MLot amtodoTLK) OTQAT YLK YIX TNV EVOWATWOT] TWV VAVOJOLLWV UE BAoT)
ToV AvOQaKA 0TI HITEA DOUIK@V VAIKWV elvat 1) EOTEEN dLXOTIOQA TOUG OTO VEQO TG MIENS. AuTd To MEOPANHA 1Tary dDVOKOAD v EemtepaoTel PEXOL
OTLYHTG, OXL LOVO OTNV TEQIMTWOoT) TwV oUVOETWV VAIKWV HE BAOT TO TOLUEVTO AAAK KAl 08 OAEC TIC EQPAQMOYES, KADWS T VaavoowHaTidLX Tetvouv vau
OLOOWHATOVOVTAL AOYW LOXVEWYV OltoQLakav duvdpewyv. H emBoAn evégyeiag vmeprxwv etval piax néBodog mov epaopOCETAL YIX TNV EVIOXLOT] TG
OLOTIORAC, EVE 1) XNHLKT] TEQOTOTION 0T etvat évag AAAOG TEOTOC YIX TNV ATIOPLYT ONHLOVEYIAS CLOCWHATWHATWVY.TO €MOMEVO PTHA TNE TAQOVOAS
€0EVVAC ETIKEVTQWVETAL 0TI OLEQEVVNOT] TWV LOATIKWOV dACTIOQWY VAVOUALKWVY e Pdorn tov avOoaka, ws TO MOWTO PrjHA YLX TNV ToQaywyn
vavooLVOeTtwV VALKV, MeAetwvTal méVTe DAPOQETIKES TQOTTOTONHEVES VOVODOUES, CUUTIEQIAAUBAVOREVOV TOLWY TQOTIOTIOLNUEVWY DOLWY YOAPEVIOL
Kat OVO TEOTIOTIONUEVWY VAVOOWATIVWV avBoaka. LToXos elvat 11 avamtuln evog TEWTOKOAAOL ylx YO1yoQn a&loAdynorn Kal TOOOTIKOTOMOT) TV
dtaomopwv. Ot dIxoTOEES HeAeTwVTAaL HEOW PATATOOKOTIAG NAekTOWNG eurtédnon (EIS) pe ) xorjon dnAektokov atoOntoa. H katvotopia éykettal
OTNV EKUETAAAELOT) EVOS UKQOV aXLOONTIOX YIX ETUTOTILEG APETES UETOTOELS E TNV EQAQHOYN evaAAaooopevou pevpatoc.Ta anoteAéopata €detEav OTL
Ol XAUNAEC OUYKEVTOWOELS VAVOOOUWY 0d1nyovv oe LmAEC Tipnéc ovvOetng avtiotaons, kabwe dev €xel dapoQ@wOEL TO aywYLHO dIKTLUO VAVOOOUWV.
BoéOniav dvo punxaviopol mov AaBAVouV Xwea KaTd TNV eMBOAT] eVEQYELAS LTTEQNXWV: BEAVOT TWV CLOCWHATWUATWY TOL DLEVKOAVVEL T QO1] TOU
NAEKTOIKOV QEVUATOS AOYW TOU OXNUATIOHOU EVOS KAAVTEQA DLATKOQTILOUEVOU OLKTUOV, AAAG TALTOXQOVA KATAOTQEPETAL 1) ETULPAVELXKT] LOQOPIAT) doun
TOV TWV TEOTIOTIONHEVWY Vavodouwv. ITpotetvetal emopuévwg 1) mapaokeun] dXOTTOQWY OE LK EVOLAHEDT] OUYKEVTOWOT) Vavodouwv (mepitov 0,15 % x.f3.
TWV OUVOETIKWY VAIKWY), e eTBOAT) evéQyetag vrteorxwv 30 éwg 65 k].Metd ToV TEOOOLOQLOUO TOL KATAAATIAOL OCUVOLACTHOV OUYKEVTOWOTG KAL EVEQYELAG
VTTEQNX WV, OL TLEVTE VAVODOHES EVOWHATWVOVTAL € dVO DLAPOQETIKES TIAOTES HLE PAOT) TOV AOBE0TN, E OTOXO TNV AVATTLEN TWV TEAKWOV CVVOETWV VALKV
HE tkavoTtntes avto-aioOnone. H modtn unroa doptkwv vAkwv amoteAeitat amd @uotkn] LVOQAVALKT AOBECTO KAt LETAKAXOALVN (TTOCOAAVIKO VALKO), EVQ TO
0eVTEQD AMOTEAE(TAL ATIO AEQIKO AOBE0TN, HETAKAOALIVT] Kot TOEVTO. OU PNXAVIKES Kol NAEKTOUKES WLOTNTEG TWV VAVOOoLVOETWV VAKWV mov
avantoxOnkav e€etaoTnKav Kot oLYKQLONKAV e TIC AVTIOTOLXES WLOTNTES TWV LVAIKWV avagoas. Ta amoteAéopata €deléav Ot 1] EVOWUATWOT] OAWY
TWV TOTWV VAVOUALKWVY 00N Yel 0€ ONUAVTIKT PeATIWON TwWV NAEKTOUKOV OLOTHTWV. LXETIKA HE TNV TUeCOXY@YLLT AmMOKQLOT, 1] VPNAOTEQN ATIOKQLOT)
ONUELWONKE KATA TNV EVOWHATWOT KAXQPOEVAIwEVOL Yoapeviov ot ovvOeon aoB£otn-moloAdvnc-ToLéVTov. LUYKEKQIEVR, TapatnonOnke 70%
pelwon otV NAEKTOKY avTiotaot ot dldokela pogtioewv/amopoptioewv oto 50% tng OAtmTikns avtoxnc.E€etdotnke emiong n PrwotpdTra g
maQAywyYNs vavodopwv avOoaka. EEetaotnkav mMaQaETOOL OTWS TO KOOTOG TTAAQAOKEVTG, TO TEQBAAAOVTIKO ATTOTUTWHA KAL OL UNXAVIKES LOTNTEG,
wote va emiAexOel pag Praotpn vavodour avOgaka yia TNy evioxvon Twv LAKOV pe Baon Tov aoPéotn (amogaoT) pe ToAAaTAA kottrola). YioOetrOnke
piax LeBodoAOYIX EKTIHNONG KOOTOUG KAl TTEQUBAAAOVTIKOU ATOTUTMWHATOS VLA TIG TTEVTE DLADIKAOLES ETUPAVELAKNG XTHLKT]S TQOTIOTIONOTS TWV VAVOJOUWV
avOpara o€ EQYAOTNOLAKT] KAUAKA KL TA ATIOTEAETUATA EQUNVEVTNKAV AauPavovtag LTTOYT TNV AvVTIOTOLXT) BEATIWOT) TWV UNXAVIKWOV OO TATWV.




Abstract

Structural integrity and safety are among the most important criteria dictating the design of interventions and the selection of restoration materials for Cultural
Heritage Monuments. After the interventions, continuous structural health monitoring of the restored structures is of crucial importance. In this direction, the
classic approach is based on the use of suitable sensors, properly attached to strategic points of the restored structural elements. Analternative approach is the
exploitation of restoration materials which exhibit piezoresistive characteristics In this context, the target of the present thesis is the incorporation of carbon-based
nanomaterials into restoration materials to produce composite materials with piezoresistive properties. Lime-based binders have been extensively used for
restoration interventions and have successfully addressed different performance and compatibility requirements. Lime (aerial or hydraulic) is commonly used
in combination with pozzolanic admixtures or cement, to comply with both chemical/mineralogical and mechanical compatibility criteria. The first step of the
present research is the production of binder matrices with tailored mechanical properties according to compatibility criteria. Mechanical properties of several
lime/metakaolin binders and lime/ cement binders were collected from the literature to establish approximations correlating the binder composition to the
mechanical response. The proposed approximationscan be used as guidelines for facilitating the design of conservation binders based on mechanical
compatibility and binder composition parameters according to the requirements of the individual project. It must be noted that the composition of the restoration
binder depends strongly on the requirements of each specific restoration project. Nevertheless, regardless of the binder composition, the restoration materials do
not possess sensing properties that would allow on-site monitoring of micro-cracking or any other form of damage. To this end, the pro- duction of a composite
material possessing self-sensing properties is a necessity and it is worth investigating the proper additional material that must be added in the bind er matrix.
Carbon-based nanomaterials can be considered as candidates to address this issue, as they possess advanced electrical properties. Possibly the best strategy to
incorporate the CBNs into the binder matrix is the prior (appropriate) dispersion of the nanomaterials in the mixing water with cement. This task has been
challenging to overcome so far, not only in the case of cement-based composites but also in all CBN applications, since the nanoparticles tend to agglomerate in
solutions. Ultrasonication is by far the most preferred method to enhance dispersion, while chemical functionalisation is another way to prevent agglomeration
phenomena. The next step of the present research focuses on the investigation of aqueous dispersions of carbon-based nanomaterials as the first step to produce
nanocomposites. Five different modified nanostructures are studied, including three modified graphene structures (Graphene Oxide, Reduced Graphene Oxide,
Carboxylated Graphene) and two modified carbon nanotubes (Carboxylated Nanotubes, Sulfonated Nanotubes). The target is to establish a protocol for quick
evaluation and quantification of the dispersions is proposed. The dispersions are studies via electrical impedance spectroscopy (EIS) with an impedance sensor.
The novelty lies on the exploitation of a small sensor for on-site (field) direct dielectric measurements with the application of alternating current. The results
showed that low concentrations of nanostructures lead to high impedance values due to low-formed current network. Two opposing mechanisms were revealed
during the accumulation of ultrasonic energy, which are taking place simultaneously: breakage of the agglomerates that facilitates the flow of the electric current
due to the formation of a better dispersed network; nevertheless the surface hydrophilic structure is damaged by the high accumulated ultrasonic energy. An
intermediate concentration of nanostructures is suggested (about 0.15 wt% of the binder materials) as appropriate for the specific application, ultrasonicated at
approximately 30 to 65 kJ. The investigated methodology is highly novel and displays a high potential to be applied in-field applications where CBNs must be
incorporated in building materials. After determining the appropriate combination of concentration and ultrasonic energy, the five nanostructures are
incorporated in two different lime-based pastes, aiming at developing self-sensing binders that would be used for restoration applications. The first one consists




of Natural Hydraulic Lime - Metakaolin (pozzolanic material), while the second one consists of Lime-Metakaolin-Cement. The mechanical and electrical
properties of the newly-developed nano-composite pastes were examined and compared against the respective properties of a reference paste. The results showed
that the incorporation of all types of nanomaterials leads to significant advancement of the electrical properties. The highest piezoresistive response was noted
for the incorporation of carboxylated graphene in the lime-pozzolan-cement pastes led to 70% fractional change in electrical resistance was noticed under cyclic
loading — unloading at a level of 50 % of the compressive strength. The sustainability of the the production of carbon-nanostructures was also examined. Aspects
like manufacturing cost, environmental impact and mechanical properties were investigated to select a sustainable carbon nanostructure to reinforce lime-based
mortars under different, multi-decision criteria. A quantitative cost assessment methodology was adopted for the five processes of surface modification of carbon
nanostructures in laboratory-scale and the results were interpreted against the respective enhancement on the mechanical properties.
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ITegiAnym Tnv teAevtaia dekaeTiar, Ol KATAOKEVAOTEG KQAUATWY AAOVHLVIOU €0TIACOVV 0TV TAQAYWYT] VEWV KQAHATWV XAOVHLVIOU TIOL V& eivat eAapouteQa, [Le

BeATiwpéves pnxaviKés OTNTES KaOwWGS Kot Hmoovy va 0UYKOAAT0ovv. Etvat yvwoto mwg to dopco P&og Twv KQAUATWY AAOVULVIOL pTtogel va petwOel
pe v meoonkn tov otoryelov ABo (Li), kB etvat to eAagpoUteQo petaAAuo xnptkd otorxeto. H mpooOnkn tov Li oe pikpég megtektiwotnres (< 2.0
K.p%) emtoémet ota koapata Al-Cu-Li toltng yevids va magovotdlovv VIMAEG UNYXAVIKES IOTNTES KAl AVENUEVT) CUUTTEQLPOQR avoXNG oTn BAGRT, o€
OUYKQLOT) HE AAA EUTIOQKA AXEQOVAVTINYIKA KOApaTa Al TG oepds 2xxx.Tavtoxoova, oL ateQodACTNUIKES BLOUNXAVIES ETUKEVTOWVOLV TV €QEVVA TOVG
0€ AMOTEAEOUATIKEG TEXVLKEG CUVIEONG OTWG 1) CUYKOAATION e TEN, Y TV TTEQAUTEQW LLELWOT] TOL dOMLKOV BAQOLS KaOwGe KAl Yiot LelwoT) TOL KOOTOVG
kataokevns. H ovykoAAnon pe déoun Aéillep wg texvikr) ouvdeong éxet 110N kablepwOel 0N Blopnyavia aeQooKAPY, T.X. YIX TIC XAUNAOTEQES DOUES TG
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ATEAKTOV, AOYW TNG LYPNAOTEQNS AVTOXNS AVYLOMOD KAl TOL XAUNAOTEQOL BAQOVS, 08 OUYKQLOT HE THV OLMPATIKY HéQ0do ovvdeons He NAwoets. H
avVATTLEN OLYKOAANOLHWY Keapdtwv Al-Cu-Li toitng yevids, 6Tws to AA2198, mOoo@EpeL VEEG DUVATOTITES Vit EEAQETIKA TTOAVTIAOKEG EQPAQUOYEG O
douéc aepookapwv. H xonon cuykdAAnong pe tén, 0nwe n ouykoAAnon pe déopn Aéleo, o€ kavotopa kodpata Al-Cu-Li, etval piax moAAG vtooxopevn
HEB0dOC oLYKOAANONG AdYw TwV NG LPNATIG dOUIKIS ATTOO00TC. LTOX0S TNG TAQOVOAS ADAKTOQLKTS AlxToIPT|g eival 1) pe@odikr| dtegevivnon kat emiAvon
TV TEOPANUATWYV oLYKOAANOLOTTAS ToL KEApatos Al-Cu-Li 2198. Idwxitepn mooooxn) dIdETAL OTIC MAQAUETQOUS TWV DLADIKATIWV CLYKOAANONG LLE
Oéopn Aélle Y T Helwon TwV DoKWV OPAAUATWY KAOWS KAL TV YEWHETOLKOV ATEAELWV TG QAPTIS TNG TUYKOAANOTG TTEOKELLEVOL VA avénBovv oL
HNXavVIKéS OOTNTEG TG OLYKOAANONG. Ol TomKég UNXAVIKES WLOTNTES TG QAPNS TNG OLYKOAANONG Tov KEeApatog Al-Cu-Li 2198 pe déoun Aélleo
VTTOAOYLOTNKAV Yt TLS DIXPOQETIKEG CWVES TNG QAPNS CLYKOAANONG (TTOOOWTO LLE TEOOWTIO) HLE TN KATAOKELT] OOKLUIWY EQEAKVOOD IKONG KAHAKAS Kat
0 eMakOAovO0 doukd Tovg éAeyxo. Ol TomuKés EPEAKLOTUKES WLOTNTEG TNG QAPTIS TLYKOAANONG XONOLHOTOWONKAV WG TOWTOYEVT] DedOMEVA OTO
aolOunTikd povtédo mov avamtuxOnke oto TMAaloo TG AXTEUPTS, TQEOKEEVOL Vo TIEOPAe@Oel 1) €QPEAKVOTIKI] HNXAVIKT] OUUTIEQLPOQR TWV
oLYKOAANoewV. O TeAkdS 0TOX0G aLTHS TS AXTOIPNG elval var eVIoXVOEL TIG YVWOELS KAL TG DUVATOTNTES EPAQMOYTS TOU OUYKOAATUEVOL KQAUATOS
AA2198 pe déoun Aéilep, wote va Yivel o evXENOTO 0ToV Propnxaviko topéa.To mewto pnépog e AtatoIfr|s e0Tidlel OTIG TTTUXEG OLYKOAANOLUOTNTAG
TOV €V AOYW KQAHATOG, OLEQELVVTAG DIAPOQETIKESG TAQAMETQOVG EAEYXOL TNG OLYKOAANONG e déoun A€leQ e Kal XwOIg T XO1on KATdAANAoL LAKOV
TATIQWONS NG QAPTS TG oLYKOAANONG. Ot BEATIOTEG TMAXQAMETQOL dleQYATIAg 0dyovV 0T HelwoT) TV DOUIKWY EAATTWHATWY, OTIWS TO ETUTEDO TOU
TIOQWOOVG, TIG OEQUIKES QWYHES KAL TIG VEWMETOLKES ATEAELEG, OMWGS 1) VTO-TATIQWOT] KAt TO TEEELHO ToL peTdAAov. EmimoooOeta, moorypatomomOnke
OeQLKT) KaTeQYaoix HETA TN OUYKOAANON, TOOO 0 AVTOYEVEIC OO0 KAl O UN-AVTOYEVEIS OUYKOAAT|OELS, Yiat T OLEQEVVIOT) TNG ETIOQAOTG TNG TEXVITNG
YNOAVOTG OTIC EPEAKVOTIKEG PUNXAVLIKES DLOTNTEG TV OLYKOAANoewV.To deVTepo HEQOG TG ALXTOLPNG EMUKEVTQWVETAL OTOV XAQXKTNQLOHO TWV TOTULKWV
UNXOVIKWV OOTHTWYV HN-QUTOYEVWV OVYKOAATIoewV amd koapa AA2198 pe tn xonon vAwkov mArowone Al-Si. ' to okomd avtd, dokipa HkQo-
epeAkvopoL eENxOnoav amd T Cavn Eng kat v Oeguucd emnoealopevn Cwvn KaL Tt ATIOTEAETUATA EPEAKVOHOV OLOXETIOTNKAV HE TIG AVTIOTOLYES
petonoels okAneotntac. Ta amoteAéopata XaQaKTNOLOUOU €detEav OTLT XTHLKT) 0UVOEOT) TOL VALKOU TAT)QWONG £MNQEALEL TIC TOTIKEG POV UCES LOLOTNTEG
oto Baboc g Cwvng T™ENG, He ws amoTéAeopa TV dABAOLLON TWV TIHWV TOL 0PLOL dAXQEQOTIS KAL TNG EPEAKVOTIKIG AVTOXNS KATA TO VPOS TNG 0APNS
ovykOAANoNG. Ta mepapaTik& ATOTEAETHATA XONOLHOTOWONKAV WG TMOWTOYEVT] DeDOHEVA ELOODOVL O €V AEMTOUEQES TOLOOLXOTATO TIXQXLLETOUKO
HOVTEAO TtemMEQATHEVWY OToLXElwV TNG Lawovng ouykoAAnone. To povtéAo memepaopévawy ototxeiwv avanmtiyxOnie meokeLévov va a&loAoynOeln emidoaon
TWV YEWUETOLKWV TIQAUETOWY, OTWGS 1] YEWUETQLA TG CUYKOAATONG KAL OL YEWETOIKEG ATEAELEG TNG OTA AVATITUYHEVA TTEDIX TAOTG KAL TXQAUOQPWOTNG
011 oUYKOAANEVT pBOowon LVTIO afovikt epeAkvOTIKT POETLOT. To TEOTEWVOLEVO HOVTEAD pTtoQEL var xonotpomomOel wg éva Lloxved eQyaAeio yia
YO11Y001 TEOPAEYT TNG UNXAVIKTS OUUTIEQLPOQAS EPEAKVOLOV CUYKOAATNUEVWV OUWV LEQOTKAPWV.

Abstract

The last decade’s trend of aluminum alloy producers, is to manufacture new aluminum alloys that are even lighter, have improved mechanical properties as well
as to have the ability to be welded. The structural weight of aluminum alloys can be reduced by ad ding lithium, since Li is the least dense metallic element. Third
generation Al-Cu-Li alloys are highly promising materials with improved mechanical properties and damage tolerance behavior compared to other commercially
available 2xxx series Al alloys. These alloys have already been established as structural materials for aerospace applications mainly because of the reduced density




and increased specific strength.Next to new, lightweight alloys, aerospace industries focused on efficient joining techniques such as fusion welding, for a further
structural weight reduction as well as for a decrease of the manufacturing costs. Laser beam welding as a joining technique is already established in the aircraft
industry, e.g., for lower fuselage structures, due to higher buckling strength and lower weight, when compared to conventional riveting. The development of
weldable third-generation Al-Cu-Li alloys, such as AA2198 offers new possibilities for highly complex applications in aircraft structures. The use of fusion
welding such as laser beam welding in Al-Cu-Li alloys presents a promising method due to the high structural efficiency.The aim of this Doctoral Thesis is to
methodically investigate and solve the weldability problems of Al-Cu-Li 2198 alloy. Special attention is given to the laser beam welding process parameters to
reduce the structural defects as well as the geometrical imperfections of the welded joints in order to increase the mechanical properties. The local mechanical
properties of the laser beam welded joints of Al-Cu-Li 2198 alloy were also studied; they were used as an input in a numerical model in order to predict the
evolution of the global flow stress-strain curve of the welded joint. The final aim of this thesis is to enhance the knowledge and application capabilities of laser
beam welded AA2198 alloy, to make it more usable in the industrial field.The first part of the thesis focuses on the weldability aspects of the alloy by investigating
different laser beam process parameters with and without the use of appropriate filler material. The optimal process parameters lead to the reduction of structural
defects such as porosity level, hot-cracking and geometrical imperfections such as underfill and root reinforcement. Additionally, post welding heat treatment
was applied on both autogenous and non-autogenous joints to investigate the effect of artificial ageing on the mechanical properties of welded sheets. The second
part of the thesis focus on the characterization and prediction of the local mechanical properties of non-autogenous welded joints of AA2198 alloy with the use
of Al-Si filler wire. For this purpose, micro-flat tensile specimens were extracted from the fusion zone and heat-affected zone and the tensile test results were
associated with the respective hardness measurements. The characterization results showed that the chemical composition of the filler wire affects the local
mechanical properties in the depth of the fusion zone with a decrease in yield strength from the radiation exposure side to the weld root side. The experimental
results were used as input to a detailed three-dimensional parametric finite element model of the welded joint to evaluate the effect of geometric parameters like
the weld geometry and geometrical imperfections on the developed stress and strain fields in the welded joint under axial tensile loading. The proposed model
can be used as a powerful tool for the fast prediction of the tensile mechanical behavior of welded aircraft structures.
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ITegiAnym H dui&fowon etvat picd amd TG oNUAvTKOTEQES PAAPEC MOV CLVAVIWVTIAL OTIC DOMEC TWV AEQOOKAPWYV, HELWVOVTAC ONUAVIIKA TNV OOMIK!] TOUG

axeoaotnta. H ovoowoevpévn daBowor ota YNoAoKovTa aAgQOOKAPN KTOQEL VA 0dNYT0EL 0 TIOWET AOTOXIX TWV dOULKWOV HEQWV TOVS AOYW TNG
OLVEQYELAG TNG HE AAAEG HOQPEC PAABWV, OTIWS Elvat OL QNYHATWOELS AdYw KOTWOTG. Ol AVEAVOUEVES ATIALTIOELS TWV XEQOVAVTUYIKWY BLOUNXAVIWV Yot
HEelwon NG KATAVAAWOTG EVEQYELAS KAL aVENOT] TOU WPEALLIOV (POQTIOV 0d1YNOE TOUG UNXAVIKOUS VALKV OTNV AVATITUEN VALKV XAUNAOD PAQOVS LLE
PeAtiwpéveg unyavikés wiotnres. ‘Etotl, moaypatonon|Onke 1 avamtuén twv koaudtwv Al-Cu-Li toitng yevide. Megud amd ta mAeoVeKTHUATA TOUG TTOL
T KaOLoToUV MEOTLHUOTEQX ATIO TAX OLUPATIKA KQApAaTa aAovpwviov Al-Cu etval 1 xapmAr mukvotta, 1 PEATIwEVN e avToxn, 1| LPNAN avadoyia
axapplag mEog BAQOS Kat 1) KaAn avtoxn ot dxBowor). Qotdéoo, elvar MOAD ONUAVTIKO OAd T DOUIKA OTOLXEIX TOU XEQOOKAPOUS VO AVTEXOLV OE
dlafowtcd meEQBAAAOVTA, eV OLVEXILOLY VA ATIODIDOLY OTa BEATIOTA ETUTMEDX HETA ATIO HAKQOXQOVIX AELTOLQY LA (TTQOOOLLOIWOT) PLOLKNGS YTOAVONG).
Ot OeouoUNXAVIKOL HETAOXNUATIOUOL TTOL TEOKAAOVVTAL ATIO T YTIQAVOT] TWV AEQOTKAPUV ETNEEALOVV OTUAVTIKA T CUUTEQLPOQR TOVG O€ dLAPOWOT,
pe v vmoPdduton Adyw diaBowons va etvar pn avaotoépiun oe avtiBeon pe ™y LTOPAOULON TWV HNXAVIKOV WWOTHTWV TOL UToQel va elvat
avaoteéPun pe ekés emefepyaotec. Emopévag, etvat onuavtikd va eVIomotovy oL UNXAVIOUoL VTTOPAOLONG AOYW dLAPOWONG 0T EQOTKAPT], WOTE
va avamtuxBovv HéEBodoL avTAPEWTIKIG MEOOTACIAG KaL V& eVIOXVOEL 1] dDOULKN] akeQALOTNTA TwV agQookapwv. H magovoa diatoifr) otoxevel otov
EVTOTUOMO TWV HNXAVIOU@V LTIORAOHoNG Adyw diafowong twv koapatwyv Al-Cu 2024 kat Al-Cu-Li 2198 kat otV 0voX£€TLOoT) TOUG e TNV ETTAYOUEVT] ATIO
T AAPEWOT VTOPAOLLOT) TWV PNXAVIK@V WTHTwV. MeyaAvteon éppaot divetat otnv OAKIHOTNTA, 1) OOl TQOODLOQILETAL ATIO TNV TIQALOQPWAT)
Ooavomng Af. Xoykolon twv koapatwv Al-Cu pe ta kawvotopa koapata Al-Cu-Li moaypatomoteitar oe 0An ) AlatolBr), mookelpévov va avaderyOel n
vmeQoxN TwVv koapatwv Al-Cu-Li kot va ducaroAoyn0el n avikat@otaon Twv ovppatikev koapatwv Al-Cu anod avtd oTig 00UES Twv aeQookap@v. I'a
mv e€aywyrn avtv TV TANEOEPOQLWV TEayHatomomOnke ékOeorn delyUATWY 0€ DAPOQETIKA dAPQWTikA TEQRAAAOVTA KAt dtegevvOnKkay TO00 1
KWNTIKN TS dPewons 600 Kat OL EVATOHEVOVOES UNXAVIKEG WOOTNTEG HEOW OOKLUWYV EMPATTIONS, NAEKTQOXNULKOV DOKLUWY (QAOUATOOKOTILO
NAexTooxNuknG epmédnonc-EIS, motevoloduvapikr] mOAwOT), UKQOOKOTUKWOV aAVAAVTEWY, HETAAAOYQA@LOV (TT.X OTTIKY] UIKQOOKOTIX, OTEQEOTKOTILKT
avVAALOT), NAEKTOOVIKT] UkQOOKOTA 0dowons-SEM, nAektoovikn uikgookoTia petddoons-TEM, pukgookomikr) topoyoa@ia axtivwv X-XCT) kabwg kot
UNXOVIKQWV  DOKLUAV  (EQPEAKLOUOS, KOTwOT, dvoHoavoTotnTa).Atxpogetikol unxaviopol evbpavototntac/Ppaduvgomoinons magatnenOnkay ot
dLxPoETIKA DABOWTIKA dlxAvuaTa T000 Y ta kpdpata Al-Cu oo kat yia ta kodpata Al-Cu-Li. H paBugomoinom twv 0plwv Twv KOKKwY 1TaV UOavig
oe delypata mov ektéOnkav oe duxAvua EXCO, to omoio odnyel oe oXNUATIONO DEVTEQOYEVIV QWYHWY, EVA TEQIKQUOTAAALKI] KAl EVOOKQUOTAAALKT)
duiPowon mapatnenOnie oto didAvua 3,5 wt. % NaCl. H duafowon vriopabuiCet to koapa 2024-T3 o€ vymAoTego emimedo kat QUOUO o OUYKQLOT] LLE TO




2198-T8, 600V APOO& TIG UNXAVIKES WLOTNTES EPEAKVOLOD, O€ LEYAAOLS XQOVOUS €ékOeong OToL AauBavel Xwoa 0 PNXaviopos didpowong e omés. Ooov
APOA TNV TAQALOEPwon Boavong, to 2024-T3 Boédnke va vrofaduiletat pe TOAD LYNAGTEQO QUOUO aKOUN KAL O€ HKQOUS XoOVoug ékbeong dmov 1
PpaBuvomoinon Adyw dikxvong LOPOYOVOL Elval O KLRLAQXOG UNXAVIOHOS LTTOPAOULONG. 210 kEdApa 2024-T3 tarpatnET)ONiKe CLVEQYELX TWV UIKQO-QWY LWV
Adyw dudPowong kat s Pabvgomoinone Adyw dikxvong vdgoydvov. H Ppabugomnoinon Adyw dikxvong vdogoydvou oe detypata 2024-T3 mov dixfowOnicav
KL OTIG 00O eTpdveles odnyel oe meplmov 27% pelwon g oAxotntag (Af). Awxgogetikol unxaviopol vmoPadpone magatnendnkayv otoug
OLAPOQETIKOVG XQOVOUS DXPBOWONG KL TIC DLXPOQETIKEG ETIPAVELES TWV KOARATWV. To B&00g TwV HIKQO-0WYHWOV avEAveTal e TNV avENoT) Tov XEOVOU
OL&owong kat Y Ta dxBowpéva dokipia povr)g oyng (dudfPowaorn oe pia mAevpd/emipavein) etvat ovolxotik LYMAGTEQO amd Ta dxPowpéva delypaTa
ap@imAevone oyme. Awkfowon pe omég maQaTnENOnKe KAt 0Tig 0V0 EMPAVELEG TOL KQAHRATOS 2198-T351 otoug Hukovs xpovoug €kbeong, eva dvo
TEQLTITAWOELS BAABNG maxQatnonOnNKav otovg HeYAAOLS XQOVOUS (= 24 WQEEC): &) 0 OXNHATIONOC ETMUPAVELXKWV QWYHUWOV AOYw® dAPOWONG OTIS HLKQEG
TAEVQLKES ETUPAVELEG Hall PE DAPBOWOT) ATIOPAOLWONG OTIG HEYAAES ETUPAVELEG AOYW ATIOKOAANOTNG TV 00lwV TV KOKKWV KAl ) OLOOWQEEVHEVA
TEOLOVTA DLAPEWONG OTIS peYaAeg eTupavetes. Ooov apopd to koapa 2024-T3, dLABwor pe 0TéG EVTOS TV 0QLWV TWV KOKKWV EVIOTIOTIKE OTOVG HLKQOUG
X00VOULG €k0eOTC, eV 1) CVVOEDT) TWV UIKQO-0WY MWV AOYwW dABOwonS NTav 0 KLEIAQXOS UNXAVIoUOS LTORAOLONG 0TOVG peydAovg xeovoug éxbeong. To
koA 2024 BoéOnke va etvat o evaioOnTo ot dAPBEWON TWV TTAEVEIKWV ETUPAVELWDV, OTIOL TTAEATNET|ONKE CLUPBOAT) TtepiTov 60% 0T CLVOALKT) Heiwon
e Af yx pkQovg xo0voug €k0eong, eva 1 oLoowWEEVHEVT daBowot oTis peydAeg emipavetes (L/LT) etvat mo kolown otn pelwor TG OAKLUOTTAS Yot
to koapa Al-Cu-Li 2198.To 2024 emnoealetal ONUAVIIKA QO TOUG UETAOXNUATIOMOUS TNG HUKQOOOMNS A0yw Texvntne ynoavons, kabwg tooo n
NAEKTQOXTNHLKT] TOU CUUTIEQLPOQA OO0 KAL OL EVATIOEVOVOES INXAVIKES LOLOTNTES O& DIAPOQETIKES KATAOTATELS YOAVONG TAQovoiaoay VPNAES dlapoEg,
pe ta delypata otV kataotaot péylotng yrnoavons (PA) va etvat Aryotepo evatoOnta omnv e£€ALEN e dudPowons. Qotdoo, avtod dev oxveL yia To 2198.
To kpapa 2198 patvetal va eival o avOektTikd otn diapowon.

Abstract

Corrosion is one of the major damage problems met in aircraft structures that can significantly affect its structural integrity. Accumulated corrosion damage on
ageing aircrafts may lead to premature failure of the aircraft components due to interactions with other forms of damage such as fatigue cracks. The increasing
demand of aeronautic industries for reduction of energy consumption and increase in payload led the material engineers to the development of light-weight
materials with improved mechanical properties in several parts of the aircraft structure. Thus, the development of third generation Al-Cu-Li alloys took place.
Some of their advantages that make them preferable than conventional Al-Cu aluminium alloys are the low density, improved specific strength, high stiffness to
weight ratio and good corrosion resistance. However, it is of major importance for all aircraft structural components to withstand corrosive environments while
continuing to perform at optimum levels after long-term operation (simulating natural ageing). The ageing-induced thermomechanical transformations in old
aircrafts significantly influence their corrosion behaviour with the corrosion-induced degradation to be irreversible unlike mechanical properties degradation
which can be reversible with special treatments. Hence, it is crucial to identify the corrosion degradation mechanisms on aircrafts in order to give feedback for
the development of anti-corrosion protection methods and enhance aircrafts structural integrity. The present Thesis aims to identify the corrosion-induced
degradation mechanisms of Al-Cu and Al-Cu-Li alloys and correlate these mechanisms with corrosion-induced degradation of mechanical properties. Higher
emphasis is given on ductility which is evaluated through elongation at fracture Af. Comparison of Al-Cu against Al-Cu-Li alloys is performed during the whole




Thesis in order to highlight the potential of Al-Cu-Li alloys and justify the replacement of Al-Cu alloys in aircraft structures. Towards these objectives exposure
of specimens to different corrosive environments was performed and both the corrosion kinetics as well as the residual mechanical properties were investigated
through immersion tests, electrochemical tests (electrochemical impedance spectroscopy-EIS, potentiodynamic polarization), microscopic examinations (e.g.,
light optical microscopy, stereoscopical analysis, scanning electron microscopy-SEM, transmission electron microscopy-TEM, micro X-ray computed
tomography-XCT) and mechanical tests (tensile, fatigue, fracture toughness). Different embrittlement mechanisms were noticed for the different corrosive
solutions for both Al-Cu and Al-Cu-Li alloys. Grain boundary embrittlement was evident at specimens exposed to EXCO solution, which lead to secondary
cracking formation, while intergranular and transgranular corrosion were present at 3.5 wt. % NaCl solution. Corrosion degrades all aspects of the tensile
behaviour of AA2024-T3 at a higher level and rate compared to the respective degradation of AA2198-T8 at long exposure times, where pitting corrosion
mechanism takes place. Regarding elongation at fracture, AA2024-T3 was found to degrade at much higher rates even at short exposure times where hydrogen
embrittlement is possibly the dominant degradation mechanism.Synergetic effect of micro-cracks and hydrogen embrittlement was revealed in Al-Cu 2024-T3
alloy. Hydrogen embrittlement on AA2024-T3 specimens corroded on both surfaces was found to contribute to approximately 27% of the ductility (Af) decrease
while micro-crack formations to the rest 73%. Different corrosion attack mechanisms were noticed for the different exposure times and the different surfaces of
the alloys. Depth of micro-cracks increases with increasing exposure time to exfoliation corrosion (EXCO) solution and for the single-sided corroded specimens
of AA2024-T3 this depth is essentially higher than for the respective half-corrosion exposure time for the both-sided corroded specimens. Pitting corrosion on
both surfaces of Al-Cu-Li 2198-T351 alloy was noticed for the short exposure times while two cases of corrosion damage were noticed for long exposure time (=
24 hours): a) the formation of corrosion-induced surface cracks on the small side-surfaces along with transition to exfoliation on the large surfaces due to grain
boundaries delamination and b) the accumulated corrosion products on the large surfaces. Regarding Al-Cu 2024-T3 alloy, pitting corrosion within grain
boundaries was evident for short exposure times, while connection of corrosion-attacked sites along with cracking between the grains, was the dominant
corrosion degradation mechanism for long exposure times. AA2024 was found to be more sensitive to side-surfaces corrosion attack, where a contribution of
approximately 60% to the total Af decrease was noticed for short exposure times, while accumulated corrosion on large surfaces (L/LT) is more critical in ductility
decrease regarding Al-Cu-Li 2198 alloy. AA2024 showed high responsiveness to microstructural transformations due to artificial ageing heat-treatments since
both the electrochemical behaviour and the mechanical properties of the different ageing tempers exhibited high differences, with the peak-aged (PA) specimens
to be less susceptible to corrosion evolution. However, this was not the case for AA2198 where no notable differences between the different ageing tempers were
observed regarding corrosion propagation. In general, the advanced Al-Cu-Li 2198 alloy seems to be more corrosion resistant than Al-Cu 2024 both in terms of
charge transfer resistance and Af reduction rates; however, this superiority is more intense in short exposure times where slight pitting formation takes place.
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ITegiAnym H magovoa datoifr) emiAveL to mMEOPANHA NG TaXelAg EKTIPUNONG NG TELOHIKTS TowToTtntas o¢ Eykataotdoels Emeegyaotiac Avpatwv (EEA) xkat

TOTE(VEL KATAAANAN TEwTOTLTIN peBodoAoYin péow dLeQevVNOTG TV HETAPBANTWV TTOL TNV ETNEEALOLY, XONOLHOTIOLWVTAG TNV TIOLOTIKT) AVAALOT) LLE T
HéBodo g «kplong twv eWwkwv». Ilaykoouiws, 1 eKTiUNon NG TEWTOTNTAC TWV KATAOKELOV Eelval éva dvoemiAvto Critnua, Aoyw g
TIOAVTTIQAUETOLKOTNTAS TWV HETAPANTWV TIOL CUHUETEXOLV. OL LEXOL OT|HLEQA TQOTIOL EVREOTG TNG TELOHKIG TOWTOTNTAS ETUKEVTQWVOVTAL O€ XQOVOPOQES
AVAAVTIKEG PLEAETES KAl DLADIKATLES YIX OUYKEKQLIEVES KATAOKEVES KAl EYKATAOTAOELS. LTV EAAGda, epumeloucéc néBodot 0Tiwg 1 EKTLUNOT TG DOULKNG
TOWTOTNTAG HEOW TAXEWS OTITIKOV EAEYXOL TwV ANHOCIWV Kol KOWVWPEAOUS XO10MS KTIQlwV ooy atoToteltat pe oAL Boadels guOpove. H extipmon g
towtotnTas Twv EEA, AAAWV KQIOIHWV eyKATAOTACEWV AAAK Kol IOLWTIKWVY KTV elvat avoTtagktn Kat eAArme. H épevva avadeikvietl tny analtnon
V&N pebBodoAoylag yia TNy Tarxela EKTIUNOT) TNG OELOULKTG TOWTOTNTAG TwV EEA. XKoo TN daToPrc elvat 0 TROTELOUIKOS EAEYXOG KAL 1) EKTIHTON
NG OELOUIKNG TOWTOTNTAS TwV EEA (g mQOg TV HeTaoeLopLKT] ATOKQLOT] TOUG. ATIATEQOS OKOTOG lval 1) emAVENON TNG AVOEKTIKOTNTAS EVAVTL OELTLLKWV
KATAOTQOPWY, T KaAT AETOUQYIA TWV CLOTNUATWY eMEEEQYATIAG Kat 1) dtatrjenon tng Anuootag Yyelag kat Aopadeias. H mowtotumia tng diatolf3)g
éykeltal ot dnuoveyia taxelag peOodoAoylag mMOWTIKTG eKTIPNONG TG Oelopikns TowtdtTag Twv EEA pe faon v «kolon twv edikdv», 1 omola
EUTTEQLEXEL TNV AVADELEN TWV ONUAVTIKOTEQWY UETABANTAOV TELOUKNG TOWTOTNTAS (KAL TWV CLVTEAEOTWV BAQVTNTAS AVTWV) HETA ATIO PBLBALOYQAPLKT] Kot
miAoTikn) égevva. AnuoveynOnie kar xoonynOnke mowtotvmo EpwtnuatoAdyo Zetopunc Towtotntas (EowtnuatoAdyo XT) oe 116 YmevOvvougs-
Aertovgyovs EEA (Aetypa 1). H mpooéyyion tng pebodoAoyiag etvar epmeouer) kabwg PaoiCetal otn dtegedivnon tng ektipnons twv Ymevbovawv-
Aettovpywv EEA yia ) 0€loUiKT] TowTOTNTA TwV €YKATAoTaoeV Tous. OAeg oL oeloUikés TowTOTNTEG MOV £EETALOVTAL APOQOVV ATIOKAELOTIKA TO XWQO
TWV EYKATAOTAOEWV, Kot eotiklovv ot Aoukt) Towtotnta (AT), otn Mn Aopukn) Towtdtta (MAT) kat ot Aertovpywkr) Towtotnta (AT). E€etalovtar de
OAat T oTAdL eTeE eQYATIAG TWV AVUATWY pe Baon mapadoyxég ov vioBetr|Onkav. [Tagovoialovtat ot duvatotnteg g pHebodoAoyiag pe v e€edikevon
NG WG TEOG TN dLEQEVVNOT) KAL EKTIUNOT) NG OlOpKNG TowTotnTas twv EEA, 1 omola duvntikd pmopel va MEOKaAéoeL QUTIAVOT) TOL EDAPOLS KAL TwV




vdatwv (PEY), eva ektipdtoat emilong 1 XQOVLIKT] OLACTIORA TV QUTIWY, eVTOG 24 wowv petaoelopikd. H otoxevon eumeptéxel emiong tnv avalntnon g
KQATNYOQLAG TV «EWOLKWV» OL 0TIOL0L 0PEIAOLY VA CUHETEXOLY 0TV €Qevva (Yl TV KaAvTeen a&omiotia tg). [ ) diepevvnon Twv kataAANAGTEQWY
«EWIKWV» 0L OTIOLOL OPEIAOLV V& OUHUETEXOLV 0T €peLVa DewENONKE Evar AVTIOTOLXO EQWTNUATOAGYLO Le TNV ovouaoia Tvmomompévn ‘ExOeon Letopucric
Towtotntag (TEXT), mavopowdtumo pe to EowtnuatoAdyo XT. H TEXT eixe wg amodékteg to Aetypa 2 twv 118 MeAetntwv-EAeyktov yio tic MeAéteg
[TeoParrovtikawv Erumtwoewv (MIIE) twv EEA. Ye kaOe mepimtwon 1 otatotiky) emefegyaoio MEQLEAGUPBAVE TNV TEQLYQAPUKT] OTATLOTIKY] LLE TN
ONULOLEY X OTATIOTIKWV DX YQARUATWV, aBQ0LOTIKEG OLXVOTNTES, TNV €VEEOT ToL Aeiktn Letopikr)c Towtdtntag (AXT) yx to Aetypa 1 ko to avtiotorxo
tov ywx tnv TEXT (TEXT/AXT) tnc kaOe EEA. Metémerta dOnuiovoynOnke n KAtpaka Xetopkrg Towtotntag (KET) yux to Aetypa 1 kat n avTloToLKr) Tov Yio
v TEXZT (TEXT/KXT) yix to Aetypa 2 twv EEA. ToaypatomomOnkav 0Aot ot duvatot ovvdvaopol twv amoteAeopudtwv tov EpwtnuatoAoyiov XT ko
TEXT (OnA. twv emupégovg AXT kat twv KET touvg). EfetdoOnke emiong n mepimtwon dvvnruikrs petaoetopikn)c PEY pe pdon ta mAaopatika
EowtnuatoAdywa PEY kat TEXT-PEY ue tnv evoeon twv AXT-PEY, kat TEXT/AXT-PEY kaOd¢ kat twv avtiotoixwv KET-PEY kot TEXT/KET-PEY. Q¢ moog
v aéomotia e pebodoloyiag, eAéyxOnie 1 ovoxétion twv anmoteAsouatwv EgwtnuatoAoyiov ET kat TEXT (kaBcs kat avtiotoxa yia PEY).
[MoaypatomomOnrav cvoxetioels twv amoteAeopdtwv EpwtnuatoAoyiov ET pe éva emumAéov xoonyn0év EpwtnuatoAdyo Emavextipnong amd 40
ATIODEKTES, PE VTIAQXOVOES KAUTIOAEG towTotTas katae HAZUS-MH, Panico et al., kat Syner-G (yix EAAnvucéc EEA), peta and opadomnomoels EEA
(OOpPWVA e T XOQAKTNOLOTIKA TOUG E(TE UE PAOT) TNV AVAUEVOHEVT] ETUTAXLVOT] £dA@ovg tov Xaptn Letopkns Towtotntag (XXE) tne megtoxns twv
EEA). AmoteAéopata tov EpwtnuatoAoytov ET ovykoOniav pe vtdoxovta dedopéva Oelo@V amo T aor) dedopuévwvy Shakemaps elte amo v AteOv)
Baon dedopévwv EM-DAT (evtaoewv, antwAewdv oe Bouata). Ioaypatomom|Onke tAe@wvikn) éoevva yia TG 0elopikég emumtwoels oe 14 EEA yux v
mtepiodo 2011-2022. Yrmolav 10 EEA pe emumtaoelc otig omoteg emavaxoenyndnke to EowtnuatoAdyo ET (EowtnuatoAdyio LT/TE). AfomomOnkav ta
amnoteAéopata ano 2 EEA kat ovykplOnkav pe ta anoteAéopata tov EgwtnuatoAoyiov XT.H peBododoyia epagpoodnke yix tnv EEA Avyiov kat
KkolONKav T amoteAéopata, Y kaOe megimtwon. Ta o onpavtikd anoteAéopata arotvnwdnkay oe 28 Xagtes péow twv ['ewyoapikwv Zvotnuatwy
[TAngogpoowv (GIS) kat oxoAtxotnkayv mepattéow. H pebodoAoyia kolvetat emaQKg KAL LKAVOTIOUTIKN YIX TNV ToX Lt EKTIUNOT TNG OELOULKNIG TQWTOTNTAG
twv EEA (epbéoov oL amodékteg eivar ot YrevOuvvor-Aettovpyoi). Ot afeBatdotntes oxoAalovtal Tlgoteivovtat de ta anapaitnTa TMEOANTITIKA &lte
KATAOTAATIKA HETQA HETOLAOUOV TV ETUTTWOEWV avaAoya pe tnv KET otnv omoia avikel n) kaOe pepovwpévn EEA. IMegattépw divovtat mQoTaoels yix
HEAAOVTLKES EQEVVEG, e PAOT) OEVAQLX VTIOOE0EWY OELOHUOV, Ue BAOT) EVEUTEQOLS EEWTEQLKOVS TTAQAYOVTES (0TS 1 KALUATIKY) aAAayn), elte pe faon tnv
éktaon twv oeloukwv emmtwoewv. H IToAwteia dg, pmogetl £ykaiga va oQyavwoet HeOodikd Kat e QEAALOTIKT] LEQAQXTOT TNV eVIoXLOoT) Kat avapBaduon
e avOektkotntac twv EEA oe emimedo meoAnUmg, vAomoiwviag ta katdAANAa HETER TEOOTATIAG, HETQLALOVTAG £TOL TOV OELOMULKO KIVOUVO OTO
ETILOTNHOVIKO TEDIO TWV PLOKIOV KATACTQOPWV.

Abstract

The present thesis addresses the issue of rapidly assessing seismic vulnerability in Wastewater Treatment Plants (WWTPs) and proposes an original methodology
that explores the variables influencing this vulnerability. It employs qualitative analysis through the "expert judgment" method. Globally, estimating the
vulnerability of structures is a challenging task because of the multi-parametric nature of the variables involved in it. Until now, methods for determining seismic
vulnerability have primarily concentrated on individual constructions or facilities, resulting in a time-consuming procedure. In Greece, the assessment of




structural vulnerability for Public and non-profit Buildings progresses is notably slow. Additionally, evaluating vulnerability for WWTPs, other critical facilities
and private buildings are non-existent and incomplete. This research underscores the need for a swift seismic vulnerability estimation methodology for WWTPs
as analytical calculation methods are time-consuming and previous individual efforts have regrettably not seen practical or widespread application. The thesis
aims to conduct pre-earthquake assessments and estimate the seismic vulnerability of WWTPs, focusing on their post-earthquake response. The ultimate objective
is to enhance resilience against seismic disasters, optimize the operation of treatment systems, and ensure public health and safety maintenance. The originality
of the thesis lies in developing a rapid qualitative estimation methodology for assessing the seismic vulnerability of WWTPs. This methodology is based on the
"crisis of experts" approach, which involves identifying the most critical seismic vulnerability variables (along with their respective weighting factors). This
identification process is conducted following a thorough review of the literature and a preliminary "pilot" study. To implement this methodology, a prototype
Seismic Vulnerability Questionnaire, referred to as “Questionnaire ST” was designed and subsequently administered to a sample of 116 WWTPs” Managers and
Officers 9Sample 1). This sample was chosen using a proportional stratification method. The methodology approach is empirical, centering on investigating the
seismic vulnerability estimation provided by WWTPs” Managers and Operators regarding their facilities. The seismic vulnerabilities under examination
exclusively pertain to the facility’s area, with a specific focus on Structural Vulnerability (SV), Non-Structural Vulnerability (NSV) and Operational Vulnerability
(OV). The analysis includes the treatment stages of Primary, Secondary and Tertiary Wastewater Treatment, all based on adopted assumptions. Upon determining
the seismic vulnerability of each WWTP denoted by indicator “DST”, a scale known as “KST” is constructed. The methodology’s capabilities are demonstrated
by its specialization in investigating and assessing the seismic vulnerability of WWTPs, which have potentially contaminate soil and water resources (referred to
as “REF”). Additionally, the methodology estimates the temporal dispersion of pollutants within 24 hours after a seismic event. Furthermore, a “KST-REF” scale
is calculated as part of the assessment process. Targeting also involves the identification of the category of "experts" who should participate in the research, which
is essential for enhancing reliability. To determine the most suitable "experts" for research participation, a corresponding questionnaire, the Standard Seismic
Vulnerability Report (“TEST”), identical to Questionnaire ST, was developed. The “TEST” was distributed to a representative Sample 2, comprising 118
Environmental Impact Study Surveyors (“MPE”) specializing in WWTPs. This group differed from the Managers-Operators who participated in the
"Questionnaire ST". The Seismic Vulnerability Scale was calculated based on the “TEST” questionnaire responses, referred to as “TEST/KST”. Additionally, a
scale called “TEST/KST-REF” was also calculated. In any case, the statistical analysis encompassed various elements, including the utilization of descriptive
statistics, the generation of statistical diagrams, and the computation of cumulative frequencies. The “KST” and “TEST/KST” values for the WWTPs were also
derived as part of the process. Furthermore, all conceivable combinations of the results from Questionnaire ST and “TEST” and the corresponding calculations
for potential post-earthquake “REF” were thoroughly examined. Additionally, correlations were performed by comparing the results of Questionnaire ST with
those from an additional Re-evaluation Questionnaire that was administered to 40 recipients. Furthermore, the methodology's reliability was assessed by
comparing its outcomes with existing vulnerability curves from HAZUS-MH, Panico et al., and Greek WWTPs (utilizing Syner-G). The WWTPs were grouped
based on their characteristics, the Hazard Seismic Map (HSM) of WWTPs, or the characteristics of the Samples. Moreover, the results from Questionnaire ST were
compared to earthquake data from Shakemaps and the EM-DAT database, including expected intensities from the HSM and casualty losses. Concerning the
reliability of the methodology, the correlation between the results obtained from Questionnaire ST and “TEST” (as well as the corresponding correlations for




"REF") was carefully examined. Additionally, correlations were performed by comparing the results of Questionnaire ST with those from an additional Re-
evaluation Questionnaire that was administered to 40 recipients. Furthermore, the methodology’s reliability was assessed by comparing its outcomes with
existing vulnerability curves from HAZUS-MH, Panico et al., and Greek WWTPs (utilizing Syner-G). The WWTPs were grouped based on their characteristics,
Hazard Seismic Map (HSM) of WWTPs, or the characteristics of the Samples. Moreover, the results from Questionnaire ST were compared to earthquake data
from Shakemaps and the EM-DAT database, including expected intensities from the HSM and casualty losses. Additionally, a telephone survey was conducted
to assess effects using the “Questionnaire ST/TE” in 14 WWTPs from 2011 to 2022. The results of this survey were subsequently compared with recorded data
after categorizing them into SV, MSV and OV. A careful selection of WWTPs was made for this comparison. Furthermore, the Questionnaire ST was administered
to certain WWTPs. The methodology was applied explicitly to Egion WWTP, and the results for each case were evaluated. The most noteworthy findings were
visually presented on 28 maps using Geographical Information Systems (GIS), and these results were further elaborated upon. In any case, the results have
demonstrated the methodology’s effectiveness, indicating that it is sufficient and satisfactory for rapidly assessing the seismic vulnerability of WWTPs, mailly
when the recipients are the responsible operators. This assessment can be achieved without incurring significant time and costs. The methodology also suggests
preventive or corrective measures to mitigate the effects, tailored to each WWTP's "KST" category. The document also addresses uncertainties and provides
recommendations for future research on this specific issue. This could be based on earthquake scenarios, broader external factors such as climate change, or the
scale of seismic effects. It is noted that the state authorities should systematically and realistically prioritize the strengthening and upgrading of WWTPs' resilience
at the prevention level, implementing appropriate protective measures. This approach will help mitigate seismic risks in the scientific field of natural disasters.
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