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NEPINHWH

H nmpdodog ota acupuata Siktua o cuvbuaopud pe aAAayEG oToug puBULOTIKOUG
KaVOVEG ylo tnVv TpocBacn oto Ao KOL TOV QVIOYWVIOUO TIOPEXOUV VEEG
SuvatoTNTEG yla SLKTUAKECG OPXLTEKTOVLKEG, UTINPECLEG KaL oOUVEPYAOLEG HETAEL TwV
TapOXwWV. 2e avtiBeon pe TG MapadOCLOKEG AyOopEC acUpUATNG TPOoBaong Kal
ddopartog, epdavilovral VEEG ayopES TTOU elval HEYOAUTEPEC, TILO ETEPOYEVELG, KOl
TIAPEXOUV VEECG Kol BeATLWUEVEG UTINPEDiEC. H avAAuon autwv Twv ayopwv gival
SUokoANn Aoyw piag mAnBwpag pawvopévwy mou Stadpapatilovial oe Slad OpETIKEG
XWPLKEG KOl XPOVIKEC KAlpakec. H kUpla ouvelodopd autng tng OSLOAKTOPLKNAG
StatpBig eival n avamtuén evog apBpwtol mAalciou povtehomoinong kat piag
TIAQTPOPLAG TIPOCOUOLWOEWY YLa TNV AVAAUGCH TWV ayopwV acUpUATNG PooBacng



Kol paopatoc. To mAaiolo povtehomoinong xpnolpomnolel epyaleia anod tn Bswplia
malyviwy, ™ Bewpla oupwv, TO OLKOVOULKA SlkTUWY, KaBw¢ kol aAyopiBuoug
opadormnoinongyla va povtehomolnoeL ayopég o Stadopa enineda AentopépeLag anod
TO LOKPOOKOTILKO WC TO ULKPOOKOTILKO. XTO UKPOOKOTILKO eTtine 80, povteAomolel kaBe
ovtotnta o€ peyahn Aemrtouépsla. Emiong, epapudlovrag Stddopeg cuvabpoioelg
(aggregations), povtehomnolel tn "péon" cuunepidpopd SLapopwv opadwv oOVTOTHTWV.
YtoxeVEL OTn povteAomoinon Kot availuon evog ¢alvopévou oto KatdAAnAo emninedo
AEMTOPEPELQAC, EMITUYXAVOVTAC TNV EMOUUNTH LooppoTtia peTtafl NG akpifelag Kal
TNC UTTOAOYLOTLKN G TTOAUTTAOKOTNTAC.

To mAaiolwo povtehomoinong Beswpel mMoOANAmAoUC Tapoxoug, KaBévag omd Toug
omolou¢ pmopel va TopEXel TOAAOTAEG UTINPECLEC, KAOBWG Kal €va ETEPOYEVN
MANBuo O xpnotwv. O MANBUOUOC UTOC UTTOPEL VO XWPLOTEL 08 OUABEC XPNOTWV UE
SladopeTIkEG ouvapTAOoEl wdeALOTNTAC oL omoieg efaptwvtal and Siadopoug
TLOPAYOVTEC, OTWG, N IPoBupia TANPWIG, OL ATIALTOELG OE TIOLOTNTA UTINPECLOC, KOl
n {ntnon. Emiong, to mAaiolo povtelomoinong meplypddel t pn opOoAOYLOTIKN
ouuneplpopd Twv xpnotwv (irrationality) kot HEAETA TO AVTIKTUTIO TNE yVWONG TWV
TIAPOXWV YLla TOUG XPHOTEG KAl TO HNxaviopo AnPng anodacewv toug otnv enidoon
™G ayopac. Mo va IEPLOPLOEL AKOUO TIEPLOGOTEPO TNV UTTOAOYLOTLKH TTOAUTTAOKOTNTA,
avantuooel pia pebodoloyia kal eva alyoplBuo anocuvBeong Siktuwv pe Baon To
Bewpnpua tou Norton. Autog o adyoplBpog urtoAoyilel LooSUVOA LOVTEAQ OUPWYV YL
ta Siktua plag meploxng evdladepovrog, e€adeidovrag tn AemTopépela OAOKANPWV
TwV SIKTUWV TwV Tapoxwv. Me Baon Tto TAaiolo povtehomoinong, HeAETHOnKav
S1aPOpPEC TACELG HE LOXUPO EUTIOPLKO EVOLADEPOV OTIC TNAETILKOLVWVLOKEG QYOPEC
onw¢ n anodoption (offloading) Twv kuPeAwtwv Siktvwv péow WiFi, n cupuetoxn
TWV APOXWV 0€ SEVUTEPEVUOUTEG AYOPEC PATHATOC YLOL TNV AUENON TNG XWPNTLKOTNTOG
TwvV SIKTUWV TOUC, N TLLOAGYNON HE BAon TNV TUNUATONOINGON TNG ayopdg Kat to flex
service, pla véa umnpeoia mou mapéxel tn SuvatoTNTA OTOUG XPHOTEG VA ETIAEYOUV
Tov MApoxo Toug Suvaplkd. To mMAaiolo povieAomoinong UMopPEL Vol AmOTEAEDEL T
Baon yla TNV avamtuén €vog Aoylopikol Tou Ba mpaypotonolel pia Aemtopepn
avAAuon KOOTOUG-0EAOUG yla TNV ULOBETNON VEWV TEXVOAOYLKWV TOOEWV OTLC
TNAETUKOLVWVLOKEG OYOPEC.
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ABSTRACT

Advances in networking and regulatory changes on access and competition rules
enable new network architectures, service paradigms, and partnerships. Unlike
traditional spectrum and wireless access markets, new types of markets are formed
that have larger sizes, are more diverse, and can offer an improved set of services. The
analysis of such markets is challenging due to a plethora of phenomena that manifest
in different spatio-temporal scales. The main contribution of this thesis is the
development of a modular multi-layer modeling framework and simulation platform



for analysing wireless access and spectrum markets. This framework employs game
theory, queueing-theoretical models, network economics, and clustering algorithms
to instantiate a market at multiple levels of detail from the macroscopic to the
microscopic one. At a microscopic layer, it models each entity of the market in a fine
level of detail. By applying various aggregations, it also models the "mean" behaviour
of certain groups of entities. In that way, it can analyse a certain phenomenon at the
appropriate level of detail, achieving the desired tradeoff between accuracy and
computational complexity.

The framework considers several providers, each potentially offering multiple services
and a heterogeneous user population. Multiple groups of users are defined with
different profiles and utility functions that depend on various parameters, such as, the
willingness to pay, quality of service requirements, and traffic demand. The
framework also models the user irrationality and evaluates the impact of the
knowledge of providers about users and their decision making on the performance of
a market. To reduce the computational complexity even further, it also develops a
network decomposition methodology and algorithm based on the theorem of Norton.
This algorithm computes equivalent queueing network models for a specific region of
interest omitting the details of the entire networks of providers. Based on the
modeling framework, various market cases with strong commercial interest have been
analysed, e.g., mobile data offloading, secondary spectrum markets for capacity
enhancement, pricing via market segmentation, and the flex service, a novel paradigm
that allows users to dynamically select their provider. This framework can be the basis
of a software tool that enables providers to perform a detailed cost-benefit analysis
of different market cases.
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